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FOREWORD 


Volume III has been constructed on the same lines as those followed in Volume IJ. 
The Foreword written in Volume II therefore covers all that it is necessary to say 
concerning Volume III. 

Dr. Johnson says in the Preface to his Dictionary, published in 1755, ‘‘ It is the 
fate of those who toil at the lower employments of life to he rather driven by the fear of evil^ 
than attracted by the prospect of good; to be exposed to censure, without hope of 
praise ; to be disgraced by miscarriage, or punished for neglect, where success would 
have been without applause, and diligence without reward. 

Among these unhappy mortals is the writer of dictionaries; whom mankind have 
considered, not as ike pupil, but the slave of science, the pionier of literature, doomed only 
to remove rubbish and clear obstructions from the path of Learning and Genius, who press 
forward to conquest and glory, without bestowing a smile on the hmnble drudge that 
facilitates their progress. Every other author may aspire to praise ; the lexicographer 
can only hope to escape reproach, and even this negative recompense has been yet granted 
to very few, 

“ . . . This recommendation of steadiness and uniformity does not proceed from an 
opinion, that particular comhinations of letters have much influence on human happiness; 
or that truth may not be successfully taught by modes of spelling fanciful and erroneous : 

I am not yet so lost in lexicography, as to forget that' words are the daughters of earth, and 
that things are sons of heaven,' language is only the instrument of science, and words are 
but the signs of ideas: I wish, however, that the instrument might be less apt to decay, 
and that signs might be permanent, like the things which they denote, 

. . . To deliberate whenever I doubted, to enquire whenever I was ignorant, would 
have protracted the undertaking without end, and, perhaps, without much improvement; 
for I did not find by my first experiments, that what I had not of my own was easily to he 
obtained : I saw that one enquiry only gave occasion to another, that book referred to hook, 
that to search was not ahpays to find, and to find was not always to be informed; 
and that thus to persue perfection, was, like the first inhabitants of Arcadia, to chace the 
sun, which, when they had reached the hill where he seemed to rest, was still beheld at the 
same distance from them. 

“ . . . Z look with pleasui^ on my hooh^owever defective, and ddii)er it to the world 
with the spirit of a man that has endeavoured well. That it will immediately become 
popular I have not promised to myself f' afew wild blunders, and risible absurdities,from 
which no work of such multiplicity was eberfree, mayfor a time furnishfolly with laughter, 
and harden ignorance in contempt ; hut useful diligence will at last prevail, and there 
never can be wanting some who distinguish desert; who will consider that no dictionary 
of a living tongue ever can be perfect , , , even a whole life would not be sufiicient; that he, 
whose design includes whatever language can express, must often speak of what he does 
not understand; that a writer will sometimes he hurried by eagerness to the end, and 
sometimes faint with weariness under a task, which Scaliger compares to the labours of the 
anvil and the mine; that what is obvious is not always known, and what is known is not 
always present; that sudden fits of inadvertency will surprize vigilance, slight avocations 
will seduce attention, and casual eclipses of the mind mil darken learning; and that the 
writer shall often in vedn trace his memory at the moment of need, for that which yesterday 
he krmo with intuitive readiness, and which will come uncalled into his thoughts 
to-morrow." 

There can be no doubt that the great man had his tongue in his cheek when he 
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wrote this wonderful Preface. Few men have suSered less from an inferiority 
complex than Dr. Johnson, prince of lexicographers, and there is no question but that 
he was merely hanging out a bait for those who were willing to offer praise rather 
than censure and pay him the tribute he so dearly loved to receive. On the whole, 
however, we are in the fortunate position of having had a wide number of reviews 
from all parts of the world which have been both laudatory and fair. The number 
of adverse criticisms have been amazingly small and to those who have written them 
we recommend the quotation given above. 

We have again to thank Dr. J. N. Goldsmith for his valuable assistance in reading 
the proof. 

We wish also to thank all those who have contributed to the Volume and those 
whose names are mentioned in the Prefaces to Vols. I and II for the work they have 
been so kind as to do for us. 

The spelling of botanical names is still a controversial subject and we acknowledge 
gratefully much kind help we have received from the Librarian and Deputy Librarian 
of the Royal Botanic Gardens, Kcw. 

JOCELYN THORPE 
M. A. WHITELEY 

South Kensington, 

March, 1939. 
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Arch. Nderland . 

Arch, Nierland. Physiol. 
Arch. Pflanzenbau , 

Arch. Pharm . 

Arch. Protistenk. 

Arch. Sci. phys. nat. 

Arch, Suikerind. Ned.-Indie 
Arch. Tieremdhrung u. 

Tierzucht . 

Arch. Wdrmewirts. . 
Arizona Agric. Exp. Sta. 

Bull . 

Arkiv Kemi, Min., Geol. 

Astrophys. J . 

Atti B. Accad. Lincei 
Atti B. Accad. Sci. Torino . 
Austral. J. Exp, Biol. . 

B . 

B.P . 

Ber . 

Ber. deut. bot. Qes. . 

Ber. Oes. Kohlentech. 

Ber. Sachs. Akad. Wiss. 

Ber. Ukrain. Wiss. Forsch. 

physikal. Chem. 

Berlin. Hin. Woch. . 

Bied. Zenir . 

Bied. Zenir. {Tiererndhr.) . 

Biochem. J . 

Biochem. Z . 

Biochimia . 

Bodenk. Pfianzenemdhr. 

Bol. Acad. Nac. Ciencias, 

Cordoba . 

Bol. Soc. Quim, Peru 
Boll. Chim. farm. 

Boa. Sez. Ital . 

BoU. Soc. Oed. Itcd. 

Boll. Soc. Ital. Bid. sperim. 
Boll, Soc. Med-.Chirurg. 
Bdl. Uff. Staz. Sperim. Ind. 
Essenze. 


Annales de 1’Office nationale des Combustibles liquides. 

Annalen der Physik. 

Annales de Physique. 

Annali della R. Stazione Chimioo Agraria Sperimentale di Roma. 
Annales du Secteur Platine et des autres M6taux Pr6oieux. 

Annals of Science. 

Annales scientifiques de T University de Jassy. 

Annales de la Society Scientifique de Bruxelles. 

Apotheker-Zeitung. 

Arboiten der Biologisches Reichanstalt fur Land- und Forstwirt- 
schaft. 

Arbeitsphysiologie. 

Archives de Biologic. 

Archiv. fiir das Eisenhiittenwesen. 

Archiv fiir experimentelle Pathologie Pharmakologie. 

Archivio di Farmacologia sperimentale e Scienze affini. 

Archiv fur Gewerbepathologie und Gewerbehygiene. 

Archiv der Hygiene und Bakteriologie. 

Archives of Internal Medicine. 

Archives intemationales de Physiologic. 

Archivio dello Istituto Biochimico Italiano. 

Archiv fiir Mikrobiologie. 

Archives de Minyralogie de la Sociyte des Sciences de Varsovie 
(Archivum Mineralogiczne Towarzystwa Naukowego Warszaws- 
kiego). 

Archives Nyerlandaises de sciences exaotes et naturelles. 

Archives Nyerlandaises de Physiologic de THomme et des Animaux. 
Archiv. fiir Pflanzenbau. 

Archiv der Pharmazie. 

Archiv fiir Protistenkunde. 

Archives des Sciences physique et natureUes. 

Archief voor de Suikerindustrie in Nederlandsoh-Indie. 

Archiv fiir Tieremahrung und Tierzucht. 

Archiv fiir Warmewirtschaft. 

Arizona Agricultural Experiment Station Bulletin. 

Arkiv f6r Kemi, Mineralogi och Geologi. 

Astrophysics Journal. 

Atti della Reale Aocademia Nazionale dei Lincei. 

Atti della Reale Accademia delle Scienze di Torino. 

Australian Journal of Experimental Biology and Medicine. 

British Chemical Abstracts. B.—^Applied Chemistry. 

British Patent. 

Berichte der deutschen chemischen Gesellschaft. 

Beriohte der deutschen botanisohen Gesellschaft. 

Berichte der Gesellschaft fiir Kohlentechnik. 

Beriohte iiber die Verhandlungen der Sachsisohen Akademie der 
Wissensohaften zu Leipzig. 

Berichte des Ukrainischen Vt^issenschaftlichen Forschungsinstituts 
fiir physikalische Chemie, 

Berliner klinisohe Wochenschrift. 

Biedermann^s Zentralblatt. 

Biedermann’s Zentralblatt (Tieremahrung). 

Biochemical Journal. 

Biochemische Zeitsohrift. 

Biochimia. 

Bodenkunde und Pflanzenernahrung. 

Boletin de la Academia Nacional des Ciencias, Cordoba. 

Boletin de la Sooiedad Quimioa del Peru. 

BoUettino Chimico-Farmaceutico. 

Bolletino della Sezione Italiana. 

BoUettino deUa Society Geologica Italiana. 

BoUetino della Society Italiana di Biologia sperimentaUa. 

BoUettino deUa Society. Medico-Chirurgica, Pavia, 

BoUettino Uffioiale della R. Stazione Sperimentale per ITndustria 
delle Essenze e dei Derivati dagli Agrumi in Reggio Calabria. 
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Boll, Uff. Staz, Sperim, Jnd, R. Stazione Sperimentale per ITndustria delle Pelli e delie materie 
Pelli. oonoianti, BoUettino Uffioiale. 

BoL Archiv .Botanisches Arohiv. 

Bot Oaz .Botanical Gazette. 

Braes, Malt .Brasserie et Malterie. 

Brau- u. Malzind, . . . Bran- n. Malzindustrie. 

BraunkohU .Braunkohle. 

Braunhohhnarchiv , . . Braunkohlenarchiv. 

Brennetoff-Chem, . . . Brennstoff-Chemie. 

Brewers' J .Brewers’ Journal. 

Brit, Dental J .British Dental Journal. 

Brit, Chiiana Dept, Agric, 

Bvll .British Guiana Department of Agriculture Bulletin. 

Brit, J. Exp, Path. . . . British Journal of Experimental Pathology. 

Brit. J. Phot .British Journal of Photography. 

Brit, J. Phys. Med. . . . British Journal of Physical Medicine. 

Brit. Med. J .British Medical Journal. 

Brit. Plastics .British Plastics and Moulded Products Trader. 

BvX. Chim .Buletinul Chimie. 

Bui. Chim. 8oc, Romdne . Buletinul de Chimie pura si aplicata al Societatii Romane de Chimie. 
Bui. Soc. Chim. Romdnia . Buletinul Societ&tii de Chimie din Rom&nia. 

Bui. Soc. Fiz. Romdnia . . Buletinul Bilunar al Sooiet&tii de Fizic& din Romania, 

Bui. Soc. Romdne Stiin. . Buletinul Societatii Romane do Stiinto. 

Bull. Acad. Mid. Roumanie Bulletin de FAcad^mie do M6docine de Roumanie. 

Bull. Acad. Polonaise . . Bulletin Internationale de I’Acad^mie Polonaise des Sciences ot des 

Lettres. 

Bull. Acad. roy. Belg. . . Academie royalo do Belgique—BuUotin de la Classe des Sciences. 

Bull. Acad, Sci. Agra do 

Oudh .Bulletin of the Academy of Sciences of Agra and Oudh. 

Bull, Acad. Sci. Roumaine . Bulletin de la Section Scientifique de TAcaddmie Roumaine. 

Bull. Acad. Sci. U.R.S.S. . Bulletin de FAcademic des Sciences de FUnion des R6publiques 

Sovi6tiques Socialistes. 

Bull, Agric. Chem. Soc. 

Japan .Bulletin of the Agricultural Chemical Society of Japan. 

Bull. Amer, Ceram. Soc . Bulletin of the American Ceramic Society. 

Bull. Assoc. Chim. Suer. . Bulletin de FAssociation dos Chimistos de Sucrerie et do Distillorie. 
Bull. Biol. Mid. exp. 

U.R.S.S .Bulletin de Biologie et M6decine exp6rim6ntalo do FU.R.S.S. 

Bull. Chem. Soc. Japan . Bulletin of the Chemical Society of Japan. 

Bull. Dept. Agric. Kenya . Bulletin of the Department of Agriculture of Kenya. 

Bull, Dept, Agric. South 

Africa .Bulletin of the Department of Agriculture of South Africa. 

Bull. Entomol, Res. . . . Bulletin of Entomological Research. 

Bull, Forest Exp. Stat. 

Meguro .Bulletin of the Forest Experiment Station, Meguro, Tokyo, 

Bull. Imp. Inst .Bulletin of the Imperial Institute. 

Bull. Inst. Min. Met. . . Bulletin of the Institution of Mining and Metallurgy. 

Bull. Inst. Phys. Chem, Res. Bulletin of the Institute of Physical and Chemical Researcli, Japan 
Japan. (Rikagaku Kenkjqijo Ih6). 

Bull. Inst. Pin .... Bulletin de FInstitut du Pin. 

Bull, Johns Hopkins Hosp. Bulletin of the Johns Hopkins Hospital, 

Bull, Mat. Grasses . . . Bulletin des Mati^res Grasses. 

Bull, Photogrammitrie . . Bulletin de Photogramm6trie. 

BvU, Rubber Growers' Assoc. Bulletin of the Rubber Growers’ Association. 

Bull. School Mines and Met., Bulletin of the School of Mines and Metallurgy, University of 
Univ, Missouri. Missouri. 

Bull. Sci. Pharmacol. , . Bulletin des Sciences Pharmacologiques. 

Bull. Sericult. Japan . . Bulletin of Sericulture and Silk Industry, Japan. 

Bull, Soc. chim .Bulletin de la Sooi4t6 chimique de Prance. 

Bull, Soc, chim. Belg. . . Bulletin de la Sooi4t4 chimique de Belgique. 

Bull. Soc. Chim, bid. . . Bulletin de la Sooi6t6 de Chimie biologique. 

BuU. Soc, Chim, Yougoslav, Bulletin de la Soci^t6 Chimique du Royaume de Yougoslavie. 

Bull. Soc, d'Encour,, , , Bulletin de la Soci4t4 d’Encouragement pour FIndustrie Nationale. 

BuU. Soc. Frang, Min. , . Bulletin de la Soci^t^ Fran 9 aise de Min^ralogie. 

Bull, Soc, Fran^. Phot, . . Bulletin de la Sooi6t6 Fran 9 ais 6 de Photographie et de Cin^mato- 

graphie. 

Bull, Soc. Ind, Mulhouse , Bulletin de la Soci6t4 Industrielle de Mulhouse. 

Bull, Soc, Sci. Hyg, aliment. Bulletin de la Sooi4t4 Scientifique d’Hygi^ne alimentaire. 

BuU, U.S, Geol. Survey . . Bulletin of the U.S. Geological Survey. 

Canada Dept. Mines PM. . Canada Department of Mines Publications. 
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Canada Chem . 

Ganad. Otem. Met. . 

Canad. Dairy Ice Cream J. 

Canad. J. lies . 

Caoutchouc et Gutta-Percha . 

Cellulosechem . 

Cement and Lime Manuf. . 

Cereal Chem . 

Chaleur et Ind . 

Chem. Age . 

Chem. App . 

Chem. Eng. Min. liev. . 

Chem. Erde . 

Chem. Fabr . 

Chem. and Ind . 

Chem, Ind . 

Chem. Listy . 

Chem. Met. Eng. 

Chem. Soc. Annual Rep. 

Chem. Obzor .i 

Chem, Social. Agric. 

Chem. Trade J . 

Chem. Weekblad .... 

Chem. Zentr . 

Ghem.-Ztg . 

Cheshunt Agric. Exp. Sta. 

Ann. Rep . 

Chim. e Vlnd . 

Chim. et Ind . 

Chinese Med. J . 

Chinese J. Physics. . 

Chinese J. Physiol. . 

Coal Age . 

Coal Carbonisation 

Coll. Czech, Chem. Comm. . 

Coll. Eng . 

Coll. Guard . 

Collegium . 

Colorado Agric. Exp. Sta, 

Bull . 

Combustion . 

Compt. rend . 

Compt. rend. Acad. Agric. 

France . 

Compt. rend. Acad. Sci. 

U.R.S.8 . 

Compt. rend. Soc. Biol. . 
Compt. rend. Trav. Lab. 

Carlsberg . 

Contr. Boyce Thompson Inst. 
Cornell fjniv. Agric. Exp. 

Sta. Bull . 

Current Sci . 

Cyprus Agric. J. ... 

I^iry Ind . 

Dansh Tidsskr. Farm. . 
Delaware Agric. Exp. Sta. 

Bull . 

Dept. Chem. S. 4.ustralia, 

Bull . 

Deut. med. Woch. 

Deut, Zuckerind .... 
Eczst Mailing Res. Sta., Ann. 

Bepts., etc . 

Ecology . 

Econ. Proc. Roy, Dubl. Soc. 
Empire Cotton Growing Rep, 
Exp, Sta . 


Canadian Chemistry and Process Industries. 

Canadian Chemistry and Metallurgy. 

Canadian Dairy and Ice Cream Journal. 

Canadian Journal of Research. 

Le Caoutchouc et le Gutta-Percha. 

Cellulosechemie. 

Cement and Lime Manufacture. 

Cereal Chemistry. 

Chaleur et Industrie. 

Chemical Age. 

Chemische Apparatur. 

Chemical Engineering and Mining Review. 

Chemio der Erde. 

Die Chemische Fabrik. 

Chemistry and Industry. 

Chemische Industrie. 

Chemick6 Listy pro Vedu a Prlimysl. Organ de la “ Ceska ohemioka 
Spolodnost pro Vedu a Prumysl.” 

Chemical and Metallurgical Engineering. 

Annual Reports on the Progress of Chemistry. 

Chemioky Obzor. 

Chemisation of Socialistic Agriculture (U.S.S.R.). 

Chemical Trade Journal. 

Chomisch Weekblad. 

Chomisches Zentralblatt. 

Cheraiker-Zeitung. 

Cheshunt Agricultural Experiment Station Annual Reports. 

La Chimioa e ITndustria. 

Chimie et Industrie. 

Chinese Medical Journal. 

Chinese Journal of Physios. 

Chinese Journal of Physiology. 

Coal Age. 

Coal Carbonisation. 

Collection of Czechoslovak Chemica Communications. 

Colliery Engineering. 

Colliery Guardian. 

Collegium. 

Colorado Agricultural Experiment Station Bulletin, 

Combustion. 

Comptes rendus hebdomadaires dos Stances de I’Acad^mie dos 
Sciences. 

Comptes rendus hebdomadaires des Stances de 1’Academic 
d’Agriculture de Franco. 

Comptes rendus de I’Academie des Sciences de I’U.R.S.S. 

Comptes rendus des S6ance8 de la Soci6t6 de Biologie. 

Comptes rendus des Travaux du Laboratoire Carlsberg. 
Contributions from Boyce Thompson Institute. 

Cornell University Agricultural Experiment Station Bulletin. 
Current Science. 

Cyprus Agricultural Journal. 

Dairy Industry. 

Dansk Tidsskrift for Farmaci. 

Delaware Agricultural Experiment Station Bulletin. 

Department of Chemistry, South Australia, Bulletins. 

Deutsche medizinische Wochensohrift. 

Die Deutsche Zuckerindustrie. 

East Mailing Research Station,. Annual Reports, etc. 

Ecology. 

Economic Proceedings of the Royal Dublin Society. 

Empire Cotton Growing Reports of the Experimental Station. 
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Empire Cotton Growing Rev 
Empire J, Exp, Agric. . 

Engineer . 

Engineering .... 
Efig. and Min. J. 
Enzymologia .... 
Ergebn. Physiol. . 
Erndhrung .... 
Erndhr. Pflanze . 

F.P . 

Facts about Sugar 
Farbe u. Loch 
Farben-Chem. 

Farben-Ztg . 

Faroe og Lak 
Fermentforsch. 

Feri. Feeding Stuffs J. . 
Fette u. Seifen . 

Feuerfest . 

Feuerungsiech. 

Finska Kem. Medd. 

Flora . 

Florida Agric. Exp. Sta 

Bull . 

Food . 

Food Manuf. 

Food Res . 

Forsiarchiv .... 
Fcmndry Trade J. 

Fruit Prod. J. . . . 

Fuel . 

Fusl Econ . 

Fuel Econ. Rev. . 

O.P . 

Gas Ind . 

Gas J . 

Gas Times .... 
Gas- u. Wasserfach . 

Gas World .... 

Gazzetta . 

Geol. Mag . 

Georgia Agric. Exp. Sta 

Bull . 

Ges. Abh. Kennt. KoMe . 

Glass Ind . 

GlasshUtte .... 

Glilckauf . 

Gummi-Ztg . 

Hawaii Agric. Exp. Stat 

Bull . 

Helv. Chim. Acta 
Hilgardia .... 
Imp. Bur. Soil Sci. Tech 

Comm . 

Indian J. Agric. Sci. 

Indian J. Med. Res. 

Indian J. Physics . 

Indian J. Vet. Sci. . 

Indian Lac Res. Inst. Bull. 
India-rubber J. . , . 

Ind. Ghem . 

Ind. Eng. Chem. . . 

Ind. Eng. Chem. [Anal."] 

Int. Rev. Agric. . 

Int. Sugar J. ... 

Iron Age . 

Ircm Steel Inst. Camegi 
Schol. Mem. . 

J.G.S . 


Empire Cotton Growing Review. 

Empire Journal of Experimental Agriculture. 

Engineer. 

Engineering. 

Engineering and Mining Journal. 

Enzymologia. 

Ergebnisse der Physiologie. 

Die Emahrung. 

Emahrung der Pflanze. 

French Patent. 

Facts about Sugar. 

Farbe und Lack. 

Far bon- Chemikor. 

Farben-Zeitung. 

Farve og Lak. 

Fermentforschung. 

Fertiliser, Feeding Stuffs and Farm Supplies Journal. 

Fette und Seifen. 

Feuerfest. 

Feuerungstochnik. 

Finska Kemistsamfundets Moddelanden (Suomen Kemistiseuran 
Tiedonantoja). 

Flora. 

Florida Agricultural Experiment Station Bulletin. 

Food. 

Food Manufacture. 

Food Research. 

Forstarchiv. 

Foundry Trade Journal. 

Fruit Products Journal. 

Fuel in Science and Practice. 

Fuel Economist. 

Fuel Economy Review. 

German Patent, 

Gas Industry. 

Gas Journal. 

Gas Times. 

Gas- und Wasserfach. 

Gas World. 

Gazzetta ohimica italiana. 

Geological Magazine. 

Georgia Agricultural Experiment Station Bulletin. 

Gesammelte Abhandlungen der Kenntnis der Kohle. 

Glass Industry. 

Die Glasshutte. 

Gliickauf. 

Gummi-Zeitung. 

Hawaii Agricultural Experiment Station Bulletins. 

Helvetica Ghimica Acta. 

Hilgardia. 

Imperial Bureau of Soil Science, Technical Communications. 

Indian Journal of Agricultural Science. 

Indian Journal of Medical Research. 

Indian Journal of Physics. 

Indian Journal of Veterinary Science. 

Indian Lao Research Institute Bulletin. 

India-rubber Journal. 

Industrial Chemist. 

Industrial and Engineering Chemistry. 

Industrial and Engineering Chemistry, Analytical Edition. 
International Review of Agriculture. 

International Sugar Journal. 

Iron Age. 

Iron and Steel Institute, Carnegie Scolarship Memoirs. 

Journal of the Chemical Society. 
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Jahrh. geol, Reichmnst. . . Jahrbuoh dor geologischen Reiohsanstalt. 

Jahrh. Min. , . . . Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. 

Jahrb. Min. Beil.-Bd. . . Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie, 

Beilage-Band. 

Jahrb. RadioaUiv. . . . Jahrbuch der Radioaktivitat und Elektronik. 

Jahrb. wiss. Bot. . . . Jahrbuoh fiir wissensohaftliohe Botanik. 

Japan. J. Med. Set. . . Japanese Journal of Medical Sciences. 

Japan. J. Physics . . . Japanese Journal of Physios. 

Japan Nickel Rev. . . . Japan Nickel Review. 

J. Agric. Chem. Soc. Japan Journal of the Agricultural Chemical Society of Japan. 

J . Agric. Rea .Journal of Agricultural Research. 

J. Agric. Sci .Journal of Agricultural Science. 

J. Amer. Ceram. Sac. . . Journal of the American Ceramic Society. 

J. Amer. Chem. Soc. . . Journal of the American Chemical Society. 

J. Amer. Leather Chem. 

Assoc .Journal of the American Leather Chemists’ Association. 

J. Amer. Med. Assoc. . . Journal of the American Medical Association. 

J. Amer. Pharm. Assoc. . Journal of the American Pharmaceutical Association. 

J. Amer. Soc. Agron. . . Journal of the American Society of Agronomy. 

J. Amer. Soc. Mech. Eng. . Journal of the American Society of Mechanical Engineers. 

J.Amer. Water Works Assoc. Journal of the American Water Works Association. 

J. Appl. Chem. Russia . . Journal of Applied Chemistry, Russia. 

J. Appl. Physics . . . Journal of Applied Physios (formerly Physics). 

J. Assoc. Off. Agric. Chem. . Journal of the Association of Official Agricultural Chemists. 

J. Austral. Inst, Agric. Sci. Journal of the Australian Institute of Agricultural Science. 

J . Bc^t .Journal of Bacteriology. 

J. Btochem. Japan . . . Journal of Biochemistry, Japan. 

J. Biol, Chem .Journal of Biological Chemistry. 

J. Brit. Dairy Farmers^ 

Assoc .Journal of the British Dairy Farmers’ Association. 

J. Brit. Wood Pres. Assoc. . Journal of the British Wood Preserving Association. 

J. Canad. Min. Inst. . . Journal of the Canadian Mining Institute. 

J. Cancer Res. Comm. Journal of the Cancer Research Committee of the University of 
Sydney. Sydney. 

J. Cell. Comp. Physiol. , . Journal of Cellular and Comparative Physiology. 

J. Cellulose Inst. Tokyo . . Cellulose Industry, Journal of the Cellulose Institute, Tokyo. 

J.Ghem.Educ. . . . . Journal of Chemical Education. 

J. Chem. Eng. China . . Journal of Chemical Engineering, China. 

J. Chem. Ind. Russ. . . Journal of Chemical Industry, Russia. 

J. Chem. Met. Soc. S. Africa Journal of the Chemical, Metallurgical, and Mining Society of South 

Africa. 

J. Chem. Physics , . . Journal of Chemical Physics. 

J. Chem. Soc. Japan . . Journal of the Chemical Society of Japan. (Nippon Kwagaku 

Kwai Shi.) 

J. Chim. phys .Journal de Chimie physique. 

J. Chinese Chem. Soc. . . Journal of the Chinese Chemical Society. 

J, Cell. Agric. Hokkaido . Journal of the College of Agriculture, Hokkaido Imperial University, 

Japan. 

J. Coll. Agric. Tokyo . . Journal of the College of Agriculture, Imperial University of Tokyo, 

Japan. 

J. Coll. Eng. Tokyo . . . Journal of the College of Engineering, Imperial University of 

Tokyo. 

J. C^l. Sci. Tokyo . . . Journal of the College of Science, Imperial University of Tokyo. 

J. Counc. Sci. Ind. Res. Journal of the Council of Scientific and Industrial Research of 
Australia, Australia. 

J. Dairy Res .Journal of Dairy Research. 

J. Dairy Sci. .... Journal of Dairy Science. 

J. Dcp<. Agric. I.F.S. . . Journal of the Department of Agriculture of the Irish Free State. 

J, Dept. Agric. Kyushu . . Journal of the Department of Agriculture, Kyushu Imperial 

University. 

J, Dejp<. Agnc. S.^ Australia Journal of the Department of Agriculture, South Australia. 

,/. l^pt. Agric. Victoria. . Journal of the Department of Agriculture, Victoria. 

T m Journal of the Department of Agriculture, Western Australia. 

J. Ecology ..... Journal of Ecology. 

J. Econ. Entomol. . . . Journal of Economic Entomology. 

J, ^ypi’ Med. Assoc. . . Journal of the Egyptian Medical Association. 

J. Mectre^p. Tech. Soc. , Journal of the Electrodepositors Technical Society. 

T .Journal of Experimental Biology. 

J. Exp. Med .Journal of Experimental Medicine. 

J, Irankltn Inst, » . . Journal of the Franklin Institute. 
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J, Fuel Soc. Japan . . . Journal of tho Fuel Society of Japan. 

J. Gen, Chem. Buss. . . Journal of General Chemistry, Russia (formerly J. Russ. Phys. 

Chem. Soc.). 

J. Oen. Physiol .Journal of General Physiology. 

J. Oeol .Journal of Geology. 

J. Oeol. Soc. Tokyo . . . Chishitsugaku Zasshi (Journal of the Geological Society of Tokyo). 

J. Hygiene .Journal of Hygiene. 

J. Indian Chem. Soc. . . Journal of the Indian Chemical Society. 

J. Indian Inst. Sci. . . . Journal of the Indian Institute of Science, 

J. Ind. Hyg .Journal of Industrial Hygiene and Toxicology. 

J. Infect. Dis .Journal of Infectious Diseases. 

J. Inst. Brew .Journal of tho Institute of Brewing. 

J. Inst. Electr. Eng. . . . Journal of the Institution of Electrical Engineers. 

J. Inst. Fuel .Journal of the Institute of Fuel. 

J. Inst. Metals .... Journal of tho Institute of Metals. 

J. Inst. Petroleum Tech. . Journal of the Institution of Petroleum Technologists. 

J. Inst. Sewage Purif. . . Journal of the Institute of Sewage Purification. 

J. Iron and Steel Inst. . . Journal of the Iron and Steel Institut-e. 

J. Jap. Ceram. Assoc. . . Journal of the Japanese Ceramic Association. 

J. Landw .Journal fur Landwirtschaft. 

J. Marine Biol. Assoc. . . Journal of the Marino Biological Association of the United Kingdom, 

J. Med. Res .Journal of Medical Research. 

J. Min. Agric .Journal of tho Ministry of Agriculture. 

J. Min. Agric, N. Ireland . Journal of the Ministry of Agriculture of Northern Ireland, 

J. New England Water 

Works Assoc .Journal of the New England Water Works Association. 

J. Nutrition .Journal of Nutrition. 

J. Oil Col. Chem. Assoc. . Journal of tho Oil and Colour Chemists’ Association. 

J. Opt. Soc. Amer. . . . eJournal of the Optical Society of America. 

J. Org. Chem .Journal of Organic Chemistry. 

J. Path. Bact .Journal of Pathology and Bacteriology, 

J. Pharm. Chim. . . . Journal do Pharmacie et de Chimio. 

J. Pharm. Exp. Ther. . . Journal of Pharmacology and Experimental Therapeutics. 

J. Pharm. Soc. Japan . . Journal of the Pharmaceutical Society of Japan. (Yakugakuzasshi.) 

J. Physical Chem. . . . Journal of Physical Chemistry. 

J. Phys. Chem. Russ. . . Shurnal Fizitscheskoi Chimii. 

J. Physiol .Journal of Physiology. 

J. Physiol. Path. gin. . . Journal de Physiologie et do Pathologic g6n6rale, 

J. Phys. Radium . . . Journal de Physique et lo Radium. 

J. Pomology .Journal of Pomology and Horticultural Science. 

J, pr. Chem .Journal fiir praktische Chemie. 

J. Proc. Asiatic Soc. Bengal Journal and Proceedings of the Asiatic Society of Bengal. 

J. Proc. Austral. Chem. Inst. Journal and Proceedings of the Australian Chemical Institute. 

J. Proc. Roy. Soc. New South 

Wales .Joumal and Proceedings of tho Royal Society of New South Wales. 

J. Res. Nat. Bur. Stand. . Journal of Research of the National Bureau of Standards. 

J. Roy. Agric. Soc. . . , Journal of the Royal Agricultural Society. 

J. Roy. Hort. Soc. . . . Journal of the Royal Horticultural Society. 

J. Roy. Microscop. Soc. . Journal of the Royal Microscopical Society. 

J. Roy. Soc, West Australia Journal of the Royal Society of West Australia. 

J. Roy. Tech. Coll. . . . Journal of the Royal Technical College (Glasgow). 

J, Rubber Res .Journal of Rubber Research. 

J. Rubber Res, Inst. Malaya Journal of the Rubber Research Institute of Malaya. 

J, Sci. Hiroshima Univ. . Journal of Science of the Hiroshima University. 

J. Sci, Instr .Journal of Scientific Instruments. 

J. Sci. Tech, India . . , Journal of Science and Technology, India. 

J. Scot. Met. Soc. . . . Journal of the Scottish Meteorological Society. 

J. Soc. Arts .Journal of the Royal Society of .^ts. 

J.S.CJ .Journal of the Society of Chemical Industry. 

J. Soc. Chem. Ind. Japan . Journal of the Society of Chemical Industry, Japan. (Kogyo 

Kwagaku Zasshi.) 

J. Soc. Dyers and Col. . . Journal of the Society of Dyers and Colourists. 

J, Soc. Glass Tech. . . . Journal of the Society of Glass Technology. 

J. Soc. Leather Trades^ 

Chem .Journal of the International Society of Leather Trades’ Chemists. 

J. S, African Chem. Inst. . Journal of the South African Chemical Institute. 

J. South-East. Agric. C6U. . Journal of the South-Eastern Agricultural College, Wye, Kent. 

J. State Med .Journal of State Medicine. 

J. Text. Inst .Journal of the Textile Institute. 

J. Univ, Bombay . . . Journal of tho University of Bombay. 
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J. Unines Oaz .... 
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A DICTIONAEY OP 
APPLIED CHBMISTEY. 

C— continued. 


CHEMICAL CALCULATIONS. There 
are methods of saving time in calculating which 
although well known in some circles are not, it 
seems, so widely used as they deserve. The 
object of this article is to give a selection of 
methods, mainly of technical interest, used for 
various purposes. 

Weighing by Swings.—A graph may be kept in 
the balance case on which is plotted the deflection 
caused by 1 mg. at different loads. On pajier 
ruled in tenths of an inch with milligrama as 
ordinates and scale divisions as abscissae, 
lines are ruled from 0 through the points indica¬ 
ting the deflections caused by 1 mg. at loads of 
100, 60, 10, 1 g. Reference to the appropriate 
line will enable the final mg. of the weight to be 
read off without calculation. 

Simplified Division of the type 124*712/99*926 
may be carried out by adding 0*074 to the 
denominator and a proportionate number x 
to the numerator so that the fraction becomes 
(124*712-f-a:)/100. If X-0-07X 12/10=0*084, the 
quotient is 1*24796; if x=0*074x 126/100= 
0*092, the quotient is 1*24804. Calculated with 
five-figure logarithms the original division yields 
1*2480, with seven-figure logarithms 1*24804. 
Since the fifth and fourth decimal places have 
usually no significance in technical work, the 
approximation is satisfactory. 

Assay Ton .—This is an instance of a general 
method of avoiding calculations by the choice of 
a suitable weight of sample for analysis ; for 
instance, in the analysis of ores of gold and silver 
where the amount of precious metal is expressed 
in oz. troy per ton of 2,000 lb. avoirdupois. 
If the weigh-out is 29*1666 g., the number 
of milligrams of silver or gold found is also the 
number of oz. troy per ton, since this ton con¬ 
tains 29166*6 oz. troy. Similarly, grains of x per 
gallon of a water may be estimated by titrating 
70 ml. of the sample with a standard solution 
of which 1 ml.=l mg. x, since 1 Imperial gallon 
of water weighs 70,000 grains. In each of the 
examples given 1 mg. is the same fraction of the 
amount t^en for analysis as is the smaller of 
the two commercial units of the larger. 

Mixtures. —method of calculating the 
quantities of two solutions, A (of higher con¬ 
centration, a) and B (of lower concentration, 6) 

VoL. in.—*1 


required to form a mixture of intermediate 
concentration c is shown by the diagram, which 

a —> {c — •h'j 



h -> (a—c) 

indicates that the mixture consists of (c—6) 
parts of A and {a—c) parts of B. The symbols 
a and h may indicate normality or other measured 
property which is proportional to the con¬ 
centration. Parts by volume may be used 
when there is no volume change on mixing. 
B may be water or a pure solvent of concen¬ 
tration 0. 

H. Mager (Chem.-Ztg. 1910, 34, 866) has 
published a collection of mixture-formulie. 
The quantities of A and B required (symbols 
as in the preceding formula) for preparing a 
stated quantity M of a specified intermediate 
concentration c are given by the equations 
x=M(c~^*)/(a~6), where x=part8 of A, and M—x 
=parts of B. When a given number N of parts of 
B have to bo made up to a mixture of concentra¬ 
tion c, by adding x parts of A, x=N(c--ft)/(a—c). 

In the case that the two solutions A and B 
contain different solutes and that M parts of a 
mixture are required containing the solutes in 
the new proportions a'lb\ x~M.a'bl{a'b+h'a), 
The corresponding problem with three solutions 
A, B, and C, of concentrations a, 6, and c 
respectively when the specified quantity M of 
mixture is to contain the solutes in the propor¬ 
tions a* lb' i c' is solved by the equations 

XA.=Ma'6c/(a'6c-f b'ac+ c'aJb), 
xb ==M6'ac/(a'6c-f 6'ac+ c'ab ). 
Xo=M~(XA-f«Ij). 

H. G. Nevitt (Chem. Met. Eng. 1932, 89 , 
673) gives two charts and one table of formulas 
for “ weighted per cent, calculations,” that is, 
the conversion of weight per cent, into mols. per 
cent., volumes per cent., etc. 

100 

The general formula is ? °r +MlW-P]/P ) 

where P=original % of the lighter component, 
P'asweighted % of the lighter component. 
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B«eweightmg ratio Wh/Wl, where Wi^weight- 
ing of the lighter component (mol. wt. etc.), 
Wh weighting of the heavier component (moJ. 
wt. df etc.). 

The formula for calculating molal per cent, is 

^““1+B(tl00-Vw]/Pw) PH=inolal % of 
the component of lower mol. wt. ; Pu=molal 
% of the component of higher 
mol. wt. ; Pw=weight % of the 
component of lower mol. wt. ; 

Mi,=mol. wt. of preceding com¬ 
ponent ; Mil"mol. wt. of com¬ 
ponent of higher mol. wt. ; 

R=weighting ratio ^Ml/Mh. 

Example : Component A, wt. 

% 20, mol. wt. 18 ; component 
B, wt. % 80, mol. wt. 32 ; then 
molal % A 

_ 

“ 1+18/32x80/20 
=30-8 Ph= 100-30-8. 

Volume % ia derived from 
weight % by the following 
formula: 


l-f-R(Lr00-Pw]/Pw)’ 

py== volume % of lighter frac¬ 
tion, Pw~ weight % of lighter 
fraction, I)i,=density or specific 
gravity of lighter fraction, B 
Dh~ density or specific gravity 
of heavier fraction, R-Dl/Uh. 
Molal per cent, is calculated 


The same criticism applies to Nickel’s graph of 
percentage and atomic composition of a number 
of aliphatic carbon compounds. 

Triangular Charts are used for representing the 
percentages of the three components of a 
ternary mixture or alloy. 

Each side of the equilateral triangle is con¬ 
sidered to bo divided into 100 equal parts and 



P 

Fig. 1. 


from volume per cent, by substituting P'm for 
P', P'v for P, and for K in the general formula; 
hero P'v—volume % of lower ratio fraction, 
P'm— molal % of lower ratio-fraction, and R'= 
MlX 11h/(IIlXMh), the hitters L and H referring 
to the fraction having the lower, L, or higher, 
H, ratio of mol. wt. to density M/D. 

The calculation of the atomic percentages 
of two components of an alloy is discussed 
by Desoh {v. Bibliography, op. cit. 14). If 
a and h are the atomic weights, p the percent¬ 
age of the element of atomic w eight a, and x 
its atomic percentage, a:/100-x=a/6xp/100—p. 
For these calculations, C. S. Smith (Araer. Inst. 
Min. Met. Eng. 1933, Contribution 60) has 
published tables of log ar/lOO-a: and of log tt/6. 
The equation is a:=100p/(p+a/i>)(100-p) ; c/. 
Pm supra. 

The graphs published by E. Nickel (Z. 
physikal. Chem. 1892, 10, 460, 621) include a 
chart showing the connection between the per¬ 
centage composition and the molecular com¬ 
position of soda-lime glasses of the general 
formula wNaaO+wCaO-fpSIOj. He writes 

w62 : n56 :p60-ar%NaaO : y%CaO : z%SiOa, 

and n=«l since relative values only are required ; 
then 7n62/a:-=66/y-p60/z and a-fy-f z=100. The 
graph has Na^O^ as ordinates and CaO% 
as abscissae and radial lines are drawn from 0 
marked with molecular proportions of CaO and 
N ajO. The disadvantage of the graph is that for 
practical use it must be drawn on a large scale. 


lines are drawn through each actual 10th division 
parallel to the sides. The three vertices A, B, 
and C represent the pure substances or 100% 
of A, B, and C respectively. Points on a side 
Alcohol 



Ethyl acetate Benzene 

Fig. 2. 

indicate the composition of binary mixtures ; 
any point within the triangle corresponds to a 
mixture of three substances. The point m 
on the side AB shows a mixture of 90% B and 
10% A. The point X represents the mixture 
containing 23% A, 16% B, and 62% C. The 
preparation of such charts is greatly simplified 
by the use of specially ruled paper. 
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Cochrane and Leeper (J.S.CJ. 1927, 46, 118T) 
in their study of the relative viscosities of nitro¬ 
cellulose solutions in mixtures of three solvents 
used triangular graphs to record the com¬ 
position of the mixtures, and as shown in Fig. 2 
drew lines on the graph joining points corre¬ 
sponding to mixtures possessing the same 
relative viscosity. The graph shows clearly the 
effect of alcohol and of benzene in mixtures 
containing ethyl acetate as the third constituent. 

W, Hume-Rothery (J. Inst. Metals, No. 2, 
1933, 52, 131 ; C. H. Desch, v. Bibliography) 


gives a graphical method of converting percent¬ 
ages by weight a, 6, and c, of three elements, 
into atomic percentages, the atomic weights 
being Wa^ w^y and Wc. 

The relative numbers of atoms are 

alwa'.blwbicjwc . . . . ( 1 ) 

whence 

alwaXWaiblwbXWax/wcXWa . . ( 2 ) 

or aXl:bxwalwb~B:cXWalwc—C . (3) 

The atomic percentages of the three elements 
are obtained by dividing 100a, lOOB, and lOOC, 
in each case by 

a+B+C .... (4) 

In the graphical method, with 60° triangular 
ruled paper, the percentage composition of the 
alloy is represented by the point P in the 
equilateral triangle ABC of height 100 units. 
The weight percentages of A, B, and C are given 
by PX=a units, PY=5 units, and PZ—c units 
(c/. Fig. 1). In accordance with equation (3) 
the points y in PY and z in PZ are then marked 
80 that By^BYXwalmf and Bz—BZxwalwc> 
Through y and z lines drawn parallel to AC and 
AB respectively form the equilateral triangle 
o^y. In this triangle the position of the point P 
corresponds to the atomic composition, since 


PX, Py, and Pz are in the ratio of equation (3); 
measurement of these lengths enables the 
calculation (4) to be carried out. These opera¬ 
tions may be avoided by finding a new point p 
within the triangle ABC geometrically similar to 
P in the triangle a^y. This point is found by 
drawing through B and C lines parallel to jSP 
and yP respectively which meet at p. The 
atomic composition is given by the position of 
the point p relative to the triangle ABC. 

Graphic Mepresentation by Two Adjacent 
Scales .—The familiar example is a thermometer 
graduated in Fahrenheit and Centi¬ 
grade scales. Double scales are 
easily constructed from an ordinary 
graph, e.g. from the curve connect¬ 
ing the vapour tension of water 
(abscissae) with the temperature 
(ordinates). The values of vapour 
tension for each degree Centigrade are 
road off and marked on the right 
hand side of the temperature axis, 
where they form an unevenly divided 
scale. Such a scale 22 cm. long for 
temperatures from 6° to 26°, and 
pressures from 7 mm. to 25*4 mm., 
graduated to 0*2°C. and 0-2 mm. is 
sufficiently accurate for ordinary pur¬ 
poses. 

Nomograms {v. Bibliography).—In 
many cases an equation is solved by 
drawing throe (or more) vertical axes 
graduated with appropriate numerical 
or logarithmic scales. In use a ruler 
is placed on the diagram to join 
observed values on the marginal 
C scales; the imaginary lino intersects 
the third axis at a point on its scale 
giving directly the required per¬ 
centage, volume, etc. The accuracy 
obtained is about that of a slide 
rule for an axis of the same length but may 
be increased as required by drawing a portion of 
the graph on a larger scale. 

Useful charts have been designed by H. G. 
Doming (Ind. Eng. Chem. 1916, 8, 264 ; v, also 



Fiq. 4. 

Bibliography); of these Figs. 4 and 5 have been 
selected. Fig. 4 is a chart for the conversion 
of a given weight of one substance to the equi¬ 
valent weights of a number of others ; it solves 
the equation y=aa; for different values of a. 
The ordinate scale on the left-hand margin 


A 



B j3 X y 


Fia. 3. 

(Reproduced by permission of the Institute of Metals.) 
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reads 1 ciu.^1 mg., and on the right, 1 cm,=10 
milliraols. Along the horizontal axis measured 
distances in cm. from 0 are equal to one-fifth 
of the molecular weight of the compounds ; 
from the points thus located, vertical axe.s are 
drawn marked with the formulsp, e,g. the CaO 
axis is placed l/5x r)(>*0=--11*2 cm. from 0. To 
find the weight of COo equivalent to 100 mg. of 


KjO, a lino is drawn from 0 through the point 
on the KgO axis corresponding to 100 mg., 
which cuts the COgaxis at 47 mg., which is the 
required equivalent weight. The same line 
cuts the right hand ordinate at 1*06 millimols., 
which is the molecular equivalent of 100 mg, 
KgO and of 47 mg. COg. 

At 22*4 cm. from 0 a perpendicular axis may 
be drawn graduated with a scale 1 cm.=2 litres. 
If the left hand axis is read in g. of gases it will 
be seen that g. mols. lie on a line Joining 0 and 
22*4 L. on the volume axis. Volumes corre¬ 
sponding to other weights are read off, by 
joining () with the weights on the ordinate of each 
gas and observing the intercept on the volume 
axis. If the left-hand axis is read not in g. but in 
oz. avoirdupois, the readings on the volume axis 
are in cubic feet. This conversion follows from 
the fact that 1 oz. av.=28*35 g. and 1 cu. ft.= 
28*31 btres; 22*4x28*35/28*31, or 22*4 cu. ft. is the 
volume at N.T.P. of the molecular weight in oz. av. 
, The above chart (Fig. 5) has been drawn wdth 
special reference to the specific gravity and 
degree Baum6 of strong sulphuric acid. 

In this chart (Fig. 6) the horizontal axis is 
graduated in lb. or kg., the left hand vertical 
axis in litres and the perpendicular at the right 
hand margin in %H 2 S 04 and degrees B6. 
To find the weight of acid of 66°B6. correspond¬ 
ing to 1,430 lb. of acid of 60'’B6., draw lines 
through 0 to the points corresponding to 60® 
and 66°Be. From the point M corresponding 
to 1,430 lb. rule a vertical line to the 60°B6. line 
at M', thence a horizontal lino which cuts the 
66 ®B6. line at N', the abscissa of this point 
N=1,190 lb. of 66®B6. The original paper 
should be consulted for other uses of the chart. 

Charts showing the proportions required of 
two solutions to form a mixture of specified 
intermediate composition have been published. 
The graph (Fig. 6) was drawn by Hofmann and 


Reid (Ind. Eng. Chem. 1928, 20, 436) to meet 
the requirements of the lacquer industry, 
e.g. 100 gallons of a batch weighing lOJ lb. per 
gallon is to be diluted with a solvent weighing 
7^ lb. per gallon so that the mixture weighs 9J 
lb. per gallon. A line is drawn connecting the 
two vortical scales at the points 9^. A per¬ 
pendicular is drawn to the left hand scale at the 
point 10J which intersects 
the diagonal lino at a point 
from w'hich a perpendicular 
to the horizontal axis in¬ 
dicates the volume of 
solvent required. Mixture- 
charts have been published 
by Wa. Ostwald (Chem.- 
Ztg. 1920, 44, 241), J. S. 
Baker et al. (Ind. Eng. 
Chem. 1934, 26, 910) and 
by O. Liosche (Chem. Fabr. 
1928, 1, 314), and Verlag 
Chemie, Berlin. 

Water Softening .—The 
simple calculations required 
for ascertaining the correct 
quantities of lime and soda 
ash have been reduced to 
a parallel scale chart with 
7 axes by Stratton, Ficklen, 
and Hough (Ind. Eng. Chem. 1932, 24, 180). 
The radial chart for the same purpose pub¬ 
lished by A. Sulfrian (Chem.-Ztg. 1931, 55, 209) 
is overburdened with details. 

Mixed Acids. Nitration Acids .—Four tri¬ 
angular graphs for calculating the proportions 
of waste acid, nitric acid, and sulphuric acid 
have been drawn by E. Berl and his collaborators 
and published by J. Springer, Berlin. Dejmek 



Fig. 6. 


(Physikal. Z. 1928, 29, 907) discusses a logarith¬ 
mic mixture law applicable to the conductivities 
of binary alloys, Cd-Bl, Ag-Pb, and also to the 
viscosity of liquid mixtures. Hofmann and 
Reid (he.) have drawn a radial nomogram 
(Fig. 7) for calculating the viscosity of a mixture 
of two liquids based on the approximation that 
the fluidities, i.e. the reciprocals of the viscosity, 
are additive. 

To ascertain the composition of a mixture 



Pounds or Kilos 

Fig. 5. 
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with the viscosity 3 poises to be prepared by 
mixing two liquids (cellulose lacquers) of 
viscosities 2 and 4 respectively, a straight 
edge is placed on the chart connecting the points 
2 and 4 on the marginal scales, the intersection 
on the line marked 3 gives the proportion 33*3% 
for the 2 poise lacquer. 

Nomograms in Chemical Analysis .— Zn/ZnO. 
St. Keiner (Z. anal. Chem. 1926, 69, 377) 
describes in detail the construction of a nomo¬ 
gram of three vertical axes; readings on the two 
exterior scales represent the weight of sample 
and the weight of zinc oxide respectively, 
these figures if joined by a black thread or a 
line on a celluloid ruler show the percentage 
figure of zinc on the interior axis. The con¬ 
struction of radial charts of tlio type of Fig. 7 
is also described by this author. 

S/BaS 04 .—A similar nomogram reading S% 
on the interior axis was published by O. Liesche 
(Chem. Fabr. 1928,1, 161), this graph is drawn 
advisedly for narrow limits of the weight of 
sample, and of barium sulphate, enabling 01% 
to be read between 36% and 44%. 

The paper contains an interesting com})ari8on 
with a chart for the same purpose plotted on 
rectangular co-ordinates. 



Fig. 7. 

86283 and SbgSg/rom S and Sb found ,—The 
diagram replaces calculations in the rubber 
industry {ibid. 463). 

Saponification Values .—A chart in wdiich this 
number can bo read directly is contained in 
“ Kechenverfahren,” 165 {v. Bibliography). 

Reaction Velocity. —O. Liesche {ibid. 392, 
621, 683) has constructed nomograms in the 
order given, for the relation between the velocity 
of a chemical reaction and the tcmj)orature 
(chloracetic acid-> glycollic acid), the velocity 
of a monomolecular and of a bimolccular 
reaction. 

Dry Weight % from Wet Weight %.—The chart 
by the same author {ibid. 377) for this con¬ 
version avoids a constantly recurring calculation 
in agricultural analysis. 

Reduction of Qas Volumes .—Several authors 
have constructed nomograms for the reduction 
of observed volumes of gas to N.T.P. Hofsass 
(J. f. Gasbeleuchtung, 1916, 58, 49) published a 
diagram which is unfavourably compared by 
Wa. Ostwald (Angew. Chem. 1919, 32, 359) 
with his own chart on which the parallel axes 
for pressure and the reduction factor are divided 
logarithmically. This arrangement is criticised 


by Schwerdt and Loebe (Chein.-Ztg. 1920, 44, 
218), who divide the corresponding axes on their 
chart with a regular scale and as a useful addition 
give 2 double scales for reducing to O'^C. baro¬ 
meter readitigs on glass and brass scales respec¬ 
tively. Their temperature scale is curved on 
account of the correction for vapour tension {v. 
Barr, infra), lleming {l.c.) like Ostwald em¬ 
ploys logarithmic scales, but his chart is too 
small for practical use. Liesche {l.c. 622) 

supplies a chart with particulars of the method of 
construction. F is the sloping axis of‘ correction 
factors, its scale is projected from the 15’ 
point of the t° axis on the left margin, through an 
evenly divided auxiliary scale. The pressure 
axis on the right margin is graduated down¬ 
wards from 700 mm. to 800 mm. The t° axis 
is graduated upwards from 5^’ to 25". The uj)per 
limit of the F scale reads 0-8437, the lover 
limit Fc 1*0336. F^* has abscissa 136-1 

mm., has abscissa 127-0 mm. Distance of a 
point F of the F scale from F^ in 1569 F mm- 

--(1569F- 1400)/(0-5566F+1) 

Key equation x^l{yy-yp) --200/(?/i-yj;). 

F-0*3593^V(273-l + 0- 

p Scale, 200 mm. y;,=(800“p)X2 mm. 
t Scale, mm. yt~{l — i^)X 10 mm. 

F scale, .tf- 200/(0-5556Fh- 1). 

yir (J600-1548F)/{0-5560F+1). 

The length of axes in this chart is about 6-6 cm. 
A chart ior lugher tmnperatures, 200"-! ,000", 
and pressures 10-200 atmospheres has been 
construcited (Liesclm, ibid. 595). 

li. C. Farmer publislied a “ gas calculator,” a 
nomogram for tlie correction of volumes of wet 
and dry gas and also for the logarithm of the 
weight of 1 c.c. if the gas measured is nitrogen 
(Baird and Tatlock, London, out of print), 
Berl and collaborators (?;. Bibliograpliy) have 
drawn a nomogram for corret^ting the volumes 
of w'ct or dry gases. The reduction factor 
ranges from 0-790 to 1-000 on an axis 21-8 cm. 
long. Liesche’s chart, publisheil by Verlag 
Cheraie {v. Bibliography), avoids the use of a 
8e])arate axis I'or wet gases by correcting the 
volume of a wet gas, measured over water, 
by means of a vapour tension scale on one side 
of the temperature axis, which ranging from 
5"-26" is 21 cm. long. Thc‘.re is also a double 
scale on the factor axis, the right hand side 
being graduated in mg. nitrogen. Both Berl’s 
and Liesche’s nomograms, except ibr their 
fragile nature, are well adapted for use in the 
laboratory. 

The method of constructing a gas reduction 
nomogram is discussed by G. Barr, who has 
kindly given his consent to the reproduction of 
the figure (Fig. 8) and description in his publica¬ 
tion (J.S.O.I. 1930, 49, 21T). The following text 
except for two small verbal alterations intro¬ 
duced by Dr. Barr (private communication, 
1 8 / 2 / 38 ) follows the paper cited. 

If parallel logarithmic scales are used for B 
and /, the temperature scale is a straight line, 
divided proportionately to log (l+a^, when the 
gas is dry; when the gas is wet three straight 
logarithmically divided scales cannot afford an 
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exact solution owing to the impossibility of 
separating the variables B and p in the equation: 

B 


_ 

V 760{l + a<) 


-p 


Coste (Analyst, 1929, 54, 656) avoids the 
difficulty by attaching to the chart a vapour- 
pressure curve so thatp may be subtracted from 
B before performing the alignment. "J'he 
equation for dry gases may also bo solved by the 
use of a Z-chart, containing two parallel scales 
for pressure and temperature divided linearly, 
the diagonal being graduated to give the reduc¬ 
tion factor (c/. Bibliography, Peddle, Ch. VIIT). 
The adoption of linear scales facilitates the 
construction and increases the accuracy of 
interpolation. 8u(5h a chart has been described 
by Liesche {l.c. 1928, 1, 621), embracing the 
range 5°-25°C. and 700-800 mm. pressure: a 
nomogram of this type cannot, however, be 
adapted to deal with moist gases owing to the 
form of the equation, which requires that the 
temperature scale be non-uniform and curved. 

The nomogram illustrated in Pig. 8 has parallel 
linear scales for barometric pressure and for the 
conversion factor. When used for dry gases it 
differs from Liesche's only in the ])osition and 
type of graduation of the temperature and 
factor scales. It possesses the important advan¬ 
tage, however, that the t scale may alternatively 
be so graduated as to refer to moist gases. 
The scales used in the range selected are : 

For dry gases : 

2/-0-6(B-725) 

a;---1 y.^200(/-0-865) 

_ 0 526 91 ^ ^ 

0-47368+a« 0-47368+at 

For wet gases : 

xM) 2/=-0'5(B-725) 
x=l 2/=200(/-0-845) 

{ , 0-52631 


[y- 


0-47368+0/ 

21 -789 ~ 169a/ -0-26316p 


'0-47368+a/ 


The scale unit for x is independent of that for y; 
in the figure it has been taken as 12-5 and 14 
times the y unit for the dry and wet scales 
respectively, the difference giving a reasonable 


separation of the axes. If a common factor 
scale is used for both conditions, the tempera¬ 
ture scales are too close for convenience. 
The factor / for reduction to N.P.T. is the 
point of intersection on the / scale obtained 
by joining the barometric pressure on scale B 
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Fia. 8. 

to the temperature on the appropriate t° scale 
suffices for ordinary calculations being in fact 
greater than that with which the gas laws 
themselves hold. Using the average value 
0*003069 for a, the following values of the 
co-ordinates for the temperature scales have been 
calculated. 


rc. 

y Dry. 

V Saturated. 

/°C. 

V Dry. 

y Saturated. 

8 

25-270 

_ 

19 

10-544 

10*436 

9 

23-834 

_ 

20 

9-313 

8*724 

10 

22-419 

— 

21 

8-098 

7*007 

11 

21-024 

24-080 

22 

6-900 

5-283 

12 

19-649 

22*369 

23 

5*717 

3-652 

13 

18-294 

20-662 

24 

4-650 

1-812 

14 

16-957 

18-957 

25 

3-398 

0-061 

15 

15-639 

17*254 

26 

2-260 

— 

16 

14-339 

15-552 

27 

1137 

— 

17 

13-056 

13-849 

28 

0-029 

— 

18 

11-791 

12*144 

— 


— 


The values of x for either scale are given by : 

/°C. 8 11 15 19 23 26 28 

X 204627 2-02388 1*99646 1-96856 1*94310 1*93086 1*91308 
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The temperature scale for dry gases is a straight 
line, but that for wet gases is curved. The 
curvature is, however, very slight, and the five 
points indicated are ample to fix the position and 
shape of the curve. The sub-division of the t 
scale into 1/5°C. is most readily performed by 
projection. 

Fig. 8 is, in reality, two nomograms, of which 
one scale (B) has been made identical. If the 
application of the diagram is to bo confined to 
dry or to wet gases only, it may be convenient 
to add a uniformly divided horizontal scale, as 
described and figured in J.S.C.I., 1930, 49, 22T, 
by means of which the multiplication of the 
factor may bo effe(;ted. 

Bibliography. —K. K. Hezlet, “ Nomography,*’ 
Woolwich, 1913 ; H. G. Doming, “ A Manual 
of Chemical Nomography,” Nomon Sales 
Agency, Crbana, Illinois, U.S.A., 1918 ; 

J. B. Peddle, “ Construction of Graphical 
Charts,” McGraw-Hill Book Co., New York, 
1919 ; S. Brodetsky, “ First Course in Nomo- 
graphy,” Bell and Sons, London, 1920 ; W. C. 
Marshall, ” Graphical Methods,” McGraw-Hill 
Book Co., New York, 1921 ; Swett, “ Construc¬ 
tion of Alignment Charts,” Wiley, New York, 
1928 ; O. Liesohe, “ Chemische Nomogramme,” 
Verlag Chernie, Berlin, 1929 (r/. articles in 
Chem. Fabr. 1928, 1929, 1930, 1931); E. Berl, 
‘‘ Taschenbuch fur die anorganisch-chemische 
Grossindustrie, 2tcr Teil, Nomogramme,” Julius 
Springer, Berlin, 1930 ; A. Alison, Ind. Chem. 
1930, 6, 402 (details of the construction of a 
nomogram on concentration by evaporation) ; 
M. Pirani, “Graphische Darstellung in Wissen- 
sehaft und Tochnik,” 2nd edition by I. Runge, 
De Gruyter, Berlin, 1931 ; 0. Liesche, ” Rechen- 
verfahren in it Anwendungen auf die analytische 
Chemio.” F. Enke, Stuttgart, 1932 (vol. 30 of 
” Die Chemische Analyse,” by B. M. Margosches, 
continued by W. Bottger) ; N. R. Corke, 
‘‘ Logarithms Numerical and Graphical,” Gee 
& Co., London, 1934; Van Voorhis, ” How to 
make Alignment Charts,” McGraw-Hill Book 
Co., New York, 1937 ; C. H. Desch, ” Metallo¬ 
graphy,” Longmans, Green & Co., London, 
1937 ; W. Grosse, ‘‘ Graphische Papiere und 
ihre vielseitigo Anwendung,” C. Schleicher und 
Schiill, Duren (no date) ; F. W. Kiister— 
A. Thiel, ” Logarithmische Rechentafeln fiir 
Chemiker,” 41st-45th edition, W. de Gruyter, 
Berlin, 1935. 

J. N. G. 

CHEMICAL WARFARE. 

Introduction. —Chemical warfare, also called 
gas warfare, may bo defined as the use in war, 
for the purpose of injuring an adversary, of any 
substance within the realm of chemistry— 
whether gaseous, liquid, or solid—which is 
in any way harmful to the human or animal 
organism. Chemical warfare is prohibited by 
the Genova Protocol of 1925, and the prohibition 
includes any lachrymatory, irritant, vesicant, 
asphyxiant, or poisonous substance, but ex¬ 
cludes the normal use of recognised explosives 
and of products employed as screening smokes, 
which latter, under normal conditions of use, 
are not injurious to human beings. 

Chemical warfare substances, which are often 
called poison gases or simply gas, generally 


produce their effect on the human body either 
when breathed in the form of vapour or finely 
divided particles, or by contact with the eyes 
or skin, whether in the form of vapour or liquid. 

Physiological Classification .—Chemical war¬ 
fare substances may be classified according to the 
chief effect which they exorcise on the human 
body. They fall into the following three main 
groups, which depend solely on the part of the 
body mainly affected : 

(1) Lung irritants, which attack the lungs and 
breathing passages. The severity of the effects 
depends upon the substance used. Some gases, 
such as chlorine and phosgene, will produce 
death if breathed in sufficiently high con¬ 
centration, and are said to bo lethal. On the 
other hand, substances such as the arsenieals, 
which arc used in the form of clouds of finely 
divided particles (sometimes emailed toxic 
smokes) produce intense irritation of the breath¬ 
ing passages, but the effects, while painful, are 
usually only temporary, and pass off completely 
in an hour or two after leaving the contaminated 
atmosphere. This main group is sometimes 
divided into two classes, namely lethal gases, to 
include those which may eaus(‘ death, such as 
chlorine and phosgene, and sensory irritants, to 
cover those which afl'ect the breathing passages 
but are generally not lethal, like the arsenieals. 

(2) Eye irritants (lachrymators, or tear 
gases). Even in very small amounts these have 
an immediate and painful effect, causing so pro¬ 
fuse a flow of tears that it is generally very 
difficult, if not impossible, to see. The effects 
soon wear off and no damage is done to the eyes. 

(3) Skin irritants (blistering gases, or vesi¬ 
cants). These substances, of which mustard 
gas is a typical example, attack the skin, and 
in the worst cases cause deep and extensive 
blisters. No pain is felt on contact with the 
liquid or the vapour, and the effects do not 
show themselves until after a few hours. 
Mustard gas also attacks the eyes and lungs, 
and hero again there are no immediate symp¬ 
toms. This constitutes one of the greatest 
dangers in dealing with mustard gas. There 
have been recent references to a new type of gas 
called a ” prickling ” gas. Such a substance, 
the main action of which is on the skin, would 
fall into the skin irritant class. 

The above classification is of a very general 
nature, since most gases act on more than one 
part of the body. In fact, most war gases affect 
the eyes, whatever action they may have upon 
other parts of the body. The effects produced 
by any war gas depend on the concentration of 
the gas and the length of time a person is exposed 
to it. By concentration is meant the amount of 
gas in the atmosphere ; this is usually expressed 
as I vol. or part of the gas, assumed to be in 
the form of vapour, in a stated number of 
volumes or parts of air, or as so many milligrams 
of the gas in a litre of air. The higher the 
concentration, the shorter is the exposure re¬ 
quired to produce death or injury. In the case 
of gases which injure the lungs, a man must, 
however, breathe a certain minimum quantity 
of the poison before it will do him any real 
harm, the amount of harm depending not only 
on the nature of the gas, but also on the 
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concentration and the volume of air the man is 
breathing. If breathing vigorously, as when 
doing heavy work, a man will be affected by 
gas more quickly than if he were breathing 
quietly, as when resting. With rare exceptions 
all chemical Avarfarc substances, even in low 
concentrations, will cause injury if inhaled for a 
sufficiently long period. With substances which 
are merely eye irritants, and wo'th the toxic 
smoke arsenicaJs, there is usually a concentration 
below which an individual may be exposed to the 
gas for an unlimited periotl of time without 
suffering any ill effects. The concentrations | 
of the more powerful gases of these types arc ' 
very low, being of the order of one part of gas in a 
thousand million parts of air or even lower. 

Military Classijicatior },.—From the point of 
view of gas defence and of military tactics, 
chemical w^arfare substances are generally 
divided into tw'o main categories, namely : 

{a) Non-persistent. 

(6) Persistent. 

When liberated, non-persistent substances arc 
rapidly converted into clouds of gas or smoke, 
which continue to be effective until dissipated 
by the wind. They are generally liquids with 
a low boiling-point, or solids which are disperscal 
as a fine furno or smoke by heat or explosion. 
Typical examples an^ chlorine and phosgene 
and the aracnicals. I^ersistent gases generally 
consist of liquids of high boiling-point which 
eva])oratc slowly. On the burst of a shell or 
bomb containing them they contaminate the 
surrounding area on which they are scattered 
and continue to give off harmful vapours for a 
consiflerable period. Mustard gas and mo.st 
tear gases arc typical examples. There is 
naturally an intermediate class w^here the per¬ 
sistence is of limited duration. This class, 
of which diphosgene and chloropicriii are tyjiical, 
is sometimes called semi-persistent. In practice, 
however, it is convenient to have only the two 
main classes and to indicate the degree's of per¬ 
sistence for those which are not in the non- 
persistent group. The boiling-point is a good 
indication as to whether a substance is per¬ 
sistent or non-persistent. With liquids the 
higher the boiling-point the greater the per¬ 
sistence, and vice versa. 

Concentrations obtainable in the Field .—As a 
general rule, the concentrations of gas obtain¬ 
able in the field may be regarded as low by 
normal standards, that is to say, it is unusual 
to get a conctmtration in excess of 1 part of gas 
in 100 parts of air. In practice, the concen¬ 
tration is generally very much lower, and will 
depend on the nature of the gas {i.e. w^hether 
persistent or non-persistent), the size and 
number of shells or bombs falling in the area, 
the nature of the area {i.e. whether open 
country, trenches, or built up), and the weather 
conditions (high winds cause low concentrations 
and vice versa). High concentrations are obtain¬ 
able only with the non-persistent gases. The 
following figures, based on published data of a 
reliable nature, are typical of the average and 
maximum concentrations likely to be produced 
under favourable military conditions with a few 
representative gases : 


Gaa. 

Type. 

Average 

concentra¬ 

tion. 

Maximum 

concentra¬ 

tion. 

1 part of gas in x parts 
of air. 

Phosgene 

Non - persis- 
ieiii l(‘t.hal 
lung irri¬ 
tant 

i in 2,000- 
4,000 

1 in 30 

OhloropiC" 

Serui-persis- 

Rather less than for phoB- 

rill 

tent lethal 

luehry- 

mator 

gene owing to low'er 
volatility 

Diphenyl- 

eiiloro- 

arsiue 

Non - persis¬ 
tent lung 
irritant 

1 in 500,000- 
1,000,000 

1 in 250,000 

Ethyl iodo- 
acelate 

Persistent la- 
ehrymator 

1 in 20,000- 
40,000 

1 in 350,000 

1 in 8,000 

ffff-diehloro- 

diethyl 

sulphide 

(mustard 

gas) 

Persistent 

vesicant 

1 in 200,000 


These concentrations refiu to the area on 
which the slnOl or bombs actually fall. The 
gas clouds will be dilut('.d by the wind and the 
concentrations will fall off rapidly dowm wind 
from the point of burst of the shell or bomb. 
The maximum concentrations given arc pro¬ 
duced only under very favourable conditions. 

The most modern and efficient types of gas 
mask will give complete protection for a con¬ 
siderable i)eriod against even the highest con¬ 
centrations obtainable under service conditions. 

Physiological Data .—The figures in the table 
at the top of p. 9 for a number of representative 
chemical warfare agents give a rough guide, from 
the defensive point of vdew, as to the minimum 
lethal and incapacitating concentrations of the 
gases mentioned for an unprotected man, and 
as to the minimum concentrations that can be 
breathed indefinitely without damage to the 
human organism. 

In view of its special importance and of the 
fact that it can ac*t on all parts of the body, it is 
more convenient to set out the physiological 
data for the action of the vapour of )3)3-dichioro- 
diethyl sulphide (mustard gas) in the following 
manner : 

Physiological Action of Mustard 
Gas Vapour. 


Periods of exposure to produce: 


Concentration. 

Slight 

eye 

effects. 

Severe 

eye 

effects. 

Mild 

skin 

effects. 

Severe 

skin 

effects. 

Lung 

in¬ 

jury. 

1 in 100,000 

— 

3-5 

mins. 

— 

2 hr8. 

— 

1 in 1 million . 

10-15 

mins. 

Ihr. 

1 hr. 

— 

1 hr. 

1 in 2 million . 

— 

2hr8. 

— 

— 

nil 

1 in 6 million . 

llhTB. 

6 „ 

— 

— 

nil 

linlOmiUion . 

3 „ 

„ 



1 nil 

1 


The minimum concentration of mustard gas 
vapour normally detectable by smell is between 
1 in 6,000,000 and 1 in 10,000,000. 

Medical Aaj^ects .—^An account of the medical 
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Lethal and Incapaoitatino Concentrations for an Unprotected Man. 



Effective concentration (i.e. con¬ 
centration which will incapaci¬ 
tate) for unprotected men for 
exposures of ; 

Letiial concentration for 
unprotected men for 
exposure of ; 

_ ____ I 

Concentration 
whlcli can be 
breathed in 

definitely with¬ 
out damage. 


2 minutes. 

10 minutes. 

2 minutes. 

10 minutes. 

Diphenyl chloroarsine 

1:7*5 million 

1 : 75 million 

1:8,000 

1 : 40,000 

1 : 1,000 million 

Diphenylaraine chloro¬ 
arsine .... 

1:7-5 „ 

1:75 „ 

1:8,000 

1:40,000 

1:1,000 „ 

Diphenyl cyanoarsine 

1:17 „ i 

1:170 „ 

1:16,000 

1 1:80,000 

1:2,500 „ i 

Ethyl iodoacetate. 

1:5 

1:10 „ 

(1) 

! (1) 

1:100 „ , 

Chlorine .... 

1 : 10,000 

1:40,000 

1:2,000 

i 1:10,000 

1:175,000 ! 

Phosgene .... 

1:70,000 


1 : 10,000 

1:50,000 

1 : 1 million 

Chloropicrin . 

1:100,000 

1:200,000 

1:4,000 

1:20,000 

1:1 

Chloroacetophenone . 

1 : 5 million 

1:100 million 

(1) 

(1) 

1:250 „ 

Bromobenzyl cyanide 

1:10 „ 

1:25 „ 

(1) 

0) 

1:250 „ 

1 


(1) In practice a lethal concentration can hardly bo obtained in the field with the lachrymators 
ethyl iodoacetate, chloroacetophenone, and bromobenzyl cyanide. 

(2) A concentration of phosgene which is just insufficient to cause immediate coughing or 
lachrymation can usually bo tolerated, since the initial irritation tends to subside. Such an atmo¬ 
sphere is extremely dangerous, as continued inhalation may end fatally. 


aspects of chemical warfare agents is outside 
the scope of the present article, but the biblio¬ 
graphy (p. 17) contains a list of the more 
important publications on the subject. For 
most purposes the “ Manual of Treatment 
of Gas Casualties,” issued by the War Office 
and obtainable from H.M. Stationery Office, 
will bo found adequate. 

Methods of Use .—Chemical warfare, in the 
now accepted sense, started with the liberation 
of chlorine from cylinders by the Gormans in 
1915. Subsequently other noxious substances 
were used in shell, trench-mortar bombs, and 
grenades, and as experience developed, the 
shell—by which is meant the artillery shell— 
became the chief weapon for the use of chemical 
warfare agents. The use of gas in artillery 
shell was practically confined to shell of calibre 
of 6 in. and under, the most effective calibres 
being between 4 in. and 6 in. The artillery shell 
suffers from the defect that the ratio of weight 
of gas contained in it to the total weight of the 
shell is low unless thin walled shells made of 
steel of high tensile strength are used. The 
quantities of gas contained in typical war shells 
were approximately as follows in the case of 
phosgene and mustard gas : 


Calibre. 

Weight of gas. 

% Ratio of 
weight of gas 
to total weight 
of shell. 


lb. 


3 in. (75 mm. and 



18 pdr.) . . 

1-3 

6 

4*5 in. (105 mm.) 

4-25 

10 

6 in. (150 mm.) . 

11-0 

11 


In the normal gas shell, an air space of about 
10% was allowed, to permit of the expansion 
of the oontents with beat. There was a small 


bursting charge in the head of the shell just 
sufficient to break it open and distribute the 
contents effectively. A percussion fuse was 
employed. Towards the end of the war the 
Gormans introduced the use of a mustard gas 
shell with a big explosive charge to produce 
very fine atomisation of the contents, thus dis¬ 
sipating the gas in a highly toxic cloud but 
reducing the amount of liquid scattered on the 
ground and thus decreasing the persistence. 
For solid arsenicals like diphonylchloroarsine and 
diphenylcyanoarsine the Germans employed a 
shell in which the toxic material contained in a 
bottle was embedded in high explosive. This 
shell (called blue cross) was practically a double 
purpose shell, as it had considerable explosive 
value as well as liberating a toxic cloud, or 
smoke, of finely divided particles of the arsenical. 

Trench mortar bombs of 3 in. and 4 in. calibre 
were also used with effect, but they suffered 
from the disadvantage of short range. For the 
gas bombardment of an important area the 
most effective weapon was the Livens projector, 
a crude mortar with no groat accuracy and 
limited range, but which had the advantage that 
large numbers, running into thousands, could 
be fired simultaneously. The bomb or drum 
contained a large amount of gas (about 30 lb.) 
and the ratio of gas content to total weight was 
high (about 46%). The gas generally used was 
phosgene. A very heavy concentration could 
bo put down at once over an area and the 
concentration was so high that troops taken by 
surprise were killed or disabled before they could 
put on their gas masks. 

At the end of the war a new development 
was being initiated for the liberation of poisonous 
or irritant smokes by the volatilisation by means 
of heat of solid arsenicals in stationary appli¬ 
ances generally known as generators. An im¬ 
portant object in using such smokes was to 
penetrate the gas mask and cause the wearer to 
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remove it and so expose himself to the action of 
lethal gases used at the same time. The degree 
of penetration obtainable depends on the size 
of the particles in the smoke ; the smaller the 
particle the greater is the penetration, but since 
the actual quantity of material passing through 
the mask is what matters from the point of view 
of the subsequent physiological effect on the 
wearer, the result is that for each type of mask 
there is a particular size or range of sizes giving 
the best practical results. This represents 
the condition which gives the maximum 
amount of toxic material actually reaching the 
wearer. 

The use of gas in aircraft bombs was subse¬ 
quent to the Great War a fully authenticated 
case being the employment of mustard gas in 
air bombs by the Italians in the Abyssinian 
campaign in 1935-36. Air bombs can have 
quite thin walls and the percentage ratio of 
weight of gas to total w'cight may bo 50 and 
over, thus showing a very high efficiency as 
compared with the shell. The post-war period 
has also seen developments for the use of liquids 
by spraying from aircraft (also employed with 
mustard gas in the Abyssinian campaign) 
or in other ways involving discharge under 
pressure or into heated pipes, such as engine 
exhausts. 

Main Characteristics .—The table (pp. 12-15) 
gives the main characteristics of all the chemical 
warfare agents which have been used. The 
term “ trench-mortar bomba ” refers to all 
short-range weapons, of which the Livens pro¬ 
jector was a particularly efiective type. The 
term “ grenade ” refers to bombs for throwing 
by hand. The symbols used in the table have 
the following significance : 

Lach. = Lachrymatory 
Leth. = Lethal 
L.I. = Lung irritant 
V. — Vesicant 
N.I. = Not important 
T.M. — Trench mortar 

While many substances were used by them¬ 
selves for offensive purposes, others such as 
prussic acid were employed only in admixture 
with other materials in order to obtain their 
maximum efficiency. Other mixtures were used 
when it was desired to produce more than one 
effect at the same time; for example, a mixture 
of trichloromethyl chlorofonnate, phosgene, and 
diphenylchloroarsine was used by the Germans 
to got a moderately persistent lethal effect in 
conjunction with the highly irritant but non- 
lethal action of the arsenical; a further intention 
was to bring about the penetration of the gas 
masks of the period, which were comparatively 
poor in their protection against an arsenical 
toxic smoke, thus causing the wearer to remove 
the mask because of the irritant action on his 
breathing passages and so expose himself to the 
toxic action of the other two constituents. 
Such double purpose mixtures are now generally 
regarded as of doubtful utility. The main 
mixtures are set out below. Where the com¬ 
positions were approximately constant the 
percentage of each constituent by weight is 
indicated in brackets. 


Bromoacetone (80%) and chloroacetonc (20%). 

Chlorine (50%) and phosgene (50%). 

Chlorine (70%) and chloropicrin (30%). 

Chloropicrin (65%) and hydrogen sulphide 

( 350 /^). 

Chloropicrin (80%) and stannic chloride 

( 20 %). 

Chloropicrin (75%) and phosgene (25%). 

Cyanogen bromide with bromoacetone or 
bromomethyl ethyl ketone. 

Diehlorodiethy 1 sulphide (80%) and either 
chlorobenzene or carbon tetrachloride (20%). 

Dimethylsulphate (75%) and methyl chloro- 
sulphonato (25%). 

Diphenylcyanoarsino (50%) and ethylcar- 
bazole (50%). 

Ethyldichloroarsine (80%) and dichloromethyl 
ether (20%). 

Ethyldichloroarsine, ethyldibromoarsine, and 
dichloromethyl ether, sometimes with 
methyldi bromoarsin e. 

Ethyl iodoacetate (75%) and alcohol (25%). 

Hydrocyanic acid (55%), chloroform (25%), 
and arsenic trichloride (20%). 

Hydrocyanic acid (50%), arsenic trichloride 
(30%), stannic chloride (15%), and chloro¬ 
form (5%). 

Phosgene (50%) and arsenic trichloride (50%). 

Phosgene (60%) and stannic, tdiloride (40%). 

Trichloromethyl chlorofonnate (65%) and 
chloropicrin (35%). 

Trichloromethyl clilortiformatc, phosgene, and 
diphenylchloroarsine. 

Xylyl bromide and bromoketono or benzyl 
bromide. 

In the table on p. 16 are shown a few im¬ 
portant chemical warfare agents which have not 
been used in actual warfare. 


Outline of Methods of Mariyfaclure. 

1. Acrolein : by distillation of glycerol 
(CH 2 ( 0 H)CH( 0 H)CH 3 - 0 H) with potassium 
hydrogen sulphate (KHSO4) or magnesium sul¬ 
phate (MgS 04 ). 

2. Allyl ?5othiocyanate : from natural sources, 
and by distillation of allyl bromide 

(CHgiCHCHaBr) 


or iodide wdth alcoholic potassium thiocyanate 
(KCNS) or silver thiocyanate (AgCNS). 

3. Arsenic trichloride : by the action of 
hydrogen chloride on arsenious oxide (ASgOg). 

4. Benzyl bromide : by the bromination of 


toluene (CgHr-CHg). 
5. Benzyl chloride : 


by the chlorination of 


toluene (CgHg-CHg). 

6. Benzyl iodide : by interaction of benzyl 
chloride {q.v.) in alcoholic solution, with sodium 


or potassium iodide (Nal or Kl). 

7. Bromine : from metallic bromides by the 


action of chlorine, or of sulphuric acid and an 


oxidising agent. 

8. Bromoacetone : by the bromination of 
acetone (CHg-CO-CHg) by gaseous or liquid 


bromine. 


9. Bromobenzylcyanide : by the conversion 
of benzyl chloride (q.v.) to benzyl cyanide 
(CgHg-CHa-CN) by treatment with sodium 
cyanide (NaCN) with subsequent bromination. 
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10 . Bromomethyl ethyl ketone : as for bromo- 
acetone, using methyl ethyl ketone 

(CH 3 COCaH 3 ) 

instead of acetone. 

11. Carbon tetrachloride : by direct chlorina¬ 
tion of carbon disulphide (CSg) in the presence 
of a catalyst. 

12. Chlorine : by the electrolysis of brine 
(sodium chloride (NaCI) solution). 

13. Chloroacetone : by the chlorination of 
acetone {CH3COCH3). 

14. Chloroacotophenone : by the chlorina¬ 
tion of acetic acid (CHg'COOH) and its subse¬ 
quent conversion to chloroaceiylchloride 
(CHgCl'COCI) by treatment with thionyl 
chloride (SOCIg)- The chloroacetylchloride is 
then condensed with benzene (CgHg) by the 
Friodel and Craft reaction in the presence of 
aluminium chloride to give the desired product. 

15. Chlorobenzene : by the chlorination of 
benzene (CgHg). 

16. Chloroform: from acetone (CH 3 COCH 3 ) 
by the action of bleaching powder. 

17. Chloropierin : by the action of bleaching 
powder or chlorine on picric acid 

(CeH 2 (N 02 ) 30 H). 

18. Chlorosulphonic acid : by the saturation 
of oleum (SO 3 ) with hydrogen chloride and 
subsequent distillation. 

19. Chlorovinyldichloroarsine ; by the inter¬ 
action of acetylene (CgHg) and arsenic tri¬ 
chloride iq.v.) in the presence of aluminium 
chloride (AljCI,) with subsequent fractional 
distillation under reduced pressure and treat¬ 
ment to convert the higher homologues, namely 
dichlorodivinylchloroarsine and trichlorotri- 
vinylarsine into the product desired. 

20 . Cyanogen bromide : from the interaction 
of potassium cyanide (KCN) in aqueous solu¬ 
tion and bromine at low temperature. 

21 . Cyanogen chloride : by chlorination of 
hydrocyanic acid (H C N) in aqueous solution. 

22 . Dichlorodiothylsulphide ; three methods: 

(а) By the conversion of ethylene (C 2 H 4 ) 

obtained by dehydrating alcohol vapour 
(C 2 H 3 .OH) over a phosphoric acid or 
other suitable catalyst into chloro- 
hydrin (CH 2 (OH)CH 2 CI) by hypo- 
chlorous acid ; the chlorohydrin is 
treated with sodium sulphide (NagS) 
to give thiodiglycol [(C 2 H 4 -OH) 2 SJ 
which, on treatment with hydrochloric 
acid or thionyl chloride (SOCIj) yields 
dichlorodiethyl sulphide. 

( б ) By the interaction of ethylene and sulphur 

dichloride (SCIg) with or without a 
solvent. 

(c) By the interaction of ethylene and sulphur 
monochloride (SoClj) with or without 
separation of the liberated sulphur. 

23. Dichloromethyl chloroformate : by the 
regulated chlorination of methyl formate 

(HCOOCH3). 

24. Dichloromethyl ether : by the action of 
phosphorus trichloride (PC 1 3 ) on trioxymethy- 
lene [(CH20)8] in the presence of zinc chloride 

(ZnClg). 


25. Dimethyl sulphate : by the interaction 
of methyl alcohol (CHj-OH) and chloro¬ 
sulphonic acid {q.v.). 

26. Diphenylamine arsenious chloride : by 
the interaction of diphenylamine [(CgH 4 ) 2 NHJ 
and arsenic trichloride (q.v.). 

27. Diphenylchloroarsine : three methods : 

(a) By the production of triphcnylarsino 
[(C 6 H 5)3 As] by the interaction of 
chlorobenzene (CgHgCI) and arsenic 
trichloride {q.v.) in the presence of 
sodium and its subsequent treatment 
with arsenic trichloride. 

{h) By the diazotisation of aniline ( C g H g- N H g ) 
and subsequent treatment with sodium 
arsenite (NagHAsOg) to give phenyl- 
arsonic acid (CgHg'AsOgHg). The acid 
is reduced by sulphur dioxide (SOg) to 
phenylarsinic acid (CgHg-AsOgHlg, 
which on treatment with a further 
amount of diazotised aniline gives 
diphenylarsonic acid [CgHg'AsOgH]. 
This acid on reduction to dijdienyl 
arsenoxide [(Ph 2 As) 20 ] and treatment 
with hydrochloric acid yields the 
product desired [(CgH 5 ) 2 AsCl]. 

(c) By the reduction of phenylarsonic acid 
obtained as in {b) partly to phonyl- 
arseniousoxide (CgHg-AsO) and partly 
to phonyldichloroarsine (CgHgAsClg), 
so that the resulting mixture when 
heated in an autoclave will be converted 
into the product desired. 

28. Diphenylcyanoarsinc : by the treatment 
of diphenylchloroarsine {q.v.) with sodium 
cyanide (NaCN) or anhydrous hydrocyanic 
acid(HCN). 

29. Ethylcarbazole : by the interaction of 
carbazole (CjgH^N) and ethyl sulphate 
[(CgHglgSOJ. 

30. Ethyldibromoarsino : by the interaction 
of magnesium ethyl iodide (MgCgHgl) with 
potassium arsenite (KgHAsOg) to give mag¬ 
nesium ethyl arsenite lMg(C 2 H 5 )As 03 ] which 
is then reduced by sulphur dioxide in hydro- 
bromic acid solution. 

31. Ethyldichloroarsino : as for methyldi- 
chloroarsine, using ethyl sulphate in place of 
methyl sulphate or by treatment of ethyl 
chloride (CgHgCI) with sodium arsenite 
(NagHAsOg) and the reduction of the ethyl 
arsonicacid (CgHg-AsOgHg) by sulphur dioxide 
to ethyl arsenious oxide (CgHg-AsO), which 
gives on treatment with hydrochloric acid the 
desired product. 

32. Ethyliodoacetate : by the chlorination of 
acetic acid (CH 3 COOH) and subsequent 
esterification to give ethyl chloroacetate 
(CH 2 CICOOC 2 H 5 ), which is then treated with 
sodium iodide (N a I). 

33. Hydrocyanic acid : by the action of acid 
on metallic cyanides. 

34. Hydrogen sulphide : by the action of acid 
on metallic sulphides. 

35. lodoacetone : by the action of potassium 
iodide (Kl) on chloroacetone {q.v.). 

36. Methyl chloroformate : by the regulated 
chlorination of methyl formate (H-COOCHj). 
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37. Methyl chlorosulphonate : by the inter¬ 
action of methyl alcohol (CHg-OH) and sul- 
phuryl chloride (SOgClg). 

38. Methyldibromoarsine : by the action of 
hydro bromic acid (HBr) on mothylarsenioiis 
oxide («ee Methyldichloroarsino). 

39. Methyldichloroarsine : by the action of 
methyl 8 ulphate[(CH 3 ) 2 S 04 ] on sodium arsenite 
(NagHAsOg) giving disodium methyjarsenite 
f Na 2 (CH 3 )As 03 ] which on reduction by sulphur 
dioxide (SO 2 ) to methyl arsenioua oxide 
(CHgAs-O) and subsequent treatment with 
hydrogen chloride gives the desired product. 

40. Monochloromethyl chloroformate : by the 
interaction of methyl alcohol (CH3OH) and 
formic acid (HCOOH), and the regulated 
chlorination of the resultant methyl formate 
(HCOOCH3). 

41. Phenylcarbylaminechloride : by the di¬ 
rect action of chlorine on phenyl carbylaminc 
(CgHg-NC), or on phenyl isothiocyanatc 

(C 3 H 3 NCS). 

42. Phenyldichloroarsine : see dijDhenylchloro- 
arsine. 

43. Phosgene : by the combination of (dilorine 
and carbon monoxide (CO) in the presence of a 
catalyst, usually charcoal ; either diluted carbon 
monoxide, such as in producer gas, or con¬ 
centrated carbon monoxide may bo used. 

44. Stannic chloride : by the action of chlorine 
on tin. 

45. Sulphur trioxide : by the catalytic oxida¬ 
tion of sulphur dioxide (SOg) derived from 
burning sulphur or pyrites. 

46. Thiophosgene : by the regulated chlorina¬ 
tion of carbon disulphide (CSg). 

47. Trichloromethyl chloroformate : by com¬ 
plete chlorination of methyl formate 

(HCOOCH3) 

or of chloromethyl chloroformate {q.v.). 

48. Xylyl bromide : by the bromination of 
boiling xylene rC 3 H 4 (CH 3 ) 2 l. 

Literature References. — The literature on 
chemical warfare is now so large (running into 
well over 1,000 difierent publications) that it is 
only possible to give a limited number of refer¬ 
ences to the more important textbooks. These 
are appended under the following four headings : 

A. Textbooks (covering historical, defensive, 

and offensive aspects). 

B. Defensive. 

C. Medical. 

D. Offensive, 

Bibliography of the More Important 
Literature on Chemical Warfare. 

A. Textbooks (covering historical, defensive, and 
offensive aspects).—A. A. Fries and C. J. West, 
“Chemical Warfare,” McGraw-HiU Book Co. 
(N.Y.), 1921 ; G. H. Foulkes, “Gas : The Story 
of the Special Brigade,” Blackwood (London), 
1934 ; R. Hanslian, “ Der Chemische Krieg,” 

E. S. Mittler, Berlin, 1927 ; J. Meyer, “Der 
Gaskampf und die Chemischen Kampfstoffe,” 
S. Hirzel, Leipzig, 1926 ; A. Izzo, “Guerra 
Chimica e Difesa Anti-gas,” U. Hoepli, Milan, 
1930 ; J. Fishmann, “Chemical Warfare” (in 

VoL. III.—2 


Russian), Moscow, 1929 ; W. Untermark, 
“Chemische Kampfstoffe und die Industrie- 
giftstoffc,” O. Meissner, Hamburg, 1933 ; S. de 
Stockelburg, “ Alcrte aux gas,” Lib. Pazot & Cio., 
Lausanne, 1935 (lengthy appraisal of this 
by E. Baum in Z. gcs. Schicss- u. Sprengstoffw. 

1936, 31, 171, 204-208) ; Augustin M. Prentiss 
(and George B. Fisher), ‘ * Chemicals in Warfare ” 
(with chapters on The Protection of the Civil 
Populations and International Situation), 
McGraw-Hill Publishing Co., Ltd., London, 

1937. 

B. Defensive. —War Office, “Defence against 
Gas,” H.M.S.O., 1936 ; D. P. Bloch, “La Guerre 
Chimique,” Libr. Berger-Levrault (Nancy), 1927; 
French Ministry of Interior, “Practical Inatruo- 
tions on Passive Defence against Air Attack,” 
Ch. Lavauzelle, Paris, 1932 ; L. Lcroux, “ La 
Guerre Chimique,” Edtns. Spes., l^aris, 1933 ; 
Izard, Cilleuls,and Kerrnarrec, “La Gueire Aero- 
Chimique et les Populations Civiles,” Ch. Lavau¬ 
zelle, Paris, 1933 ; Fessler, Gebele, and Prandtl, 
“ Gaskarapfstoffo und Gasvergiftungen. Wie 
schiitzen wir uns ? ” O. Gruelin, 1933 ; H. Rumpf, 
Gasschutz, E. S. Mittler & S. Berlin, 1932 ; 
N. Quartara, “La guerra chimica e la difesa 
della popolazione civile,” Turin, 1933 ; H. 
Schossberger, “ Bautechnischer Luftschutz,” 
Berlin. 1934. 

j Air Raid Precautions Handbooks : No. 1, 
Personal Protection against Gas, H.M.S.O. 
1936 ; No. 4, Decontamination of Materials, 
H.M.S.O., 1936 ; No. 5, Structural Precautions 
against Bombs and Gas, In preparation; 
No. 6 , Air Raid Precautions in Factories and 
Business Premises, H.M.S.O., 1936 ; No. 7, 
Anti-gas Precautions for Mcirchant Shipping, 
H.M.S.O., 1935; Air Raid Precautions: The 
Protection of Foodstuffs Against Gas, H.M.S.O., 
1937. 

R. Hanslian, “The Gas Equipment of Foreign 
States : Service and Civilian Masks of Various 
States,” Gassch. u. Luftsch. 1935, 5, 40, 65 ; 
P. Murphy, “ Defence of the Civil Population 
against Gas,” Listener, 1934, Aug., p. 271. 

C. Medical. —G. B. Vedder, “Medical Aspects 
of Chemical Warfare,” Williams & Wilkins 
U.S.A., 1925; U.S.A. War Dept., “Medical 
Aspects of Gas Warfare ” (Med. Dept, of U.S. 
Army), Washington, 1926 ; Official History of 
War: Medical Services—Diseases of the War, 
Vol. IT, H.M.S.O., 1923 ; War Office, Manual 
of Treatment of Gas Casualties, H.M.S.O., 
1930. 

Air Raid Precautions Handbooks : No. 2, 
First Aid for Gas Casualties, H.M.S.O., 1936; ** 
No. 3, Medical Treatment of Gas Casualties, 
H.M.S.O., 1937. 

L. Dantrebande, “ Les Gaz Toxiques,” Masson 
& Cie., Paris, 1933 ; C. Hederer and M. Istin, 
“L’Arme Chimique et ses Blessures,” Bailli 6 re et 
Fils, Paris, 1936 ; H. Buscher, “ Griin- und 
Gelbkreuz,” R.Himmelheber, 1932; H. Buescher, 
“Giftgas! und Wir,” R. Himmelheber, 1932; 
H. Zangger, “Die Gasschutzfrage,” Huber 
(Bern.), 1933 ; 0. Muntsch, “Leitfaden der 
Pathologie und Therapie der Kampfgaserkrank- 
ungen,” Leipzig, 1936 ; A. Lustig, “Fisio- 
patologia e cUnica dei gas da oombattimento,” 
Milan, 1931 ; A. Lustig, G. Revida, and G. 
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Ferralora. “EfFetti dei gas deguerra (ad uso dei designed. The main exception was the French 
rnedici),” Milan, 1934; H. Magne and D. Cordier, M.2 mask, which covered the whole face (eye- 

*‘Les gaz dc combat an point de vue physio- pieces being y)rovided) and consisted of a number 

logique, medical et militaire,” Bailli^re et Fils, of layers of muslin impregnated with various 
Paris, 1936. absorbent chemicals. One mixture contained 

D. Offensive. —A. MuUer-Kiel, Dio chemische hexamine, nickel sulphate, sodium carbonate, 
Waffe im Weltkrieg und jetzt,” Verlag Chemio glycerin, and water, and another castor oil, 
(Berlin), 1933 ; M. Sartori, “ Chimica del Sostanze alcohol, sodium hydroxide, glycerin, and water. 
Aggressive,” IT. Hoepli (Milan), 1933 (translated Such masks are very inferior to the face-piece 
into German by H. Klumb and published by and container type. 

Vieweg & S., 1935) ; S. I. Skliarienko, '‘Physical Modem gas masks are practically all based on 
and Physico-chemical Principles of Chemical the principle of a face-piece connected to a 
Warfare” (inRussian),Moscow, 1934 ; E. Reyes container of neutralising, absorbing, or filtering 
Sanz, “ Teoria general de la guemo quimica,” materials. The differenc^es in the various designs 
Toledo, 1933 ; D. 8 . Sommerville, “The Field are essentially differences in details introduced 
Artillery and Chemical Warfare,” Field Artill. d. with a view to securing greater service efficiency 
1932, 22, 140; J. T. Hackmann, “Trend of in one direction or another. 

Research for New Chemical Warfare Materials,” Respirator Face-pieces. —Face-pieces may be 
Chern. Weekblad. 1934, 31, 366,; H. Stolt- of many kinds. There are full musks covering 
zenberg, “ Die Ultragifte,” reviewed in Ind. the eyes, nose and mouth, and half-masks which 
Chem. 1935, 11, 460, 483 ; H. Engelhard, do not cover the eyes. The latter are useless 
“Theoretical Considerations on Concentrations where gases which irritate or injure the eyes 
of War Gases in the Field,” Gassch. ii. Luftsch. are present ; therefore the full mask is always 
1934, 4, 174 ; R. Baggio, “Artillery Fire preferable, because, furthermore, it is likely to 
with Chemical Shell,” Rivista di Artiglieria be more gas-tight and comfortable. There are 
e Genio, 1930, Jan., p. 88 ; H. Herbst, also hoods covering the whole head. The main 
“Volatility of a Series of Organic Compounds,” paits of a face-piece are : 

Koll. Chem. Beih. 1926, 23, 313. ( 1 ) The body, generally of rubber, with or 

J. D. P. without a covering of stockinette or other 
CHEMICAL WARFARE DEFENCE, elastic textile material on the outside. It 
Gas Defence. can also bo made of leather, of rubberised 

Historical and General. —The basis of defence fabric in single or multiple layers, of canvas 
against gas is the respirator, or gas mask. When with or without edgings of rubber, leather, etc., 
the employment of gas in warfare was initiated to give a gastight joint, or of asbestos. There 
by the uso of chlorine in 1915, protection for are also designs in transparent celluloid or 
British troops was obtained by the use of pads cellophane, so that the wearer’s face can be 
of flannel, (cotton wool, or cotton w'asto placed seen. 

over the mouth and nose and soaked in a solution (2) Eye-pieces, generally round, but sometimes 
of sodium thiosulphate (hypo) or of this com- oval and fitted with discs of celluloid or of 
pound with sodium carbonate. Subsequently splinterlcss, laminated, or plain glass, to the 
the gas mask took the form of a helmet soaked inside of which may be attached gelatine discs 
in a solution of hypo, sodium carbonate, and to absorb moisture and to prevent fogging duo 
glycerin, covering the whole of the head and to the moisture in the expired air. The fogging 
fitted with mica windows. With the threatened may be obviated by using what is called the 
use of phosgene, an impregnating solution of Tissot principle, by which the inhaled air 
sodium phenate was used for the gas helmet passes over the eye-pieces and prevents con- 
(P. helmet), and was subsequently improved densation of moisture. Alternatively or in 
by the addition of hexamethylenetetramine addition, anti-dimming paste may be applied to 
(hexamine) (P.H. helmet), which also gave pro- the glass. A typical anti-dimming paste can be 
tection against hydrocyanic (prussic) acid. The made from Turkey red oil and water glass. For 
use of tear gas introduced the need for wearing military use, it is important that there should 
goggles in addition to the helmet, but the com- be an adequate field of vision and that it should 
bination was not very satisfactory. As gas be possible to use optical instruments such as 
warfare developed,’ the employment of chemical binoculars and range-finders, 
neutralising agents for protection against the (3) Head harness for adjustment to the head, 
variety of gases used and the increasing con- usually consisting of elastic or spiral metal 
centrations became impracticable with a springs covered with fabric. The bands are 
respirator of the helmet type, and a gas mask, generally adjustable to suit the wearer’s face, 
called the box respirator, was produced by the A well-fitting and gas-tight mask should not 
British to deal with all types of gases. This feel uncomfortable on the face if the design is 
consisted of an air-tight mask or covering for the good. 

face fitted with eye-pieces of mica, celluloid, or ( 4 ) A valve holder, for an outlet valve or 
splinterless glass ; to this mask was attached alternatively an attachment in metal for the 
by a connecting tube the box or container in container or the connecting tube. The outlet 
which were placed the materials for the purifi- valve, where there is one, is generally of rubber, 
cation of the air breathed by the wearer. This Designs in metal are known, but these are 
type of construction with a face-piece con- generally for inlet valves, which may be in the 
nected directly or by a tube to a container con- face-piece, connecting tube, or container. The 
stitutes the basic principle on which practically outlet valve is one of the vital parts of a 
all gas masks for war purposes have since been respirator as a leakage might be fatal to the 
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wearer. Great ingenuity has been displayed 
in designing types which are leak-proof under 
all conditions, and at the same time give good 
speech transmission. In respirators with directly 
attached containers there is often no outlet or 
inlet valve, and the wearer breathes in and out 
through the filtering box. Certain advantages 
are claimed for this in the way of increased pro¬ 
tection, but it is generally more oppressive to 
wear. 

Face-pieces are generally made in three sizes to 
fit all kinds of face, but a well-designed mask of 
normal size should, by proper adjustment, give 
complete protection to well over 90% of adult 
male faces. Types of face-pieces with nose clip 
and mouthpiece, which were largely used in the 
war but were very uncomfortable, are now 
practically obsolete. 

The design of a respirator face-piece has to 
be a compromise between a number of con¬ 
flicting requirements. It must bo gas-tight 
and comfortable to wear. It must not unduly 
interfere with vision or with spc'cch, whether 
direct or through telephones or voice pipes, and 
it must not impede the wearer in the course 
of his duties. With the best designs of gas 
mask the loss of service efficiency is less than 
20 %. 

Respirator Containers .—The main chemical 
interest is in the container, sometimes called 
the box, drum, or canister, which holds the 
filtering materials* Containers are generally 
rectangular or round, and in the normal design, 
the air enters at the bottom and passes through 
the filtering and absorbing material, which is 
generally arranged in horizontal layers. In a 
few designs, the air enters at the sides, passing 
through the filtering materials to a central 
tube connecting with the face-piece. It is not 
necessary to give details of the internal mechani¬ 
cal structure of a container which can be seen 
from diagrams, except to say that it is no 
easy matter to arrange the filtering materials 
so that they will be effective and remain so 
under the various conditions of rough handling 
they may receive in use. 

The basic constituent in most respirator con¬ 
tainers is active carbon or charcoal, the efficiency 
of which as an all-round adsorbent for gases 
and vapours has steadily improved since its first 
utilisation for gas defence in 1915. The charcoal 
is used in the form of granules containing 
generally from 15 to 25% of moisture. This 
moisture enhances the value of the charcoal for 
the catalytic decomposition of gases such as 
phosgene, but reduces its adsorptive capacity 
for organic vapours. So great is the all-round 
efficiency of active carbon that some military 
respirators rely on it entirely for gas protection. 
It is not, however, active against carbon 
monoxide, which for physical and physiological 
reasons is not likely to be used as a chemical 
warfare agent, nor is it very effective against 
oxi disable gases such as arsine (arseniuretted 
hydrogen) or prussic acid. A special mixture 
of copper and manganese oxides known as 
hopcalite can, however, be used for the 
catalytic oxidation of carbon monoxide, if 
required, but this necessitates the provision of 
an extra layer of drying material such as cal¬ 


cium chloride in front of the hopcalite which 
soon loses its activity in moist air. The protec¬ 
tion against arsine and prussic acid can be 
improved by the use of granules generally of an 
alkaline nature and consisting, for example, of 
soda lime in (‘ornbination with permanganate. 
Such granules were used in the British respirator, 
and not only gave good protecition against these 
two gases, but also against acid gases generally. 
The value of active carbon as a generally pro¬ 
tective agent against poisonous gases can always 
be enhanced by other types of chemical granules 
designed to improve the neutralising properties 
of the container against any particular chemical 
warfare agent employed. The eftectiveness of 
charcoal as a protection against phosgene can be 
grtiatly increased by impregnating it with 
hexamine. Such chemical granules are to bo 
found in the containers of respirators designed 
to deal w'ith special toxic gas hazards in industry 
{see below). The granule is in effect an active 
chemical neutralising agent for the particular 
gas which has to be encountered. Granules 
may be of two distinct types. The actual 
chemical or mixture of chemicals may be com¬ 
pressed and then broken up into suitably sized 
pieces, or fragments of a porous material, such 
as pumice, kieselguhr, or brick, may be soaked 
in the chemical and dried. 

Neither active carbon nor chemical granules 
afford protection against line [larticlcs such as 
are present in screening and toxic smokes, and 
all service respirators incorporate a filtering 
material of some sort for dealing with such 
smokes. I'hese filters vary (considerably in 
composition and efficiency. The principal sub¬ 
stances used for making filters arc cotton wool, 
merino wool, animal hair, wood and other 
paper pulps, cellulose sheets or wadding, 
feathers, and felt. Their filtering efficiency 
may be increased by depositing upon them fine 
smoke particles such as the smoko from burning 
camphor, naphthalene, or resins or by mixing 
them with fibrous materials such as asbestos or 
with finely powdered lampblack, or cuprene 
(a solid condensation compound of acetylene) 
or by depositing nodules of certain gums and 
rosins on them from solution. The difficulty of 
obtaining a compact efficient filter with a low 
resistance to breathing has been overcome by 
various ingenious methods of folding and 
arranging the layers of filtering material, so 
that a large filtering area can bo compressed 
into a small space. The best filters now avail¬ 
able give a very high standard of protection 
against even the most penetrative toxic smokes 
and will remove more than 99% of the toxic 
material from the air breathed. 

Indtbstrial Respirators .—Industrial gas masks 
differ fundamentally from service gas masks in 
their essential desiderata. The service gas 
mask has to protect against any concentration 
that may be encountered of any toxic substance 
capable of use as an agent of chemical offence. 
It has, therefore, to be polyvalent. Fortunately, 
many toxic substances such as carbon monoxide 
and arsine, against which it is difficult to 
protect by a filtering apparatus, cannot, for 
technical reasons, be employed in the field. 
Further, there is a limit to the concentrations 
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that may be met. A concentration of 1% is 
exceptional, while from artillery shell, with which 
most of the gas attacks were delivered in the 
latter part of the war, a concentration as high 
as 1 in 1,000 is unusual. For toxic smokes, 
1 in 1,000,000 is a high concentration. Thus, 
the problem is one of protection against com¬ 
paratively low concentrations of many different 
gases. 

In industry, the real function of the respirator 
is as an emergency device to deal with unusual 
circumstances such as the closing down of a 
leaking valve emitting toxic vapour or the rescue 
of a man from a dangerous area. Therefore, in 
industry, when a respirator has to bo used, it 
may bo in a confined space and the concentra¬ 
tion may be very high indeed, even as much as 
a few per cent, of the toxic vapour. On the 
other hand, in any particular works or plant, 
the danger is generally limited to one or two 
gases at most. It is therefore possible to design 
the respirator specially for the gases to be 
encountered, and so provide a much higher pro¬ 
tection against them than is possible in a 
polyvalent respirator. This means that for 
industry a number of different typos are required 
to cope with all its gas hazards. 

The service respirator may have to be worn in 
action for long periods of time ; consequently 
it must be very comfortable to wear and provide 
good vision and good facilities for ordinary and 
telephonic speech. An emergency device, as in 
industry, does not need the same standard of 
comfort for short-period wear, or even of vision 
or speech, though obviously these should all bes 
good. On the other hand, the gas tightness of 
the industrial respirator must, if anything, bo 
superior to that of the service type because of 
the higher concentrations. The service respirator 
therefore is a different problem from the in¬ 
dustrial, and is not necessarily suitable for 
meeting the hazards of industry. 

The face-piece of the industrial gas mask calls 
for no special comment, as it is very similar to 
that used for service purposes. The main 
difference is in the container. Different types 
of container are generally produced to deal with 
different industrial gases or types of gases or for 
combinations of types. The following is an 
indication of the typos of neutralising or absorb¬ 
ing materials used for various purposes in 
industrial gas masks. 

(1) Organic vapour such as benzole, acetone, 
carbon tetrachloride, carbon disulphide, form¬ 
aldehyde, and toluene. The usual adsorbent 
is active carbon or charcoal. Against most 
organic vapours it is excellent, but it is poor 
against methyl bromide and methyl chloride ; 
provided it is not too dry, it functions fairly 
well against acid gases such as phosgene. It 
is asserted by one authority that active carbon 
will stop effectively all gases and vapours with a 
molecular weight greater than 60. Silica gel 
can in some cases replace active carbon, 
but its best value is against water soluble 
gases. 

(2) Acid gaseSf such as hydrocyanic acid, 
nitric acid, formic acid, free halogens, nitrous 
fumes, phosgene, and sulphur dioxide. Among 
the adsorbents used are (a) soda lime or other 


alkaline granules, (b) diatomite, brick, pumice or 
similar material impregnated with caustic soda, 
potassium carbonate, sodium bicarbonate and/or 
zinc acetate. Active carbon may be used in 
addition to those adsorbents. 

Other adsorbents used are based on potassium 
metasilicate ; hexamine, which is a good ad¬ 
sorbent for phosgene; zincates and zincainmines. 
Soda lime granules impregnated with per¬ 
manganate will give enhanced protection against 
hydrocyanic acid, as will also hopcalite, the 
* carbon monoxide neutraliser referred to later. 
Sometimes a special container is designed to dcnil 
with hydrocyanic acid and other weak acids. 
Diatomite impregnated with finely-divided 
mercury oxide or certain compk‘x zinc salts is 
used for this purpose. 

(3) Ammonia^ the main adsorbents being {a) 
salts of copper, such as copper sulphate impreg¬ 
nated on pumi(;e (often known as kupramHc)^ 
{b) salts of zinc and cobalt, (r) salts of copper 
and nickel, and (d) silica gel. 

(4) Hydrocyanic acid and carbon dioxide. —A 
good adsorbent is baryta granules. 

(5) Sulphuretted hydrogen. —A good adsorbent 
is a mixture of baryta granules and active 
carbon. 

(6) Nitrous fumes. —Alkaline permanganate 
granules and hopcalito are very useful. 

(7) Sulphuretted hydrogen and ammonia .— 
Adsorbents used are (a) copper chloride on a 
solid support which can bo ai'tive carbon or 
activated mineral salt, (6) silica gel, (r) mixture 
of baryta granules, charcoal and copper sulphate 
granules. 

(8) Carbon disulphide, for which lead and 
manganese peroxides can be used. 

(9) Carbon monoxide, against which the gas 
mask of the fighting services affords no pro¬ 
tection. This gas is present in producer gas, 
blast-furnace gas, coal gas, water gas, after¬ 
damp in mines, etc. As carbon monoxide in 
any quantity is very often associated with a lack 
of oxygen, reliance is generally placed on a self- 
contained oxygen apparatus when men have to 
go into such an atmosphere. Of recent years, 
however, much attention has been devoted to 
the development of a filter mask for carbon 
monoxide. This has involved the production of 
a material for the catalytic oxidation of carbon 
monoxide at ordinary temperature. The pro¬ 
duct in most general use is called hopcalite, which 
is a mixture of manganese dioxide and copper 
oxide. Hopcalite will function only in dry air, 
so the incoming air has to be dried, for example, 
by a layer of calcium chloride or silica gel. 
Behind the hopcalite there has to be a layer of 
alkaline material, such as soda lime granules, to 
remove the carbon dioxide formed in the oxida¬ 
tion of the monoxide. The hopcalite will act 
indefinitely, so the life of the container depends 
on the capacity of the drier. Much heat is 
generated in the oxidation and the container 
will get very hot if there is much over 1% of 
monoxide in the inspired air, while the air will 
get too hot to breathe unless cooling layers, for 
example, of sodium thiosulphate pentahydrate, 
are interposed. It is stated that 1% of carbon 
monoxide will on oxidation give off enough heat 
to raise the temperature of air adiabatically 
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about 100®C. The oxidation uses up oxygen 
equal to half the volume of the carbon monoxide 
BO that where there is much carbon monoxide 
the oxygen content in the purified air is likely 
to be low. 

Hopcalite has remarkable properties as an 
oxidising agent, and will also deal efficiently with 
ammonia, hydrogen cyanide, hydrogen sulphide, 
arsine, nitrous fumes, phosphine, and ethylene. 
Its main defect is its sensitiveness to moisture, 
which at present is its limiting feature. 

Another adsorbent for carbon monoxide, 
known as hoolamite, is based on the oxidising 
properties of iodine pentoxide and concentrated 
sulphuric acid. The mixture is generally used 
impregnated on pumice with a subsequent layer 
of active carbon or alkali granules to absorb the 
iodine liberated in the oxidation. 

As carbon monoxide is tasteless and odourless 
and produces no immediate symptoms to reveal 
its presence, the question of a detector to indicate 
when a container is becoming exhausted is of 
first-class importance. With most other gases 
there is ample warning because of the odour, 
taste, or irritating elfcet produced from the 
first traces of gas that penetrate the respirator ; 
nevertheless, in some designs visible detectors 
depending on a colour change are fitted. The 
problem of detecting carbon monoxide has been 
attacked from many angles, and the following 
methods for indicating when a container should 
be changed have been used : 

(a) Mechanical timer. This is operated by the 
breathing and depends merely on the number 
of inspirations the wearer has made through the 
container, whether there is any carbon mon¬ 
oxide there or not. It will, as a rule, show 
the container to bo exhausted long before it 
is so. 

(d) Hoolamite detector.—In this detector, 
when the carbon monoxide passes through the 
oxidising layer of hopcalite and impinges on 
the hoolamite, it liberates iodine which gives 
a warning by its irritating action on the nose 
and throat that the container is almost ex¬ 
hausted. Alternatively, it has been sug¬ 
gested that the iodine can be made to liberate 
chlorine which, combining with carbon mon¬ 
oxide, will give phosgene which is readily 
detectable by the wearer. 

(c) Calcium carbide.—When water vapour 
penetrates the hopcalite layer—which it will do 
when the drier is saturated—it will in contact 
with the carbide liberate acetylene, which gives 
a warning odour. 

(d) Colour change.—This is obtained by the 
efl^ect of humidity on various salts, such as 
dehydrated cobalt chloride, copper sulphate or 
platinocyanides. These are placed between the 
drying material and the hopcalite and will 
change colour when the drier is letting water 
vapour pass, thus indicating that the hopcalite 
will soon cease to act. Colour changes are not 
very reliable and are not easy to observe in 
dimly-lighted places. 

Carbon monoxide respirators have not been 
used to a great extent in this country as there 
is always the danger, especially in mines after 
an explosion, that the rescuers may lose their 
lives in the event of their encountering a region 


with an inadequate percentage of oxygen iljilm! 
air. They could, of course, get ample wodns ’ 
of an oxygen deficiency by the use of a test1l®)\ 
In many cases no danger from oxygon shoA^ 
will exist, and then the carbon monoxide 
mask can be used to advantage, as it will impose 
less strain on the wearer if he has to do work 


than will the heavier self-contained apparatus. 
Apart from mines, there are other cases, for 
example, near blast-furnaces, where a shortage 
of oxygen will be accompanied by a high con¬ 
centration of carbon monoxide, but the latter 
will immediately make itself noticeable by the 
rapid heating of the container and thus give a 


warning. 

To stop industrial smokes, dusts and fumes, 
the filtering materials used in service respirators 
can be employed. 

Designs have been produced for all-purpose 
respirators intended for use primarily by fire¬ 
men w ho may have to encounter in fire fighting 
a largo variety of gases including carbon mon¬ 
oxide and suK^ke. Such a container is made 


up from a combination of the adsorbents re¬ 
quired to jirotect against the various hazards, 
and a typical container of this sort on the market 
consists of the following layers from the bottom 
to the top ; (a) active carbon for organic 

vapours ; (^>) cotton w^ool for smokes, fogs, 

and dust ; (c) caustic soda impregnated on 

pumice for a(‘id gas ; (d) cotton wool for smokes ; 
(e) fused (salcium chloride as a drying layer ; 
(/) hopcalite to oxidise carbon monoxide ; 
(g) silica gel or carbon impregnated with copper 
sulphate to stop ammonia. Various other com¬ 
binations are of course possible. A general 
adsorbent for gases other than carbon monoxide 
could be based on sodium carbonate, zinc 
acetate, magnesium peroxide, and powdered 
charcoal. 


Protection for Animals. —Respirators have also 
to be provided for animals such as horses, dogs 
and pigeons in their baskets. These generally 
take the form of a bag or covering of thick 
material impregnated with a chemical solution 
such as was used in the early gas helmets, but 
they are not very satisfactory in practice. 

Collective Protection. —The problem of pro¬ 
viding protection for closed rooms and com¬ 
partments in which people can work without 
gas masks is solved by the use of purification 
units constructed on the same general principle 
as the container of the respirator, through which 
air is drawn into the room or compartment by 
means of a fan, preferably from an area likely 
to be free from gas such as the top of a high 
building or a chimney stack. The methods of 
air regeneration used, for example, in submarines 
can also be employed, but are in general less con¬ 
venient and more expensive. For the protection 
of dug-outs and rooms in the fighting area, cur¬ 
tains of thick cloth impregnated with a chemical 
solution or a heavy mineral or a vegetable oil 
such as cylinder or linseed oils, are used at 
the entrances, two curtains with an air lock 
between being generally provided for greater 
security. 

Protection against Mustard Gas. —The intro¬ 
duction of mustard gas with its action on the 
skin presented a new problem in protection 
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which has not yet been properly solved. Gar¬ 
ments of oilskin and other impervious materials, 
if of air-tight design, give a fair measure of 
protection, but can only be worn for compara¬ 
tively short periods in view of the stifling effect 
on the wearer, especially in hot weather. The 
use of clothing impregnated with a chlorinating 
agent such as chloramine or allied products 
which will destroy mustard gas has also con¬ 
siderable limitations, while protective oint¬ 
ments of vaseline or of zinc oxide and fat 
mixtures, with or without a chemical to neutral¬ 
ise the mustard gas, are also of doubtful utility 
under service conditions, though they may be 
of some value in certain circumstances. 

Decontamination .—Another problem in gas 
defence is the decontamination or clearing of 
areas which have been contaminated with a 
persistent gas, especially if it is of the mustard 
gas type, against which a gas mask is not a 
complete protection because of its general 
action on the skin. Generally speaking, water, 
and earth are the only materials available in 
adequate quantity if extensive decontamination 
has to be done, and they can be used to wash 
away the mustard gas liquid or cover up the 
infected area. Where available, bleaching 
powder diluted with about 3 times its volume 
of an inert material such as sand or earth is the 
moat effective substance to use. The neutralis¬ 
ing agents mentioned in column 6 of the 
table on pp. 12-15 on chemical warfare 
agents can also be used for dealing with the 
gases against which they are effective. For the 
decontamination of textiles and general clothing 
a number of methods can be used depending on 
the type of garment and the extent of the con¬ 
tamination, such as exposure to the weather, 
washing, solvent extraction, or treatment with 
steam or hot air. 

Detection of Oas .—Another problem of 
chemical interest is the use of detectors to 
indicate the presence of gas. While detecting 
papers, paints or solutions can be provided to 
deal with substances such as chlorine and 
mustard gas, the devices as a rule are not 
sufficiently simple, quick, or certain in their 
action to make their adoption desirable except 
under special conditions and in the hands of 
trained observers. Reliance has in practice to 
be placed on the sense of smell and the sensory 
organs generally. 

Protection of the Civil Populat ion against Gas .— 
One of the most important problems of the 
present day is the protection of the civil popu¬ 
lation at large against gas attacks from the air. 
These attacks may be made with bombs containing 
gas, or by spraying liquids of high boiling-point, 
like mustard gas, from aircraft. Those members 
of the community who must continue to carry 
on their duties either during or immediately 
after a raid and the members of the defensive 
organisations must be provided with gas masks, 
in the same way as service personnel, and with 
a certain amount of protective clothing depend¬ 
ing on the nature of the work they have to do. 
Those of them, like the police and the fire 
brigades, who will have to perform their duties 
whatever the conditions, will be equipped with 
service respirators. For the others, a some¬ 


what simpler and cheaper respirator called the 
civilian duty respirator will suffice. For the 
civilian population at large the main defence 
will be gas protected rooms in their own houses 
or offices, the rooms being selected with due 
regard to the fact that high explosive and 
incendiary bombs are certain to be used as well 
as gas. Public shelters, ventilated with air 
purified by passage through filtration units, will 
be required for people caught in the streets, 
and similar shelters may be installed by im¬ 
portant organisations. The public will have to 
seek the shelter of their gas protected rooms 
immediately the air raid w^arning is given. As 
a second lino of defence to be used if the gas 
protection of the room is damaged or if a con¬ 
taminated area has to be evacuated, the public 
will bo provided with a simple but effective 
design of gas mask called the general civilian 
respirator. 

In addition, arrangements will have to be 
made for : 

(a) a gas detection service to examine the 
bombed areas, diagnose the nature of 
the gas used (if any), and indicate 
whether decontamination is required 
or not, 

{h) decontamination squads to render the 
bombed areas safe to occupy, 

(c) a first aid service to deal with casualties, 

which must inclufle first aid and decon¬ 
tamination centres for the treatment of 
the less serious casualties and the decon¬ 
tamination of the persons and clothing 
of people who may bo contaminated 
with gas, and 

(d) casualty clearing stations and hospitals for 

the more severe cases. 

These services will form part of the general air 
raid precaution services required to deal with 
all types of air raid and the detailed organisation 
will be the responsibility of the local authorities. 
The necessary technical details will be found 
in the series of Air Raid Precautions Handbooks 
which are issued periodically by the Air Raid 
Precautions Department of the Home Office and 
are obtainable from H.M. Stationery Office. 

J. D. P. 

CHEMICKING v. Bleaching. 

CHEMILUMINESCENCE. — Accepting 
the term “ luminescence ” to denote emission of 
light other than that due to temperature effects, 
“ chemiluminescence ” should denote the direct 
conversion of the free energy of chemical reaction 
into light energy. As, however, mere change in 
the energy levels of atoms may result in change 
of chemical properties and thus be considered as 
chemical action, and as possibly all radiation of 
wave-length shorter than the infra-red is due to 
release of this store of intra-atomic energy, a 
logical application of modern views would 
include all forms of luminescence as chemi¬ 
luminescent phenomena. The usual but un¬ 
defined terminology therefore restricts the term 
to those instances when light appears as a result 
of the formation of molecules of high energy 
levels during the production of new substances. 
In this sense the inclusion of, for example, such 
phenomena as crystallo- and tribo-luminesoenoo 
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is questionable; light emitted during crystallisa¬ 
tion of, say, sodium chloride may be ascribed to 
recombination of ions and as it seems significant 
that the colour is the same for both emissions 
when they can be observed in a single salt 
(Weiser, J. Physical Chem. 1918, 22, 439) 
a similar explanation should hold for tribo- 
luminescence, and its inclusion among chemi¬ 
luminescent phenomena in the above modified 
sense should then depend on the demonstration 
of chemical differences between crystals capable 
of exhibiting triboluminescence and aged crystals 
no longer possessing such ability. Again, in 
addition to the traditional use of the term 
“ phosphorescence,” this term is also used to 
denote the delayed omission of light by a 
substance after previous illumination, fluores¬ 
cence being the instantaneous reversal of 
illumination, and it is difficult to decide whether 
such phenomena are dependent on chemical 
action in the above sense. Thus Chakravarti 
and Dhar (Z. anorg. Chem. 1925, 142, 299) 
were unable to confirm the suspected relation¬ 
ship between fluorescence and oxidation of 
certain organic dyes, but a chemiluminescent 
interpretation is not easily disproved in other 
cases. The luminescence of slightly impure zinc 
sulphide on bombardment with a-particles is 
another border-line instance. 

The liberation of part of the energy of inter¬ 
action between molecules or atoms in the 
restricted sense may be the result of one of two 
mechanisms (Wegseheider, Rec. trav. ehim. 
1923, 42, 585): (a) the energised atoms or 

molecules emit radiation directly, or {b) the 
excess energy may bo transferred to other 
molecules which can then emit their own 
characteristic radiation. Although those con¬ 
ceptions have been experimentally realised in 
some instances, the mechanism of the majority 
of known instances of chemiluminescence is 
quite undetermined, our knowledge being 
limited to the visual observation of light. The 
following examples are therefore arbitrarily 
classified according to the physical state of the 
luminescing system. 

The luminescent oxidation of phosphorus 
vapour is among the best known of the pheno¬ 
mena under review (Chariton and Walta, Z. 
Physik, 1926, 89, 54), although still not com¬ 
pletely understood (Uowney, J.C.S. 1924, 125, 
347; Emel^us and Purcell, ibid. 1928, 628). F. 
Schacherl (Gazzetta, 1932, 62, 610) finds that 
phosphorus oxychloride exerts a positive 
catalytic effect and postulates the formation of 
the oxide P^O to explain the emission of light. 
Aerial oxidation of many organic vapours, e.g. 
ether, carbon disulphide, etc., produces “ cold ” 
luminous flames, while the light of the “ non- 
luminous ” Bunsen flame is a true instance 
of chemiluminescence. Oxidation of a 2% 
mixture of heptane in air producing visible 
radiation (H. Beatty and G. Edgar, J. Amer. 
Chem. Soc. 1934, 56, 102), the reaction between 
hydrogen and chloroform (H. Fromherz and i 
H. SchneUer, Z. physikal. Chem. 1933, 20, 158), 
polymerisation of acetaldehyde in presence of 
active hydrogen (H. Urey and G. Lavin, J. I 
Amer. Chem. Soc. 1929, 51, 3286), reaction of | 
sodium vapour with chlorine (Lialikow and | 


Terenin, Naturwiss. 1926, 13, 83; Z. Physik, 
1926, 40, 107), the “ afterglow ” of active 
nitrogen (Bonhoeffer, Z. Elektrochem. 1926, 32, 
536), etc., are all further instances of luminescent 
reactions in the gaseous phase. 

Some inorganic reactions in solution arc known 
to be chemiluminescent, e.g. many oxidations, 
the catalytic decomposition of hydrogen per¬ 
oxide by silver, platinum, etc., and the neutrali¬ 
sation of some oxides by cone, sulphuric acid. 
The great majority of known cases, however, 
are furnished by the oxidation of organic 
materials. Many aldehydes (Radziszewski, Ber. 
1877, 10, 321; * 1883, 16, 597), sulphur com¬ 
pounds (Delepine, Compt. rend. 1912, 154, 
1171), Grignard compounds (Lifschitz, Helv. 
Chim. Acta, 1918,1, 472 ; Duflbrd, Calvert and 
Nightingale, J. Amer. Chem. Soc. 1923, 45, 
2058 ; 1925, 47, 95 ; Evans and Diepenhorst, 
ibid. 1926, 48, 715) are luminescent on direct 
oxidation or on reaction with picryl chloride 
(Wedekind’s reaction), that of phenanthryl-9- 
magnesium bromide being particularly intense 
(W. Bachmann, J. Amer. Chem. Soc. 1934, 56, 
1363). Many dyes and phenolic compounds 
exhibit the phenomenon when oxidised with 
hydrogen peroxide or ozone in presence of ferrous 
sulphate (N. Bisw'as and N. Dhar, Z. anorg. 
Chem. 1928, 173, 125; 1930, 186, 154; 1931, 
199, 400). The emission of light on oxidising 
organic hydrazides is not uncommon, e.g. benz- 
hydrazide, benzene 8ul])honhydrazide, and sub¬ 
stituted derivatives (A. Witte, Rec. trav. chim. 
1935, 54, 471) that emitted by 3-aminophthal- 
hydrazide being spectacular as it is visible in a 
dilution of 1 ; 10® an intensity exceeded only 
by the luminescence acc'ompanying the oxida¬ 
tion of N N'-dimethyldiacridylium nitrate (I) 

Me(NO.)Ni;-^C— 

L J, 

I. 

which is visible in a dilution of 1:10^*^ 
(K. Gleu and W. Petsch, Angew. Chem. 1935, 
48, 57) (V. Acridine, Vol. I. p. 130r). 

Crystallo- and tribo-luminescence have already 
been quoted as extreme examples of chemi¬ 
luminescence among solids. Others are the 
reaction between antimony and chlorine (8. 
Bhatnagar and K. G. Mathur, Z. physikal. Chem. 
1930, 9B, 229), and the oxidation of solid 
sodium which is non-luminous in pure dry oxygen 
but becomes luminescent in presence of a trace 
of water vapour, HgS, dry HNOo vapour, 
or dry AcOH vapour, but not SO2 or the 
halogens (R. Bowie, J. Physikal Chem. 1931, 35, 
2964). 

Interpretation of certain bright lines in stellar 
spectra as due to chemiluminescence has been 
proposed (K. Wurm, Z. Astrophys. 1935, 10, 
133) while, on the other hand, the luminescent 
bacterial and fungal phenomena of dead fish, 
meat, wood, etc., have given rise to much 
work (bibliography, E. Harvey, Bull. Nat. 
Res. Council, U.S.A. 1927, 59, 50). Emission of 
light is not dependent on the living cell and is, 
indeed, in some species an extra-cellular pheno¬ 
menon, being, in fact, due to the interaction 
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of two materialg, luciferin and luciferase, in 
presence of oxygen. These may be separately 
purified and are remarkably specific, no light 
being emitted unless both components are 
obtained from the same or very closely related 
species ; although considerable knowledge of the 
conditions governing the luminescence has boon 
collected, the ultimate structural nature of 
these components is unknown, l^uciferin has 
many of the properties of a peptone, and 
functions with its oxidation product oxy- 
luciforin as a reversible system. The oxida¬ 
tion of luciferin is elfected by many oxidising 
agents but never with luininciscence. Luciferase 
possesses the properties of an albumin and 
appears to behave somewhat as an enzyme in 
the liberation of light. 

It is unfortunate that the intensity of chemi¬ 
luminescence is in general so small that the 
quantitative aspect has been somewhat neg¬ 
lected. Intensity of emission has sometimes 
been conveniently determined by visual methods 
of substitution such as were used by C. Thomas 
and R. Dulford (J. Opt. fcioc. Amor. 1933, 23, 
251) when studying the chemiluminescemie of 
Grignard compounds, but the sensitised photo¬ 
graphic plate or moving film presents advantages, 
e,g. for recording rapid fluctuations in intensity 
(Amberson, J. Gen, Physiol. 1922, 4, 517), 
Methods employing a photoelectric ceU onabUng 
very feeble sourt'es to be studied are particularly 
valuable ; A. Pospelow, B. Pyatnitzki, and 
S. Zhurkow (J. Russ. Phys. Chem. Soc. 1929, 
631 Phys. Pt.) have studied in this way the lumi¬ 
nescence of amarine and lophine when oxidised 
with bromine water. The spectral distribution 
of the emitted light is determined by spectro¬ 
scopic means, although when the source is too 
feeble the use of a series of colour screens of 
graded limits of transmission yields fairly 
accurate quantitative results (see Weiser, 
J. Physical Chem. 1918, 22, 439). 

Quantitative study of chemiluminescent 
phenomena has been concerned chiefly with 
(a) spectral observations, (h) energetics and 
efficiency (Bull. Nat. Res. Council, U.S.A., 
1927, 59, 1). Outstanding conclusions are the 
recognition of a general band and not a 
line spectral character; the fact, doducible 
on theoretical grounds (Harvey, J. Gen. Physiol. 
1925, 8, 89), that for the emission of light 
there must occur a state richer by 37-71 cals./ 
mol. than another condition to which transition 
occurs spontaneously. This energy limitation 
is certainly not the only condition that lumines¬ 
cence shall occur and may in a complex reaction 
only apply to an individual stage in the process 
so that it is not inevitably required that the 
total energy of reaction should lie within these 
limits. Thus the chemiluminescent decom¬ 
position of the iodide of Millon’s base is actually 
endothermic (Z. Petrikaln, Z. Physik, 1925, 
32, 569). It would then seem that estimations 
of the efficiency of chemiluminescent processes 
(i.e, the percentage of the total heat energy 
emitted as light) can only be of direct 
significance when the reaction is simple, and 
is rather of comparative value in the study, 
for instance, of a series of related compounds. 
Even here relationships are so obscure that 


generalisations are rarely possible, e.g. Lifschitz 
and Kalberer (Z. physikal. Chem. 1922, 102, 
393) studying the oxidation of Grignard com¬ 
pounds could trace no connection between the 
appearance or non-appearance of luminescence 
and heat of reaction. Nevertheless, estimations 
of efficiency have revealed at least the one 
remarkable fact that while the efficiency of 
“ pure ” <^hemiluminoscent reactions is in general 
very small (<I1%)» that of bioliiminesccnt pro¬ 
cesses seems uniformly high. Thus, while the 
light efficiency of the (incomplete) combustion 
of phosphorus vapour in air was calculated to 
be *00011% (Adams, Physical Rev. 1924, 23, 
771), Karrer estimates the luminescence 
efficiency of the firefly to be as high as 19-4% 
(J. Franklin Inst. 1918, 185, 775). 

Among a number of reviews of general and 
special aspects of chemiluminescence may be 
mentioned the following: F. yehacherl (Atti 
congresso naz. chim. pura appl., 1933, 4, 599; 
E. Rideal, Chem. News, 1929, 139, 36; Bull. 
Nat. Res. (buncil, U.S.A., 1927, 59, 1 ; H. 
Beutler, Angew. Chem. 1932, 45, 249 (theore¬ 
tical); J. H. Graham, Arner. J. Pharm. 1935, 
107, 245 (chemiluminescence and biophoto- 
getiesis). 

CHEMISORPTION v. Catalysts in In- 
DUSTiiiAL Chemistry. Vol. IT., p. 422r. 
CHENODEOXYCHOLIC ACID i'. Bile. 

CHENOPODIUM, ESSENTIAL OIL 

OF. American wormseod oil. The oil distilled 
from the flowering and fruiting plants of 
Cheno'podium ambrosioides, var. anthehninticum 
A. Gray (Chenopodiacese), a native of Central 
America and the West Indies. The commercial 
oil is distilled chiefly in Maryland and is known 
as Baltimore oil. Great care is reciuired during 
distillation as the chief constituent is decom¬ 
posed by overheating. High pressure steam is 
used and the distillation carried out as rapidly 
as possible. Yield 0*6 to 1-0%. 

Co7istituents ,—The main constituent is ascari- 
dole (q.v.) a body closely related to cineole, hav¬ 
ing a peroxide structure. Ascaridole decomposes 
with explosive violence on heating to 130°-160®. 
Other constituents arc p-cymeno, terpinene, 
A^'8(9)menthadieno, and traces of butyric acid, 
safrolo, and methyl salicylate. 

Characters .—A colourless or pale yellow liquid 
with a disagreeable, penetrating camphoraceous 
odour and a burning, bitter taste. Sp.gr. 0-960- 
0-980 at 15-5°, optical rotation -4° to -8^ 
1-474-1-479. Soluble in 3 to 10 vols. 70% alcohol. 
Contains not less than 65% ascaridole, deter¬ 
mined by the process described in the “ British 
Pharmacopoeia.” It is employed in medicine 
as an anthelmintic for the treatment of hook¬ 
worm and round-worm. 

C T B 

CHERIMOYA. The fruit of Anona Cheri- 
molia MiU. It is apparently indigenous to 
certain districts of Ecuador, and is cultivated 
in Mexico and other tropical regions of South 
America. The fruit somewhat resembles the 
pineapple in shape and may be either smooth 
or spiny, weighing 0-5-1 lb. Its characteristic 
flavour results from its high sugar content 
modified by the presence of various acids. 
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Thompson (Hawaii Agric. Exp. Sta. Rept. 
1914, 62) recorded the following analysis of 
the fruit: total pulp 84%, total solids 33*8%, 
protein 1-84%, fat acids (as malic) 

0-09%, reducing sugars 15-34%, sucrose 3-07%, 
fibre 4-29%, ash 0-67%. 

A. G. Po. 

CHERRY. The fruit of Prurtvs avium L. 
(or P. Cerasus, var. avium), the sweet cherry, 
and of P. Cera,ms L. (or Cera,ms vulgaris 
Mill.), the sour cherry. The latter are also 
known as Morello cherries (dark varieties) or 
amarelles (light varieties). Cherries are utilised 
as dessert and culinary fruit or be canned, 
dried or candied. Maraschino cherries used in 
confectionery are sweet cherries bleached with 
sulphur dioxide, split and stoned, dyed with 
Ponceau 3R, and preserved in syrup. The 
liqueur maraschino is prepared from the sour 
cherry. Black Forest and Swiss “ Kirsch- 
wasser ” is distilled from fermented sweet 
cherries. 

The composition of the flesh of cherries, 
which represents 94-95% of the weight of the 
whole fruit, averages (% fresh weight) ; 
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Windisch and Schmidt (Z. Unters. Nahr.- 
Genussm. 1909, 17, 584) record the following 
analyses of the juice of sour and sweet varieties 
as: 


6c . 

W rH H « 
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o d 




Sour 1-064 16-8 0-43 1-40 9-32 0-96 0-14 0-5 
Sweet 1-067 17-6 0-48 0-64 11-10 0-26 0-09 0-5 


According to Hartman and Bullis (Oregon Agric. 
Exp. Sta. Bull. 1929, No. 247), the ripening of 
cherries is associated with an increase in sugar 
and non-sugar solids and a decrease in acidity, 
tannin content and astringency, values recorded 
being: 


Acids tas 
malic). 

Date. % pn. 

June 23 0-75 3-68 

Aug. 1 . 0-72 3-96 


Non-siig.ar 
Sugars. solkls. 

% % 

7-4 3-4 

16-5 6-2 


The sugars consist almost entirely of sucrose, 
glucose and fructose. Traces of inositol are 
present. The principal acid is malic acid, and 
there are very contradictory reports as to the 
presence of small amounts of succinic, citric 
and tartaric acids. 

Traetta-Mosca el al. (Annali Chim. Appl. 1923, 
18, 333) have shown that unripe but not ripe 
fruit contain a peroxydase, invertase and 
emulsin being present at aU stages of growth. 


The emulsin, according to Hofmann (Bioohem. 
Z. 1934, 272, 426), contains a large proportion of 
jS-glucosidase and very little jS-galactosidase. 

The colouring matter of eheiry skins has 
been characterised by Willstatter and Zollinger 
(Annalcn, 1916,412, i64) as keracyanin (chloride, 
C 27 H 31 O 15 CI) yielding on hydrolysis with 
hydrochloric acid, cyanidin, glucose, and 
riiamnose. Tt thus appears to be a diglucoside 
of cyanidin, 

Konig gives the composition of the ash as: 
K 2 O 54-8, Na20 4-4, CaO 5-8, MgO 5-4, 
FegOg 1-5, Mn304 0-8, PgOr, 15-6, SO 3 5-4, 
SiO2 5-0, Cl 1-6 %. 

The iron content of cherries appears to vary 
considerably with the type. Minor elements 
recorded by various analysts include: AI 34-9, 
Cu 1-6, Zn 1-5 mg. per kg. fresh weight. 

The kernels of cherry stones average about a 
quarter of the weight of the stone and contain 
HgO 6-3%, protein 28-0%, ether extract 38-7% 
(Alpers, Z. Unters. Nahr.-Genussra. 1917, 
34, 433). 

A. G. Po. 

CHERRY KERNEL OIL is the fatty oil 
present to the extent of 30-40% in the seed- 
kernels of the cherry, Prnnus Cerasus L. 
Since 1926, attention has been paid in the 
United States to the recovery of the oil on a 
comujcrcial scale from the kernels of the sour 
cherry, which are available as a by-product of 
the cherry-canning industry. About 34 tons 
was thus prepared in 1929, but the potential 
ju-oduction of oil, assuming aU the pips separated 
at the canning plants were utilised for this 
purpose, has been estimated at about 2,000 
tons per annum. Refined cherry kernel oil is 
pale in colour and of a bland flavour, and the 
American product is reported to have good 
keeping properties. It resembles almond and 
apricot kernel oils in many respects and is 
similarly employed in the manufacture of 
cosmetic and pharmaceutical preparations; 
it is also suitable for use as a salad or culinary 
oil. The following figures have been recorded 
by Jamieson and Gertler (Oil and Fat Ind. 1930, 
7, 371) for a commercial specimen of refined 
American cherry kernel oil: 0-9183, 

saponification value 190-7, iodine value (Hanus) 
115-8, unsaponifiable matter 0-5%; the fatty 
acids consisted of 2-9% of stearic acid, 4-2% 
of palmitic acid, 49% of oleic and 42% of linolic 
acid, together with traces of myristic (?) and 
arachidic acids. Iodine values from 109 to 
123 have been recorded by other observers 
for crude cherry kernel oils from various sources 
(r/. Alpers, Z. Unters. Nahr.-Genussm. 1917, 
34, 433 ; Spitaleri, Drug and Cosmetic Ind. 1936, 
38, 331; Tilgner, Konserven Ind. 1931, 18, 
257). 

The oil gives orange or reddish colorations in 
the Bieber and Kreis tests {see Almond Oil). 
According to Rabak (U.S. Dept. Agric. 
BuU. 390, 1916; Oil and Soap, 1932, 9, 210) 
fresh cherry kernels contain a glucoside of the 
type of amygdalin, about 1 % of volatile oil, 
resembling essential almond oil (g.r.) being 
recoverable from the press-cake remaining from 
the expression of the fatty oil (the kernels from 
imported cherries, which had been preserved by 
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treatment with sulphur dioxide and brine, 
however, did not have the characteristic “ bitter 
almond ” taste). The residual seed meal, after 
recovery of the fatty oil, could be used as a 
fort/iliser, or, if freed from volatile oil (hydro¬ 
cyanic acid) as an ingredient of cattle-food. 

E L 

CHERRY-LAUREL, ESSENTIAL OIL 

OF. Obtained by distillation of the leaves of 
Prunus Laurocerasus Linn. (Fam. Rosaceae), a 
native of Persia, and cultivated generally as an 
ornamental shrub. The leaves contain a 
cyanogenctic glucoside laurasm which interacts 
with an enzyme yielding bcnzaldehyde and 
hydrocyanic acid. The oil separates from the 
distillation water with a yield of 0-05%. 

Characters. — 8 p.gr. 1()5() to 1*065, optical 
rotation —0° 30' to -f(P 30'. Contains about 
98% of benzaldehydc. The distillation waiter is 
standardised to contain 01 % of hydrocyanic 
acid, and is used in medicine under the name 
cherry-laurel water, principally in eye lotions. 

C. T. B. 

CHERRY-LAUREL LEAVES. Lauro- 
cerasi folia (B.P.); leaves of Prun us Laurocerasus 
Linn. I 

CHERT. A compact form of silica essentially 
the same as flint, differing from tliis mainly 
in its geological occurrence. The name flint is 
usually restricted to the nodules of irregular 
shape found in the chalk of Cretaceous age, I 
whilst chert more often forms slabby masses, 
sometimes thick beds, in rocks of all geological 
periods. It is usually associated with limestones 
and dolomites, and sometimes a gradual passage 
can be traced between the two, suggesting that 
the beds of chert have been formed by the 
silicification (metasomatic replacement) of 
limestone. Fossils are also replaced by silica, 
but there are also often present sponge spicules 
and the siliceous tests of radiolaria. In the 
latter case the silica is of organic origin ; while 
in others it has no doubt been deposited from 
solution as colloidal silica, which has later 
crystallised on a minute scale. The micro- 
crystalline material consists of finely granular 
quartz and fibrous chalcedony, together with 
some opaline silica. The fracture of chert is 
more uneven and splintery and the broken 
surface less smooth than in typical flint. 

The material varies considerably in appear¬ 
ance, ranging from white to black in colour, and 
sometimes with a cavernous texture. It also 
varies in chemical composition. Analyses by 
H. F. Harwood (Geol. Mag. 1923, 60, 177) of 
chert from north Flintshire show SiOj 94*45- 
97*83, AI 2 O 3 0*36-2*42, Fe^O^ 0-0*28, FeO 
0 - 0 * 22 , CO2 0-2*72, C 0-0*60%. A coUection 
of analyses of chert from American localities is 
given by W. A. Tarr (Univ. Missouri Studies, 
1926, 1, no. 2 ); one, from Joplin, Missouri, 
shows SiOg 99*46, while a calcareous chert 
from Grand Falls, Missouri, shows SiO* 63*67, 
CaCOa 32*12%. 

Deposits of chert are worked at Bake well in 
Derbyshire, Halkin in Flintshire, and Reeth in 
Yorkshire, and the crushed material is used in 
the production of pottery glazes, and for 
grinding and polishing. (H. C. Sargent, Geol. 
Mag. 1921, 68 , 266; 1923, 00, 168; 1929, 66 , 


399 ; W. A. Tarr, The Origin of Chert and 
Flint, Univ. Missouri Studies, 1926, 1, no. 2; 
Special Reports on the Mineral Resources of 
Great Britain, Mem. Geol. Survey, vol. 6, 
Refractory Materials: ganister and silica rock, 
2nd ed., 1920.) 

L. J. S. 

CHESSYLITE or AZURITE. Hydrated 
basic copper carbonate, 2CuC03*Cu (OH)2, 
forming monoclinic crystals of an azure-blue 
j colour. Finely crystallised specimens have been 
I found in abundance in an old copper mine at 
[ Chessy, near Lyons, in the south of France, and 
j on this account the mineral is often known as 
j chessylito (Brooke and Miller, 1862); the name 
azurite (F. S. Beudant, 1824) refers to the 
characteristic colour. Sp.gr. 3*8,* hardness 
3|-4. It occurs as an alteration product of 
chalcopyrite and other sulphide ores of copper in 
the upper oxidised zones of mineral veins ; and 
it is itself often altered to malachite, the green 
carbonate (CuCOg-Cu(OH)2). Fine crystals 
are also found at Broken HiU in New South 
Wales, Tsumeb in South-West Afric^a, and at 
Bisbee in Arizona; at the last-named place it 
occurs, together with malachite, in sufticient 
abundance to be mined as an ore of copper. 
It was also formerly mined at Burra-Burra in 
South Australia. From Arizona come pretty 
specimens, with azurite and malachite banded 
together, which are polished for use in cheap 
jewellery. Powdered azurite was formerly 
used as a pigment under the name “ mountain 
blue,” but this is now replaced by an artificial 
product. 

L. J. S. 

CHESTNUT. Under the general title 
” chestnut ” are included : 

(1) The sweet chestnut, the seed of Castanea 
saliva Mill (or C.vesca Gaortn.), the European 
species, of the large American species, C. 
deniaia Borkh., and of two smaller, dwarf¬ 
growing species, C. purnila Mill, and C. alnifolia 
Nutt, (the American chinquapins). 

(2) The horse chestnut, the seed of Msculus 
IJippocastanum L. 

(3) The water or horn chestnut, the horned 
fruit of Trapa natans (European), of T. bicornis 
(Chinese), or of T. bispinosa (Indian). 

(4) The (Chinese water chestnut, which is the 
onion-shaped corm of LJ leocharis tuberosa 
8 chult. 

The sweet chestnut is eaten roasted, or skinned 
and minced as a dressing for poultry, etc., or 
in Italy is prepared as a flour and used for 
cooking. 

The horse chestnut, although rich in nutrient 
material, has a bitter flavour which precludes 
its use as a human food. Auld (J.S.C.I. 1913, 
32, 173) records that the nuts are not markedly 
poisonous to animals and may be used in 
moderate proportions as a cattle food. Serger 
(Chem.-Ztg. 1916,40,221) prepares a satisfactory 
cattle food by boiling the coarsely ground nuts 
with successive portions of water. 

The starchy kernel of the horn chestnut or 
Jesuits’ nut renders it serviceable directly 
as a food, or for the manufacture of a flour, or 
as a source of a commercial starch. 

I The corms of the true water chestnut are eaten 



CHESTNUT EXTRACT. 27 

either raw or cooked by the Chinese and may also I The average percentage composition of these 
be used for the preparation of starch. | “ chestnuts ” (kernels) is : 
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^ Baker and Hiiltoii, Analyst, 191K, 43 , 32. 

® Lconclnl and Manetti, Staz. sper. agr. ital. 1011, 44 , OG, 113. 
^ Quoted by Anld (l.n.). 

* Baker and Hulton (l.c.). 

® Brahmaeharl and Ohatterjee, Indian Med. Gaz. 1927 62, 305. 

® Adolph, Philippine J. Hel. 1920, 30, 287. 


In addition to the carboliydrate material cited 
above, Baker and Hulton record 5 09% pento¬ 
sans in dried horse chestnut and 3 06% in sweet 
chestnuts. In water chestnut Hemrni has isolated 
a hemioellulose yielding i-arabinose on hydro¬ 
lysis. 

The bark, and to a small extent other parts, 
of the horse chestnut tree (iontains the glueoside 
lesculin (q.v,). Masson (Bull. Sci. Pharmacol. 
19l8, 25, II 65) records the presence of aesculic 
acid (needles, m.p. 214°-215°) and wsculinic acid 


(yellow needles, m.p. 230^-23P, laevorotary) 
in the cot^dedons. He Vevey (ibid. 1908, 15, 
696) describes a second glueoside, argyresciUt 
C 27 H 42 O 12 , yielding glucose and argyrin on 
hydrolysis. 

From the sweet chestnut Venezia (Ann. R. 
Ist. super agrar Portiei, 1932, 5, 136-139) 
isolated the polyalcohol castagniiol. 

Kernels of the horse chestnut contain an oil 
somewhat resembling almond oil. Two avail¬ 
able analyses give : 



40* 

Sapon. 

value. 

Iodine ; 

value. 

Reichert- 
Meissl 
value. ; 

Polenske f 
value. j 

1 

Hehner 
value. 1 

Acetyl ! 

value. 

1 

Acid 

value. 

Unsapon. , 
matter. 

Refractive 

index. 

Analyst. 

(“) 

0-926 

194-5 

95-4 

1-54 


92-5 

13-5 



1-4747 

Chaplet.^ 

(6) 

1 

175-5 

99-0 

1-01 

0-42 

92-8 


11-67 

2-50 

1-4710 

Heiduschka 
and Zeileis.® 


^ Key. chim. Iiid. 1913, 32, 173. 2 z Uuters. Nahr.-Gonussm. 1917, 33, 440. 


In an examination of protein (constituents of 
the horse chestnut, Belozerski and Dubrovskaja 
(Biochimia, 1936, 1 , 665) isolated a globulin 
hippocaatanirit and a nucleo-protein which on 
hydrolysis yielded amino-acids of similar 
composition to those from hippocastanin, and 
nucleic acid from which guanine, adenine, 
cytosine, thymine and laevulic acid were 
obtained. Colby gives the following analysis of 
the ash of sweet chestnut kernels; KgO 48*7, 
NagO 1-2, CaO 4-6, MgO 81, FegOg 0*4, 
MnjOj 0 - 2 , P 2 O 5 23-55, SiOg 0-18, SO, 
12*8, Cl 0-34%. Small amounts of copper and 
zinc are also present. 

A. G. Po. 

CHESTNUT EXTRACT. The wood of 
the sweet or Spanish chestnut (Castanea vesca)^ 
though it contains only 3-6% of tannin, is the 
source of the much valued chestnut extract. 


The bark contains more tannin (17%) than the 
wood, but is not much used. The tree, which 
grows to a height of 60-80 ft., is abundant in 
Italy, the South of Franco and Corsica, where it 
forms immense forests, and it is also very 
common in America. 

Freudenberg and Walpuski (Ber. 1921, 54, 
[B], 1695) isolated the crude tannin and, by 
hydrolysis with dilute sulphuric acid, obtained a 
small amount of quercetin, traces of gallic acid, 
sugar (2%, chiefly dextrose), and ellagic acid 
(15-20%). All these are present in the com¬ 
bined form. No sugar was produced by the action 
of emulsin, thus indicating that quercetin and 
ellagic acid are not present as glucosides. 
Purification of the crude tannin was effected 
by the action of aspergillus-tannase, then pre¬ 
cipitating with a lead salt and decomposing 
the precipitate with hydrogen sulphide. The 





28 


CHESTNUT EXTRACT, 

purified tannin is a yellowish-red, strongly acidic 1914, 80, 212) and Chapman, Perkin and 
Bubstance, almost insoluble in ethyl acetate, and Robinson (J.C.S. 1927, 3015). The sample con- 
yields only 3% of ellagic acid when heated for sisted of duU red fragments possessing a 
6 hours with 3% sulphuric acid. The acidity peculiar camphoraceous odour, was insoluble in 
indicates a molecular weight of about 400 or water, alcohol and dilute alkalis, and contained 
some multiple thereof. It gives a blue colora- approximately 4 % of colouring matter as calcium 
tion with iron salts, but is not precipitated by or magnesium lake, 23% of peaty matter, per- 
bromine water and does not contain phloro- haps “ aryane,” a wax, and a resin in small 
glucinol. Chestnut tannin thus appears to be a relative amount. The mineral matter as ash 
representative of a new type of tannin and to be (38%) consisted mainly of lime, magnesia and 
closely allied to that of the native (German) silica, together with some potassium carbonate, 
oak. 'J’he jjowdered carajura, after boiling with 

Miiller and Zellncr (Biochem. Z. 1935, 277, benzene to remove wax, and digestion with 
383) describe the precipitation of a phlobaphenc, dilute hydrochloric acid at 95°, was extracted 
empirical formula C 27 H 2 ()Oiq, from chestnut with boiling alcohol. The residue obtained on 
tannin extract. When oxidised with alkaline evaporation was digested with boiling benzene. 


peroxide, it yields a product, Cj 4 Hg 0 g, 2 H 20 , 
decomposing at 400°, whicdi resembles but is not 
identical with ellagic acid. Distillation of the 
phlobaphenc with zinc dust gives anthracene 
and naphthalene, but no fluorene, whilst by 
fusion with potassium hydroxide protoc'atechuic 
acid, succinic acid and })yrogallol are produced. 

From the leaves of the Cafitanea vcsca, Xur- 
meier (Collegium, 1927, 273) isolated a tannin 
from which, by hydrolysis, 8-9% of ellagic acid 
was obtained. The methylated tannin has the 
composition C 24 Hi 208 (OMe)g, and yields 
trimethyl citrate on distillation. Miinz {ibid. 
1929, 499) obtained 3*8% of a tannin, a galloyl- 
hexose, from the same source. 

Chestnut is employed almost entirely in the 
form of extract, the strength of which varies, 
but usually contains from 2G to 32% of tannin. 
The extract is frequently decolourised, and 
sometimes mixed with quebracho extract and 
other materials. Chestnut tannin is the tannin 
which is most largely employed for the dyeing of 
silk. Caetanea vesca appears to be frequently 
confused with the horse-chestnut, Msculm 
Hippocastanum, The tannin derived from this 
latter is, however, of little or no practical value 
(c/. Poliak, Collegium, 1913, 291). 

A. G. r. and E. J. C. 

CHIAN TURPENTINE. A turpentine 
derived from Pistdcia Terebinthus Limi. 

CHIASTOLITE r. Andalusitk. 

CHICA RED and CARAJURA. These 
are rare pigments prepared by the Indians of 
Central America from species of Bignonia which 
are very similar in appearance and may contain 
as a basis the same colouring matter. According 
to Crookes (“ .Dyeing and Calico Printing,” 
1874, p. 388) chica is obtained from the leaves of 
the Bignonia Chica, which the Indians boil with 
water, and add some particles of the bark known 
as “ aryane ” to the decanted liquid, which 
causes the precipitation of the colouring matter. 
An interesting r^sumd of what is known of chica 
and similar preparations is given by Holmes 
(Pharm. J. 1901,12, 595). Lee (J.C.S. 1901, 79, 
284) describes the preparation of a pigment from 
the heartwood of Bignonia Tecoma. 

Erdmann (Jahresber. 1857, 487) isolated a 
colouring matter from an alcoholic extract of a 
specimen of chica red said to be derived from the 
leaves of the B. chica, and assigned to it the 
formula CgH^Oj. 

The colouring matters present in carajura 
have been studied by Perkin (Proc, Chem. Soc. 


by which means carajurin, the main colouring 
matter, was isolated. Subsequent extraction 
of the residue with boiling acetone yielded a 
second colouring matter, carajurone, as an 
indistinctly crystalline scarlet mass. 

Carajurin, C 45 H- 702 ( 0 H) (OMelg, garnet 
needles, m.j). 205°-207°, is sparingly soluble in 
hot benzene and alcohol, more readily so in 
pjuldine. It dissolves sparingly in dilute 
aqueous caustic alkalis to orange-red solutions 
which become brown on keeping, but does not 
dissolve in boiling dilute aqueous ammonia 
(distinction from carajuretin). With alcoholic 
lead acetate carajurin gives a solution which 
slowly deposits pale red needles, whereas 
alcoholic ferric chloride gives a brownish-violet 
solution whi(;h becomes brown on the addition 
of an excess of the reagent. Well-defined, 
crystalline, orange-red oxonium salts arc 
obtained with acids, and from these the base is 
easily recovered. Bromination of carajurin 
yields a compound, 

Ci 7 Hj 405 Br 4 , orange needles, which is 
apparently both a hydrobromide and a per- 
bromide; on treatment with boiling acetone it 
is changed into dibromocarajurin, Ci 7 H, 205 Br 2 , 
bright red needles. These bromo-derivatives do 
not melt, but become carbonaceous powders at 
300°. 

In many respects carajurin resembles the 
anhydrohydroxybenzopyranol bases prepared 
by Bulow and his collaborators. The coloured 
anhydrohydroxybonzopyranols have frequently 
been found to yield colourless derivatives of 
hydroxybenzopyranols, and by acetylation of 
carajurin a colourless triacetyl derivative, m.p. 
142°, of hydrated carajurin is obtained. Further, 
fusion of carajurin with caustic alkali affords 
p-hydroxybenzoic acid, whilst by boiling with 
concentrated aqueous potassium hydroxide, p- 
acetylanisole is produced. 

Demethylation of carajurin with hydriodic 
acid gives carajuretin hydriodide, CigHj^Orl, 
which has the composition and properties oi a 
tetrahydroxyflavylium iodide. Its constitution 
was established by the synthesis of scutellarein- 
idin chloride: 


Cl 
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which proved to be identical with carajuretin 
hydrochloride. 

The action of cold pyridine on carajuretin 
hydriodide leads to the formation of carajuretin^ 
C 15 H 10 O 5 , scarlet needles which become black 
at 330° without melting. With acetic anhydride 
and pyridine in the cold a colourless penta- 
acetyl derivative, m.p. 156°-157°, of hydrated 
carajuretin is obtained. 

In considering the structure of carajurin 
there are four possible arrangements differing 
only in the position of the substituents in the 
trihydroxybenzene nucleus : 






O 


IV. 


Of these (II) and (III) are tautomeric and 
would yield the same hydrochloride. The 
S 3 mthe 8 is of this hydrochloride, however, proved 
that it was not identical with carajurin hydro¬ 
chloride. The choice between (I) and (IV) 
cannot yet be made definitely, but (I) is prefer¬ 
able on account of the colour and stability of 
carajurin. 

Carajurone, m.p. 183°-186° (decomp.), dis¬ 
solves in aqueous sodium carbonate to a 
brownish-red solution, the colour of which is 
neither so intense nor so persistent on dilution 
as that obtained from carajurin under similar 
conditions. The ferric chloride reaction closely 
resembles that given by carajurin; alcoholic 
lead acetate gives a maroon-coloured precipitate. 
The substance combines with strong acids form¬ 
ing oxonium salts, and there can be little doubt 
that it is a carajuretin raonomethyl ether. 
The perceptible odour ofp-acetylanisole observed 
on boiling a solution of carajurone in con¬ 
centrated aqueous sodium hydroxide indicates 
that the methoxyl is in position 4^ 

Dyeing Properties .—Carajurin and carajurone 
dye mordanted fabrics in almost identical shades, 
whereas those given by carajuretin are somewhat 
yellower. The following comparative results 
were obtained on mordanted wool: 



Chroinium. 

Aluminium. 

Tin. 

Iron. j 

1 

Carajurin . 

Deep maroon 

Dull brownish-red 

Bright scarlet 

Deep violet- i 

maroon 

Carajurone 

Deep maroon 

Dull brownish-red 

Dull scarlet 

Deep violet- 
maroon 

Carajuretin . 

Brown 

Dull brownish- 
orange 

Brownish - s carlet 

Brownish-maroon 


A. G. P. and E. J. C. 


CHICK PEA. An annual legume, Gicer 
arietinunif extensively grown in India, where 
it is known as Bengal grain, and in the Mediter¬ 
ranean countries. The seeds form a valuable 
food for cattle, or, after removal of the husks, 
for man. They are boiled and eaten as a 
vegetable or in some countries are roasted and 
used as a coffee substitute. A preparation of 
roasted chick peas forms an important food 
substance {Lebleliji) in Bulgaria. In India 
the young leaves are sometimes fried in oil. 

The chick pea plant differs from the majority 
of common pea species in possessing numerous 
glandular hairs which secrete acid material 
consisting mainly of citric, malic and oxalic 
acids (G. R. Milne, J. Roy. Tech. CoU., 1934, 3, 
330). 

Average analyses of chick peas and of 
Lebleliji by Zlataroff and Stoikov (Z. Unters. 
Nahr.-Genussm. 1913, 26, 242) are: 


Chick 

peas 

Lebleliji 


I 

£ 


“T W 

Z (o 


10-47 22-6 6-08 66-14 49-33 3-09 2-88 
. 6-14 24-8 6-09 68-0 67-99 2-21 2-73 


The composition of the dry matter of stems, 
leaves, and seeds according to Passerini (Staz. 
sper. agr, ital. 1891, 21, 20) is : (as percentages); 


Other 





Collii- 

carbo- 


Nitro¬ 


Protein. 

Fat. 

lose, hydrates. Ash. 

gen. 

Stems 

6-35 

1-8 

35-0 

49-0 

7-81 

1-62 

Leaves 

14-21 

4-1 

13-9 

68-9 

8-83 

2-27 

Seeds 

26-20 

5-2 

1-7 

63-6 

3-30 

4-19 


The nitrogen distribution of seeds examined by 
Zlataroff (Z. Unters. Nahr.-Genussm. 1916, 31, 
180) is given as: total nitrogen 3-34, protein 
nitrogen 2 - 11 , nuclein nitrogen 0 - 10 , ammoniacal 
nitrogen 0-10, peptone nitrogen 0-007, amido- 
nitrogen 0-01, amino-nitrogen 0 - 12 . Ivanov 
(Bui. Appl. Bot. Leningrad, 1933, III, No. 1 , 3) 
observes a very wide range of protein content 
depending on growth conditions. Extreme 
values were 12-3% and 31-6%, the lowest 
occurring in soils from which the specific 
nodule bacteria were absent. The composition 
of the globulin of chick peas is shown by 
Narayana (J. Indian Inst. Sci. 1930, 13, A, 163) 
to be: 
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Cystine . 
Tyrosine 
Tryptojjhan 

Arginine 

Lysine 
Histidine . 


% 

0-88 

4-90 

0*41 

10-3 (van Slyke) 
12-1 (direct) 

7-6 

10 


or for the detection of common adulterants, e.g. 
ground sugar beet or artichoke. Wynter Blyth 
quotes the following for fresh roots : 

Cellulose 

Gummy Glu-Bitter cx- inuliii and 
Water, matter, cose, tractive. Fat. fibre. Ash. 
% % % % % % %• 
77*0 7-5 M 40 0-6 90 0-8 


Small amounts of adenine, betaine, and choline 

were detected by ZlatarofF, who also records the 

nature of the phosphorus compounds as : 

0 / 

/O 

Protein—P 2 O 5 . 0-486 
Lecithin . . . 0-142 

Soluble organic . 0-244 

Inorganic . . . 0*118 

Total PgOg . . 0-998 

The seeds also contain appreciable amounts of 
inosite and phytin. 

The fat present in the seeds has the following 
characteristics : sp.gr. at 15° 0-9396-0-9376, 
solidifying point -~19-5”, 1-4744, Baponiiica- 

tion value 240, the acid number of the crude 
fat is 0-3 to 0-5, iodine value 110-119, Keichert- 
Meissl value 4-51, Polensko value 1 - 1 , Hehner 
value 91 - 6 , ester value 239-5, unsaponifiable 
matter 0-48%. The separated fatty acids have 
m.p. 25°, iodine value 129. 

Zlataroff {l.c.) records the presence of 0-3% 
of a sterol slanutosterol (acetate, m.p. 128°). 
Passerini {l.c.) gives the composition of the ash 
as: KgO 24-6, Na^O 1-29, CaO 4-45, MgO 
19-98, FegOj 2-42, PjO. 39-56, SO, 3-38, 
SlOa 2-85, and Cl 0-71%- 

A. G. Po. 

CHICLE. Chicle or chicle gum, as it is 
often termed, is the thickened latex of a Mexican 
tree, Achras Zapota. It is used to a considerable 
extent in the manufacture of chewing gum. The 
commercial article is a mixture of water-soluble 
gums resins, and mineral matter. Prochazha 
and Endemann (Pharm. J. 1879, 9, 1045, 1065) 
give the following analysis of a clean sample of 
chicle: 

% 

Soluble in water . . 25-00 (gum and 

mineral salts) 

Alban.33-75 

Fluavil.22-50 

Hydrocarbons soluble 
in ether . . . 6-00 

Hydrocarbons insoluble 
in ether .... 12-75 

E. J. P. 

CHICORY. Cichorium Intybus. In addi¬ 
tion to the widespread use of the ground 
roasted root for admixture with coffee, the 
green plant itself forms a serviceable food, and 
the young green leaves, blanched by growing in 
cellars or by covering with soil in the open, are 
used raw as a salad or boiled and eaten as a 
vegetable—the French endive. 

Complete analyses of chicory are seldom 
reported; the majority of published data relates 
to partial analyses, which may serve to deter¬ 
mine the composition of coffee-chicory mixtures 


Earlier analyses by Mayer (Bied. Zentr. 1885, 
828) give; 

Albumin- letter 


Water, olds. Fat. Inulin. Fibre. Siipjar. extract. Aah 

0/ O, 0/ O <), o- 0/ 0/ 


% 

% % % 


% 

% 

% 

72 

1-1 0-2 12-0 

1-4 

5-6 

0-5 

1-4 

to 

to 

to 

to 

to 

to 

77 

17-3 

1-8 

6-0 

0-15 

1-9 


During the roasting process there is considerable 
destruction of inulin and the roasted product 
contains increased proportions of reducing 
sugars together with dextrin and caramel. 
Petermann found pure roasted chicory to con¬ 
tain : 

Water-soluble material (74*2%). 

Dextrin and ColourinR 

Water. Glucose. inulin. Protein, matter. Ash 

°o % */'«> % °(> %. 

Iff3 26-1 9-6 3-2 16-4 2-6 

Water-insoluble material (25-8%). 

Protein. Fat. Cellulobe. Ash. 

% % % % 

3-2 5-7 12-3 4-6 

An approximate determination of the composi¬ 
tion of mixtures of coffee and chicory may ho 
made, according to Leebody, on the basis that 
the tinctorial power of chicory is roughly throe 
times that of coffee. 

The characteristic odour of roasting chicory 
has been examined by Reichstein and Beitter 
(Ber. 1930, 63, [B], 816), who record that the 
volatile matter produced contains acetaldehyde, 
acetone, diacetyl, j5y-diketopentane, furfuraldo- 
hydo, 5-hydroxymethyl-furfuraldehyde, maltol, 
furan, methyl and furfuryl alcohols, acetic, 
pyruvic, lactic, pyromucic and palmitic acids, 
together with traces of phenols and a neutral 
oil. These substances may be regarded as 
derived from carbohydrate materials. The 
large proportions of furfuraldehydo and hydroxy¬ 
methyl furfuraldehyde which are derived from 
inulin, together with the absence of volatile 
nitrogen and sulphur compounds, form a 
marked contrast with the products obtained 
during the roasting of coffee. Hehner and 
Skertchly have suggested the determination of 
furfuraldehyde (as a measure of pentosans) for 
detecting the presence of chicory in coffee. 
The pentosan content of coffee is 6*0~6*6%, and 
that of chicory 2-5% (Analyst, 1899, 24, 178). 

During storage of chicory roots inulin is 
partially converted into inulide, and possibly 
into other more easily fermentable products. 
Wolff and Geslin indicate the presence in the 
roots of an enzyme which effects the transforma¬ 
tion ; inulin inulide -> fructose (Compt. rend. 
1917, 165, 661; 1918, 166, 428). This change 
may be brought about in a quantitative manner 





CHINA GRASS. 


31 


by heating at 80°-100°, or in an autoclave, 
with appropriate amounts of mineral acid, 
(Bobkov, Z. Spiritusind. 1936, 59, 97, 239, 247). 
In another investigation Wolff (Compt. rend. 
1916, 164, 514) records that the roots contain a 
substance (probably an enzyme) which he terms 
inulo-coagulase, which coagulates inulin in the 
expressed juice. Its action is apparently 
specific for inulin. 

The bitter principle of chicory is probably 
a glucoside of fructose and pyrocatechuic 
aldehyde (Grafe, Biochem. Z. 1915, 68, 1). 
Zellner and Richling (Monatsh. 1926, 47, 695), 
in examining the juice of roots, give the formula 
CigHgoOg to the bitter substance, and also 
report the presence of a stearin, raannite and 
tartaric acid. Wolff also described (1899) an 
optically inactive sugar whicdi he named 
synanthroHC. Grafe (Beitr. Biol. Pflanz. 1935, 
28, 336) states that a glucoside occurs in 
chicory in which inulin functions as the carbo¬ 
hydrate. 

Betaine and dioline occur in small amounts in 
chicory and are not affected by the roasting 
process. Adulteration of chicory with sugar 
beet (which contains approximately seven 
times the quantity of betaine) is thus easily 
detected (Vondrak, Zentr. Zuckerind Czecho- 
slov. 1929,53, 366). A microscopical method for 
this purpose is based on the occurrence of 
crystals of calcium oxalate in certain cells of 
sugar beet examined after removal of colouring 
matter by rej)eatod washing with sodium 
hypochlorite solution (Collin, Ann. Falsif. 1916, 
9, 271). 

The presence of chicory in coffee may be 
ascertained by determination of the cupric- 
reducing power of the extract. Roasted coffee 
contains 1 •9-2-6% and roasted chicory 25-27% 
of reducing sugars. 

The sp.gr. of extracts also offers a means of 
detecting adulteration in many cases as the 
following values for the sp.gr. of infusions of 
various materials with ten times their weight of 
water indicate: 


Spent tan. 1-00214 

Acorns. 1*00730 

Peas. 1-00730 

Mocha coffee. 1-00800 

Ceylon coffee. 1*00870 

Java coffee. 1-00870 

Costa Rica coffee .... 1-00900 
Native Ceylon coffee . . . 1-00900 

Brown malt.1-01090 

Black malt .1-02120 

Dandelion root .... 1-02190 

Red beet. 1-02210 

Yorkshire chicory . . . 1-01910 

Foreign chicory .... 1*02260 
Guernsey cliicory .... 1-02326 

Maize. 1-02530 

Bread raspings .... 1-02630 


(quoted by Wyntor Blyth, “Foods,” p. 360). 

The percentage composition of the ash of 
chicory roots and leaves is as follows : 

KjO Na^O MgO CaO Fa^Oa PjOg SO* SIO^ Cl 
Root 40-4 7-7 6-3 8-7 3-0 14-2 9-0 6-0 3-7 
Leaves 60 0 0*7 3-214-3 — 9-0 9-0 1-0 1-7 


Wynter Blyth (“ Foods,” pp. 359,1909) gives 
as the main differences between the ash of coffee 
and of chicory, the following ; 

Coffee ash. Chicory ash. 


o,^ 

Silica and sand . . — 10-7-35*9 

Carbon dioxide , . 14-9 1-8-3*2 

Ferric oxide . . . 0-44-0-98 3 1-5-3 

Chlorine .... 0-26-11 3-3-4*9 

Phosphorus pentoxide 10 0-11-0 5-0-6 0 

Soluble ash . . . 3 0 1-74 


A. G. Po. 

CHILE SALTPETRE. Sodium nitrate, 

CHILLIES V. CArsicuM. 

CHINA CLAY or KAOLIN i;. Clay. 

CHINA GRASS. Jiamie^ Rhea. This fibre 
is obtained from the stem of a plant of the 
Urticacese, which grows to the height of 4-8 ft. 
and in general character resembles the common 
nettle, Urtica dioica Linn., but is devoid of 
stinging hairs. The plant exists in two varieties, 
(1) Boehmeria nivea Gaudich., which bears 
short, silvery hairs on the lower surface of the 
leaves, and (2) B. nivea var. tenacissitnaf 
the leaves of which are green on both sides. 
The former variety is cultivated chiefly in China 
and Formosa under the name of “ ch’ii-ma ” or 
“ tchou-ma,” whilst the latter occurs in more 
tropical countries, such as tlie islands of the 
Malay Ar(;hipelago, where it is known as 
“ rhea.” The Indian form has been sometimes 
regarded as B. niveu var. tenacisHima^ but Sir 
George Watt affirmed that it is of the same 
variety as the Chinese plant. The cultivation 
of the plant in China is carried on chiefly in the 
valleys of the provinces of Hunan, Hupeh, 
Kiangsi, and Szechuen. 

The fibre resides in the inner bark or bast 
tissue of the stem. The methods of extraction 
differ widely from those used in the case of flax 
and hemp as the encrusting substances are not 
removed by a retting process but by chemical 
means. 'I’ho commercial “ CUiina grass ” is 
prepared in China by hand. The bark is peeled 
from the stems and the outer brown skin or 
pellicle removed from it by scraping and washing. 
The process is tedious, the production of a few 
pounds of the scraped ribbons constituting a 
day’s work. In these ribbons the fibres are 
firmly embedded in a gummy substance of a 
pectinous nature which must be removed to 
obtain the “ filasse ” or pure fibre ready for 
spinning. This operation, termed “ degum- 
ming,” is not carried out before export, but is 
effected subsequently by chemical treatment. 
The process is designed to dissolve and wash 
out the gummy substances without attacking the 
cellulose ; at the same time, the fragments of 
brown peUicle still adhering become detached 
and are removed by washing. On account of the 
danger of the fibre becoming injured by the 
degumming treatment, spinners usually prefer 
to buy the fibre in the form of ribbons of hand- 
cleaned China grass and degum it by their own 
process. Many different processes have been 
devised and are usually guarded as trade 
secrets. The following will, however, serve to 
indicate the kind of treatment to which the 
material is subjected. The ribbons, after boiling 
in dilute caustic soda, are exposed to the action 
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of a solution of bleaching powder, and then 
immersed in a bath of dilute acid, the last two 
processes being repeated until the whole of the 
gum has been extracted and the white, lustrous 
filasse obtained. 

Yield .—From two to four or even six cuttings 
of ramie stems can be obtained annually accord¬ 
ing to the climatic and other conditions of the 
locality in which the crop is grown. It is 
estimated that from two cuttings the yield of 
fresh stems per acre amounts to 15-20 tons, 
giving |-1 ton of dry scraped ribbons. The 
ribbons furnish about 50% of their w’cight of 
degummed fibre or filasse, and hence the yield 
of filasse per acre amounts to ap})roximately 
7J~10 cwt. per annum. 

Characters, Uses arid Composition .—Ramie j 
fibre is one of the strongest known. It is 
extremely durable and is said to be less affected 
by moisture than any other fibre, but it is some¬ 
what lacking in elasticity. The fibre has a 
brilliant, silky lustre, can bo dyed readily, and is 
exceptionally long. The filasse consists of 
isolated ultimate fibres or small groups of fibres. 
The ultimate fibres vary from 75 to 400 mm. in 
length and from 0-02 to 0*075 mm. in diameter, 
the average diameter being about 0*0375 mm. 
or about twice as great as that of cotton libre. 
The fibres taper towards each end, but the ends 
themselves are rounded. They are thick-walled, 
have a well-marked lumen, and bear longi¬ 
tudinal striations and occasional transverse 
markings. The fibre substance consists of non- 
lignified cellulose. 

It has been suggested as the result of a study 
of ramie by X-ray methods that the ultimate 
fibres are composed of chains of long, thin, sub- 
microscopic crystals which lie roughly parallel 
to the fibre axis. These crystals are estimated 
to be approximately 0*075/i long and 0*005^ 
thick {see W. T. Astbury, “ Fundamentals of 
Fibre Structure ” (1933), and G. F. Davidson, 
J, Text. Inst. 1936, 27, P144). 

China grass is used extensively in China for 
the manufacture of fabrics known as “ grass- 
cloths.” In Europe the fibre is woven into goods 
of various descriptions, such as lace, curtains, 
tablecloths, counterpanes, plushes and even 
clothing materials. It has been used successfully 
in combination with wool for the production of 
certain classes of fabrics and has also found an 
outlet in the manufacture of mantles for 
incandescent gas-lighting. 

E. G. 

CHINA INK or Indian Ink consists of lamp¬ 
black made into a paste with animal or fish glue 
and dried in the form of cakes or sticks of paint. 

CHINA-STONE. A granitic rock having 
its felspathio constituent more or less decom¬ 
posed, but not completely kaolinised, and with 
an absence of coloured minerals, such as biotite 
and tourmaline. As the felspar still retains 
part of its alkali, and as some micaceous mineral 
is generally present, the stone is fusible ; hence 
it is largely used in the manufacture of porce¬ 
lain, and when free felspar is not introduced 
it forms the only vitrifiable ’‘onstituent of the 
paste. China-stone is somet'mes known as 
“ Cornish stone ” in consequence of its being 
largely quarried in Cornwall, where it was dis¬ 


covered by W. Cookworthy of Plymouth, about 
1750. He first noticed it at Tregonning Hill, 
near Breage, and described it imder the local 
name of “ growan ” or “ moor-stone.” It is now 
obtained i)rincipally from the neighbourhood of 
8 t. Stephens near St. Austell. In this area 
it occurs as a local modification of the granite, 
and is sharply marked off from the normal 
granite and from the china-clay rock. It is 
too hard to be worked like the china-clay rock, 
and has to be blasted and quarried like ordinary 
granite; in fact it has been used locally as a 
building stone. The rock requires no pre¬ 
paration, but is sent direct from the quarry 
to the potteries. (For an account of the occur¬ 
rence of china-stone in Cornwall, see Mem. Geol. 
Survey, Bodmin and St. Austell district, 1909; 
and the Handbook by J. A. Howe, quoted 
below.) 

The following commercial varieties are 
recognised: 

1 . “ Hard jmrple,” a hard, white rock with a 
faint purplish tinge due to the presence of 
fluorspar. 

2. “ Soft ” or “ mild purple,” similar to the 
last, but softer. 

3. “ Dry white stone,” a soft, white variety. 

4. “ Buff stone,” similar to the last, but iron 
stained. 

The following analyses by W. Pollard and 
E. G. Radley are gi\en by J. A. Howe, “A 
Handbook to the Collection of Kaolin, China- 
clay and China-stone in the Museum of Practical 
Geology,” London, 1914. 1, “ Hard purple ” 
china-stone from Goonvean, near St. Stephens; 

II. “ Buff ” cliina-stone from the same locality ; 

III. China-stone from Jersey (“ Jersey stone ”). 



I. 

11 . 

III. 

SiOa . . . 

72*28 

73*18 

77*06 

TiO^ . . . 

0*05 

0*06 

0*08 

AI 2 O 3 . . . 

14*90 

16*13 

12*22 

Fe^Og . . . 

0*50 

0*52 

0*47 

MnO . . . 

0*01 

0*02 

0*19 

MgO . . . 

0*15 

0*14 

0*19 

CaO . . . 

1*66 

0*61 

0*16 

Na^O . . . 

301 

2*18 

3*23 

KjjO . . . 

5*25 

4*41 

5*07 

Li^O . . . 

0*02 

0*02 

trace ? 

HgO (over 105"] 

1 0*68 

1*81 

0*37 

HgO (at 105°) . 

013 

0*20 

0*39 

P 2 O 6 . . . 

0*63 

0*46 

0*25 

F . . . 

0*88 

0-23 FeS, 0-30 

Cl ... . 

0*09 

— CO 

2 0*04 


100*14 

99*96 

100*02 


Jersey stone is a decomposed partly kaolinised 
granite quarried in Jersey. Granite-pegmatite 
in France ; granite-aplite at Meldon, near Oke- 
hampton, Devonshire; porphyrite in Saxony; 
liparite in Japan; and felsite in China are all 
rocks that are applied for the same purpose. 

It has been proposed by J. H. Collins (“ Hens- 
barrow Granite district,” Truro, 1878) to dis¬ 
tinguish china-stone under the name petunzite, 
a word suggested by the Chinese pe-tundse. In 
the early part of the 18th century a Jesuit 
missionary named D’Entrecolles, residing at 
King-te-chin, sent to Reaumur, in Paris, samples 
of the raw materials used in China. These were 






CHIOLITE. 


33 


the first specimens of their kind that had ever 
reached Europe, and they led to tlie foundation 
of the manufacture of porcelain at Sevres. The 
china-stone was described by D’EntrecoUes as 
pe-tim-tse, and the china-clay as kaolin ; but it 
appears that the former name, if not both, must 
have been erroneously applied. According to 
the Chinese scholar, Stanislas Julien (Hist, et 
Fabric, de la l^orcel. Chin. Paris, 1856, preface 
XX.), j)e4un signifies “ white paste,” while tse is 
merely a diminutive applied to the material 
when worked up into small cakes. Hence, pe- 
tun-tse is really the name of small blocks of 
white clay or prepared paste, and not of the 
granitic rock. Nevertheless, custom in this 
country has justified the use of the term 
pe4un-tse as synonymous with china-stone. 

L. J. S. 

CHINA WOOD OIL, nut oil, synonyms for 
tung oil. 

CHINAPHENIN, QUINAPHENIN. 

Quinine carbophenetide, 

CaoHzaONgOCONHCgH^.OEt. 

CHINEONAL. Quinine diethyl barbiturate. 
Sedative and antipyretic. 

CHINESE BLUE. (Ger., Porzellanblau.) 
Several pigments are sold under this name, of 
which the following are examples : ultramarine 
and flake white; cobalt blue and white lead; 
and a double cyanide of iron (Prussian blue). 

CHINESE GREEN or LOKAOt;. Lokao. 

CHINESE RED v. Austrian Cinnabar. 

CHINESE VEGETABLE TALLOW, 
Stillingia tallow, is the hard fat which coats 
the seeds of the Chinese tallow tree, Stillingia 
sebifera Michx. (syn. Stillingia sinensis, Croton 
sebiferw^ L., Sapium sebiferurn Roxb., 
Excoecaria sebifera F. Mull. Fara. Euphorbia- 
ceae), a tree growing wild, and also largely 
cultivated, in China, Indo-China and Northern 
India. Plantations have recently been developed 
in Florida and Texas. In Tonkin, the tree is also 
valued for its leaves, from which a decoction is 
prepared for dyeing silk. The fruit capsule 
contains three oval seeds surrounded by a mass 
of the true vegetable tallow. This “ tallow ” is 
to be distinguished from the oil obtained from 
the seeds (kernels) themselves, known as 
stillingia oil or locally as “ tse-ti^ou ” or 
“ ting-yu,” which is a liquid drying oil. The 
tallow may be scraped off the seeds by passing 
them between fluted rollers, or may be melted 
off by steaming the seeds in perforated cylinders. 
The product is pressed into cakes in native hot 
presses, and sold under the Chinese name of 
“ pi-i6ou ” or “ pi-yu,” and is known in Europe 
as “ prima vegetable taUow.” According to 
another process, the seeds and tallow are crushed 
together, giving a mixture of the tallow and 
stillingia oil, known as “ mou-ieou ” or, to 
European candleraakers, as “ secunda vegetable 
tallow ” ; this product is naturally much softer 
and has a lower melting-point and much higher 
iodine value. 

When fully developed, the tree yields 25-30 
kg. of fruit a year; the fruit yields about 30% 
of secunda or 16% of prima tallow. The cake 
is not suitable for cattle food, as it contains a 
saponin; in China it is used as a fuel. 

Von. m.— 3 


The properties of the tallow vary considerably 
according to the source. The refractive index 
is 1*4546-1‘4556 at 40°; the saponification value 
varies from 197 to 215, and the iodine value 
from 19 to 32. Considerable quantities of free 
fatty acids may be ])rcsent ; thus Hilditch 
and Prieatman (J.S.C.I. 1930, 49, 397) found 
as much as 25% in a specimen from the 
United States. They analysed this sample, and 
also two less pure Chinese specimens, and found 
the fatty acids to consist of 67-69% palmitic, 
21-34% oleic, 3-6% myristic, and 1-3% 
stearic acids. The tallow contained about 
25-35% of fully saturated glycerides (largely 
tripalmitin), and over 60% of mono-oleo-di- 
saturated glycerides (chiefly oleo-dipalmitins). 

The solidification temperature appears to vary 
greatly, being usually about 38°C., but samples, 
probably impure, have been stated to solidify 
at 24''C., whilst the American sample examined 
by Hilditch set at 48*2°C. 

Exports of Chinese vegetable tallow from 
Hankow to Europe and the U.S.A. amounted to 
5,000-6,000 tons in 1923-25, but have greatly 
diminished since that time, and none has been 
imported into England for some years prior to 
1938. A large proportion of the production is 
consumed in China for the manufacture of 
candles; the total exports from Hankow were 
17,800 tons in 1917, and 8,200 tons in 1931. 
In Europe vegetable tallow was chiefly used in 
the candle and soap industries; its value as a 
confectionery fat is uncertain {cf. Diedrichs, 
Z. Untors. Nahr.-Genussm. 1914, 27, 132). 

J. L. and E. L. 

CHINESE YELLOW {Kmg's yellow). A 
mineral pigment owing its colour to the presence 
of hydrated ferric oxide. 

C H1NIO FO N . lodohydroxy quinoline- 

sulphonic acid mixed with sodium bicarbonate; 
antiseptic for the treatment of amoebic dysen- 
tory. 

CHINOFORM. Trade name for quinine 
formate. 

CHINOSOL or QUINOSOL. Trade 
name for the potassium salt of 8-hydroxy- 
quinoline-5-sulphonic acid, 

C 9 H 0 NO S 03 K,H 20 , 

a pale-yellow crystalline powder with a saffron¬ 
like smell and a burning taste ; m.p. 175°-177*5° ; 
readily soluble in water, sparingly soluble in 
alcohol, insoluble in ether; with ferric chloride 
gives an intense green colour, yellowish needles 
with copper salts, and a white precipitate with 
barium chloride. At a concentration of 1 in 
1,000 its solutions possess as great a bactericidal 
action as mercuric chloride solutions of the same 
strength. An antiseptic and disinfectant. 

CHINOTROPIN or QUINOTROPIN. 
Trade name for urotropine quinate. 

CHINOVOSEv. Carbohydrates. 

CHINQUAPINS V. Chestnut. 

C HIO LIT E. A double fluoride of aluminium 
and sodium, SAlFg-SNaF, closely akin to cryolite 
[AlFg-SNaF], but crystallising in the tetra¬ 
gonal system. Found at the Ilmen Mountains 
in the southern Urals and with cryolite in 
Greenland. 

L. J. S. 
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CHIOS TURPENTINE RESIN. 


CHIOS TURPENTINE RESIN. The 

name Chios turpentine is, properly, restricted 
to the oleo-resin from species of Pistacia, al¬ 
though turpentine from some of the larches is 
often termed (>hios turf)entine. It is similar in 
character to ordinary turpentine oleo-resin. 
Emmanuel (Pharm. Acta Helv. 193.5, 10, 12) 
isolated from the resin of Pisiacia Terehinthus, 
terminthic acid, C 14 H 20 O 2 , m.p. ISG^-IS?^^; 
terminthinic acid, CigH 2404 , m.p. 124°; 
termintholic acid, C 13 H 23 O 4 , m.p. 102 °; and 
termintholinic acid, C 22 H 34 O 3 , m.p. 128°. 
These acids have not yet been characterised by 
the preparation of crystalline derivatives. 

Chios turpentine is variable in composition, 
and its characters depend entirely fui the relative 
proportions of essential oil and resin. 

E. J. P. 

CHIRETTA. Chirata, B.P. Is the plant 
Sweriia Chirata Buch.—Ham. collected when in 
flower and dried. Japanese chiretta is Swertia 
chinensis Eranchet. Hbhn (Arch. Pharm. 1869, 
216) founfl two bitter constituents in Indian 
chiretta, viz. ( hiratin and ophelic acid. 

CHITENINE, QUITENINE. An oxida¬ 
tion product of ejuinine, found in the urine 
after the administration of quinine. Crystallises 
from dilute alcohol in prisms, m.p. 281°-282°, 

[a]y -122-6''. 

CHITIN. [oil,-14-7“ (in cone. HCI). Isa 
polysaccharide containing nitrogen which forms 
part of the skeletal substance of insects and 
crustacc®; it is also an important skeletal 
element in the fungi. It is not possible to 
distinguish between animal and vegetable chitin 
by total nitrogen or by X-ray analysis; their 
chemical identity has been shown by Zeehmeister 
and T 6 th (Z. physiol. Chem. 1934, 223, 63). 

Chitin is extremely resistant to hydrolysis, 
but on boiling with concentrated hydrochloric 
acid it is converted into 1 mol. of glucosamine 
( 2 -aminoglucoso) together with 1 mol. of acetic 
acid. 

It is considered by Meyer and Mark (Ber. 
1928, 61, [BJ, 1936) to be built up of iV-acetyl- 
glucosamine units in jS-glucosidic linkages 
exactly as in cellulose. 

Karrer and Hoft'man state that an enzyme from 
the vineyard snail is able to hydrolyse chitin 
(Helv. Chim. Acta, 1929, 12, 616, 986), the 
end product being acetylglucosamine. 

By acetolysis of chitin with acetic acid in 
sulphuric acid, Bergmann et aL (Bor. 1931, 64, 
[B], 2436) obtained the octa-acetate of a di¬ 
saccharide chitobiose. 

Zeehmeister and T 6 th (Ber. 1931, 64, [BJ, 
2028; 1932, 65, [B], 161, 1706) obtained in 
addition a chitotriose and an amorphous water 
soluble chitodextrin. 

The Rontgen diagram (Meyer, Helv. Chim. 
Acta, 1936, 18, 689) also confirms the structure 
as being of the long chain cellulose type. It is 
not known whether the glycoside linkage is a 
or ) 8 . 

E. F. A. 

CH ITINASE, the enzyme which hydrolyses 
chitin, was discovered by Karrer and Hoffmann 
(Helv. Chim. Acta, 1929,12, 616) in the digestive 
juices of Helix. It attacks genuine chitin 


only slowly, but after solution in concentrated 
hydrochloric acid, and separation by pouring 
into water, the chitin is easily hydrolysed. 

Acetylglucosamine is the final product alike 
from chitin of animal and fungal origin; 
chitodextrins are intermediate products. Chiti- 
nase is not the same as emulsin ; it has, how¬ 
ever, been obtained from the outer part of 
almonds free from jS-glucosidase (Grassmann, 
Ber. 1934, 67, [B], 1 ; Helferich, Z. Physiol. 
Chem. 1933, 221, 263). 

It has also been obtained from Aspergillus 
oryzae and is obviously widely distributed. 
The optimal Pu is 6-2; it is destroyed at 70°. 
Perhaps it is a mixture of two enzymes acting in 
succession. 

Chitinase is able to hydrolyse synthetic 
glycosides of A'-acetylglucosamine, for example, 
phenyl A^-acetylglucosaminide. It is quite 
without action on the non-acetylated compound ; 
chitosan is only hydrolysed as far as the i)oly- 
glucosarnine stage, whereas acetyl chitosan is 
totally hydrolysed by the enzyme. The acetyl 
group is thus essential for the enzyme to be 
active; it cannot be replaced by formyl or 
benzoyl. 

E. F. A. 

CHITOSAMINE is glucosamine (2-amiuo- 
glucose) (c. Chitin). 

CHIVES. Allium Schoenoprasmn, L. A 
perennial plant occurring naturally in many 
parts of Europe and cultivated for the round 
onion-like leaves which are used for flavouring. 
The percentage composition of the leaves is 
given as: 

N-frce 

Water. Protein. Fat. extract. Fibre. Ash. 
91-2 2'6 0*33 309 1-48 1*28 

Churg and Ripperton (Hawaii Agric. Exp. Stat. 
Bull. 1929, No. 60). The mineral constituents 
include Ca 0 048, Fe 0 0084, and P 0-067%. 

A. G. Po. 

CHLOANTHITE. Native nickel arsenide, 
NiAs 2 , isomorphous with smaltite (CoASg) 
there being no sharp line of demarcation 
between the two species. Found as cubic 
crystals and compact masses at Schneeberg in 
Saxony and Riechelsdorf in Hesse, w here it was 
formerly mined as an ore of nickel. It occurs in 
considerable amount with silver ores at Cobalt 
and South Lorrain in Ontario. 

L. J. S. 

CHLORAL, TRICHLORACETALDE- 
HYDE,CCl 3 'CHO. Chloral was first obtained 
by Liebig (Annalen, 1832,1, 189) by chlorination 
of absolute alcohol. Its composition was estab¬ 
lished by Dumas (Ann. Chim. 1834, [ii], 66 , 126) 
and by Stadeler (Annalen, 1847, 61, 101). 

Chloral is manufactured by chlorination of 
absolute alcohol. Chlorination is canied out in 
lead or lead-lined vessels provided with a reflux 
condenser and a chlorine distributor taken to 
the bottom of the vessel, and so arranged that a 
maximum distribution of chlorine passes through 
the alcohol. The vessels, of from 400 to 1,000 
gallons capacity, are about two-thirds filled 
with alcohol, three such vessels being arranged 
in series so that any excess chlorine from the first 
vessel passes into the second and from the 
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second to the third in order to ensure complete 
absorption of the gas. The hydrogen chloride 
evolved during the reaction is absorbed in water. 
The initial reaction is vigorous and during the 
first stage the temperature is kept as low as 
possible by efficient cooling. Chlorine is passed 
in at a rate which results in a liquid of approxi¬ 
mately 24°B4. at the end of the first day’s 
run. During the next twenty-four hours the 
temperature is raised gradually, heat being 
applied if necessary, to about 60°C., and the 
density of the liquid at the end of this period 
should be from 35°-40°B6. The reaction is 
completed on the third day by increasing the 
temperature to 95° and continuing the chlorina¬ 
tion until the density reaches 49°B^. A sample 
of the product at this stage distilled with an 
equal volume of concentrated sulphuric acid 
should indicate a yield of about 75% of chloral. 
The crude chloral alcoholate is allowed to cool, 
when it solidifies. It is then gradually mixed 
with an equal volume of sulphuric acid 66 °Bc, 
the mixture being kept cool. The temperature 
is then gradually raised. Hydrogen chloride is 
evolved, together with some ethyl chloride. 
Between 70° and 90° alcohol is recovered, and 
crude chloral passes over between 90° and 98°, 
The crude chloral is purified by redistillation 
over calcium carbonate, the portion distilling 
over above 94° being pure chloral. 

Other processes which have been suggested 
include the chlorination of alcohol in the 
vapour phase (G.P. 133021), the chlorination 
of a mixture of acetaldehyde and alcohol (F.P. 
612396), and the chlorination of acetal (Reichert, 
Bailey, and Nieuwland, J. Amor. Chom. Soc. 
1923, 45, 1652). 

Chloral is a colourless, pungent liquid, b.p. 
97*7°. When pure it is stable, but in the presence 
of traces of impurities such as sulphuric acid it 
polymerises with production of metachloral, a 
white amorphous solid. The same product is 
obtained by the action of aluminium chloride on 
chloral (G.P. 139392). Metachloral is in¬ 

soluble in water, alcohol, ether and acids, but 
soluble in sodium carbonate solution. On 
distillation at 180°-185° it is reconverted into 
chloral (Kolbo, Annalen, 1845, 54,183). A water 
soluble polymcride is obtained by treating chloral 
with pyridine or an amine in the cold and then 
acidifying. Alcohol and water convert it into 
chloral alcoholate and chloral hydrate respec¬ 
tively. Alkalis decompose it, giving chloroform 
and formic acid. 

Chloral Hydrate, CCl 3 -CH(OH) 2 , is by 
far the most important derivative of chloral. 
It is prepared by the cautious addition of the 
requisite amount of water to chloral, overheating 
of the mixture being avoided. It is purified by 
crystallisation from benzene, chloroform or 
light petroleum. To obtain the hydrate in the 
form of cubes or plates rather more water is 
added than is theoretically necessary, the 
mixture thoroughly shaken until cold and the 
mass of crystals poured on to porcelain dishes 
and dried over sulphuric acid in vacuo. 

Chloral hydrate occurs in colourless crystals 
m.p. 60°~68°, with a pungent odour and bitter 
taste, and is readily soluble in water, alcohol, 
chloroform, ether and oils. 


Chloral hydrate is very largely employed in 
medicine as a hypnotic and is official in most 
pharmacopoeias. It is of special value in simple 
nervoiis insomnia, delirium tremens, and certain 
forms of insanity. It is also a powerful deo¬ 
dorising and antiseptic agent. By itself, or in 
concentrated solution, it may bo used as a 
vesicant. The toxic effects produced by over¬ 
doses of chloral hydrate are a fall of temperature 
and slow and enfeebled respiration. 

Chloral Formamide, Chloralamide, 
C 3 H 4 O 2 NCI 3 , is prepared by gently heating 
chloral and formamide in equimolecular pro¬ 
portions. On cooling the melt sots to a solid 
mass which is recrystallised from water or 30% 
alcohol. It forms colourless crystals, m.p. 
114°-115°. It is soluble in water (1 : 20) and 
very soluble in alcohol, ether and acetone. 
It is not decomposed by acids, but when warmed 
with dilute alkalis is decomposed, yielding 
chloroform, ammonia, and formic acid. 

Chloral formamide is a somewhat slower 
acting hypnotic than chloral hydrate and is 
especially useful in the insomnia of cardiac 
disease, since it has not the depressant action 
of chloral on the heart. It is also used in com¬ 
bination with potassium bromide as a remedy 
for sea sickness. 

Glucoculoral, Chloralose, CgHiiOgClj, 
obtained by heating chloral and glucose in equal 
parts on the water bath, forms crystals, m.p. 
185°, is a hypnotic and sedative. An isomeric 
product, parachloralose, produced at the same 
time is devoid of hypnotic properties. 

Butyl Chloral, 'rRiciiLORBUTYRic At-de- 
HYDE, CHa-CHClCCIaCHO, is prepared by 
passing dry chlorine into aldehyde or paralde¬ 
hyde at about — 10 ° until the aldehyde is 
saturated. The temperature is then gradually 
raised to 100 °, chlorine being continually 
passed in until chlorination is complete. The 
resulting liquid is diluted with water and then 
distilled in a current of steam, when the hydrate 
passes over. The hydrate is recrystallised from 
water and on distillation in a stream of hydro¬ 
gen chloride the pure chloral is obtained (Pinner, 
Annalen, 1875,179,26). It is a colourless oil with 
a characteristic odour, b.p. 164°-165°/750 mm. 
sp.gr 1-3956 at 20°/4°; fuming nitric acid 
converts it into trichlorbutyric acid. It readily 
combines with water forming the hydrate. 

Butyl Chloral Hydrate, 

CH3-CHClCCl2CH(OH)2, 

is prepared by mixing butyl chloral with about 
one-ninth its weight of water and recrystalJising 
I the solid mass so formed from boiling water. 

I It forms white trimetric plates with a pungent 
but not acrid odour and a nauseous, bitter taste. 
It melts at about 78° and resolidifies at about 
71°. It is soluble in about 40 parts of water, 
very readily soluble in alcohol, ether and 
glycerine, less readily in chloroform and olive 
oil. Butyl chloral hydrate resembles chloral 
hydrate in its action, but is a weaker hypnotic 
and has a more pronounced depressant action on 
the heart. It is chiefly employed in combina¬ 
tion with camphor, phenazone or gelsemium as 
an analgesic in cases of neuralgia and migraine. 

A. J. E. 
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CHLORALAMIDE. 


CHLORALAMIDE. Syn. for chloral- 
formamicle, CCIgCH (0H)‘N HCHO (v. 
Chlobal). 

CHLORAMIN V. Activin. 

CH LORAM IN E-T, sodium p-toliienesul- 
phon chloroam ide, 

CHjCeH^SOjiNCINa-aHaO, 

first prepared by Chattaway (J.C.S. 1905, 87, 
151), is a white crystalline solid with a slight 
odour of chlorine and a bitter taste. It is 
soluble in about 7 parts of water, and may be 
obtained from p-toluenesul{)honyl chloride, a 
by-produ(5t in the manufacture of saccharin, or 
directly from toluene by sulphonation and 
ronversion to the sulphonyl chloride, which is 
then treated with ammonia to form the sulphon- 
amide. This, by the action of bleaching powder 
or sodium hypochlorite, is converted into the 
dichloramine, which, in presence of excess of 
caustic soda, yields chloramino-T. 

Chlorainine-T contains about 25% of “avail¬ 
able ” chlorine. It was introduced by Dakin 
during the war as a solution for the irrigation of 
wounds to replace the much less stable hypo¬ 
chlorite solution, and is now included in the 
British Pharmacopoeia. Aqueous solutions of 
the salt are companitively stable and may be 
kept for some time without appreciable decom- 
positit)!!. 

Technically chloramino-T finds employment 
in many directions in the textile industry as a 
bleaching agent and for the development of 
colour on the fibre, as well as in the manufacture 
of printing inks and the preparation of soluble 
starch for finishes, etc. It is also used in the 
brewing industry for general cleansing and 
sterilising purposes and as a preservative in the 
treatment of leather, and in glue and adhesives. 
It does not readily attack aluminium, brass, tin 
or enamel, and is therefore available for the 
cleansing and disinfection of vessels used in the 
preparation and storage of food products. 

Dichloramine-T, ^-toluenesulphondichloro- 
amide, CHg-CgH^SOgNCIj, was also pre¬ 
pared by Chattaway {l.c.), and is a yellow 
crystalline powder, m.p. about 78®, having an 
odour of chlorine. Unlike chloramine-T, it 
liberates bromine from sodium bromide solution. 
On exposure to air it is gradually decomposed 
with loss of chlorine. It is sometimes employed 
in solution in oil as an antiseptic. 

A. J. E. 

CHLORAN IL. Tetrachloro-^>-benzophe- 
none 

CHLORAZENE. Syn. for Chloramine-T. 

CHLORAZIDE, NgCI r. Azoimide. 

C H LO RENE. (1) A green hydrocarbon of 
unknown structure obtained as a by-product in 
the preparation of fluorocyclene by heating 
acenaphthene with lead oxide at 350° (Dzie- 
wonski and Suknarowski, Ber. 1918, 51, 457). 
Dilute solutions in benzene are pure green in 
colour, more concentrated solutions are purple- 
red ; chlorene solutions undergo photochemical 
oxidation on exposure to light. The absorption 
spectrum shows three well-defined bands in the 
visible region. 

(2) The term “ chlorene ” has also been 


applied to a yellow gaseous hydrocarbon, C4H4 
made by passing acetylene through a quartz 
tube at 750". Its reactions are similar to those of 
acetylene, and it is slowly converted at the 
ordinary temperature to a colourless isomer 
(Mignonac and Ditz, Compt. rend. 1934, 199, 
367). 

C H LO R ETO N E . Chlorbutol. Trichloro- 
iert-hntyX alcohol, Me^C-CCL'OH. Sedative. 

CHLORINE. “ * 

Historical .—Chlorine must have been known, 
according to Mellor (“ Inorganic and Theoretical 
Chemistry,” Vol. II, p. 20), to many alchemists 
from the thirteenth century onwards. It is, 
however, to Sch(.‘ele that we owe the first 
adequate description of the preparation in 1774 
of “ dephlogistigated marine acid air ” obtained 
during his researches on the properties of black 
oxide of manganese. 

I^avoisier and Berthollet, a few years later, 
preferred the name ” oxymuriatic acid,” and the 
view that it w as a compound persisted until 1809, 
when Cay laissac and Thenard suggested it was 
an element. In 1810, Davy adduced evidence 
which was regarded as conclusive that the gas 
was an element, the (diaracteristic colour of which 
led him to suggest the name chlorine. 

The observation of the bleaching properties 
of the gas and its solutions in water led Ber¬ 
thollet, 1785, to its practi(!al application, and in 
1789 to make the stiU more convenient alkaline 
bleaching solution. The solution of chlorine in 
caustic potash became known as Kau de Javelle, 
whilst the solution in caustic soda became Eau de 
Labarraque. The name Eau de Javelle is still 
widely used, but nowadays refers to a solution of 
sodium hypochlorite. 

The fact that bleachers in Lancashire had 
used a solution of chlorine in milk of lime pre¬ 
vented Tennant, 1798, from obtaining a valid 
patent. In 1799, however, Tennant patented 
the use of dry hydrated lime to absorb chlorine 
to make “ bleaching powder,” and thus was born 
one of the major heavy chemical industries. 
Manufacture of bleaching powder, which w^as 
first carried out in Glasgow, spread rapidly as the 
alkali manufacturers realised its importance, 
particularly as an outlet for their w^aste hydro¬ 
chloric acid. 

The production of chlorine and caustic soda 
when an electric current passes through a 
solution of common salt was observed at the 
beginning of the nineteenth centurj\ Industrial 
development of this process, however, waited 
on the supply of cheap mechanicaUy-produced 
electric energy introduced with the Gramme 
dynamo-electric machine in 1872. Commercial 
development occurred with increasing intensity 
from that date. 

Occurrervee. —Chlorine, apart from volcanic 
gases, never occurs in nature in the free state 
(Shepherd, J. Washington Acad. Sci. 1920, 10, 
23). In combination with other elements it 
occurs as: 

1. Sodium chloride in sea water and in rock 
salt deposits. 

2. Potassium chloride alone and combined 
with magnesium chloride or sulphate in salt 
deposits. 

3. The chlorides of calcium, magnesium, 
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lead, copper, iron, manganese, mercury and 
silver. 

4. Hydrochloric acid in volcanic gases and 
springs. 

5. Sodium and potassium chlorides in the 
vegetable and animal kingdom and as hydro¬ 
chloric acid in the gastric juice. 

The chief chlorine supplies are derived from 
salt deposits formed by the evaporation of inland 
seas or sections of the sea isolated by change 
in land levels. Solar salt produced by evapora¬ 
tion of sea wat€‘T is used to a minor extent as a 
source of chlorine. 

Sodium chloride in the form of rock salt 
occurs in large deposits in England, Germany, 
Austria, France, Spain, Russia, Canada and the 
U.S.A. Deposits occur in various geological 
formations: in England, for example, the rock 
salt is found in the Keuper marl, a Triassic 
formation, whilst the deposits in the States of 
New York and Michigan and in Ontario occur in 
Silurian rocks. 

Rotassiiim ( hloride is found associated with 
other salts in the Dead Sea, and is one of the 
products of the solar evaporation practise<l 
there. 'Jdie chief sources of potassium {‘hloride 
are the deposits of Stassfiirt, A Isa (!e-Lorraine 
and Spain, where it is found combined with 
other salts, as, for example, KCl-MgClg.BHgO, 
earn alii te. 

Laboratory Preparation .—The oldest method 
of preparing chlorine for laboratory purposes 
consists in heating manganese dioxide with 
hydrochloric acid: 

Mn02+4HCUCl2d MnCl2+2H20 

The most convenient means of obtaining 
chlorine in the laboratory is from a cylinder of 
the liquid. The liquid is not, how'evor, quite 
pure, containing small quantities of bromine, 
organic compounds, and dissolved gases, the 
total of such impurities being loss than iTi% by 
weight. 

When pure chlorine is required, the method of 
von Graebe may be used. Analytical quality 
hydrochloric acid is allowed to drip on to crystals 
of potassium permanganate covered with water, 
a gentle heat being supplied to give a steady 
evolution of the gas. 

Physical Properties. —At. wt. 35-467 ; atomic 
no. 17 ; isotopes 35, 37. 

Properties of the Qas .—Density at N.T.P. 
3-214 g,/litre. This density is about 1*7% 
greater than required by the gas laws, but very 
close approximation to the ideal density occurs 
above 300°C. Above 1,137°C. dissociation into 
atomic chlorine occurs to some extent (Rein- 
ganum, Physikal. Z. 1905, 6, 1514). 

The mean value of the coefficient of expansion 
at atmospheric pressure and ordinary tempera¬ 
ture is 0-003836 (Jaquerod and Tourpaian, 
J. Chiin. phys. 1913, 11, 15). 

Heat capacity at 15°C., and I atm. Cp — 
0-116 cal./g. The ratio Cp : Cv= 1-356. 

The explosive limits of mixtures of hydrogen 
and chlorine are 91-9% CL and 8-1% to 
14-3% CIg and 85-7% Hg, when using an induc¬ 
tion coil spark (P. Mathieu, J. Physique, 1917, 
7,166). 


Properties of the Liquid. —B.p. —34-6°C. The 
vapour pressure in atmospheres, the densities of 
the liquid and the saturated vapour are (D=r 


g./ml.): 
Temp. "’C. 

r, atm. 

I), liquid. 

B. vapour. 

-34-6° 

l-OO 

1-561 

— 

- -20° 

1-84 

1-524 


-10° 

2-61 

1-496 

— 

0° 

3-65 

1-468 

0-0128 

-f 10° 

4-96 

1-438 

0-0175 

-1-20” 

6-57 

1-408 

0-0226 

-1-30° 

8-60 

1-377 

0-03(K) 

-1-50° 

14-1 

1-310 

0-0486 

+ 100° 

37-6 

1-109 

0-136 


Critical temperature 144''C. Heat capacity 
-85-4°C. to -76-rC.=---0-229 cals./g. Surface 
tension 27 dynes/cra. at the boiling-point. 
Viscosity 0-494 centipoises at — 35-4®C. 

The expansion coefficient is : 

rC. --88” to -33-6” -33-6” to 0° 

ax 10-^ 1-409 1-793 

rC. 0” to 30” 30” to 60” 60” to 90” 

aXlO^ 2-066 2-55 3-5 

Latent heat of vaporisation at —22”C. - 
67-4 g.-cal. at 4 8”C.-62-7 g.-cal. 

F.p. — 103”C. with vapour pressure 8-9 mm. 
Latent heat of fusion 1-626 kg.-cal./g. mol. 
Solubility. —At total pressure 760 mm. 

I is the volume of gas dissolved by 1 vol. of water 
(gas volume reduced to N.T.P.), and q is the 
weight of gas in g. dissolved in 100 g. of w^ater. 

t%\ 10 11 12 13 14 

I . 3-148 3-047 2-950 2-856 2-767 

q . 0-9972 0-9654 0-9346 0-9050 0-8768 

fC. 15 16 17 18 19 

I . 2-680 2-597 2-517 2-440 2-368 

q . 0-8495 0-8232 0-7979 0-7738 0-7510 

t”C. 20 25 30 40 50 

I . 2-299 2-019 1-799 1-438 1-225 

q . 0-7293 0-6413 0-5723 0-4690 0-3925 

The heat of solution for 1 mol. in 1,000 mols. 
water is 4-96 kg.-cal. Chlorine is more soluble 
in 14% aqueous hydrochloric acid and loss 
soluble in salt solutions than in water: 

20°C. wt. % HCI 4-13 6-61 8-74 10*40 13-94 
20°C. wt. %Cl2 0-703 0-722 0-743 0-769 0-823 

(Oliveri-Mandala, Gazzetta, 1920, 50, 94). 

In saturated NaCI solution : 

rC. . . . 14-5° 29-0° 60-0° 

Wt. % Clg . 0-0966 0-0842 0-0364 

Chlorine is also readily soluble in inorganic 
liquids, such as SiCI^, SnC)^, SOgClg, and 
CrOgClg, etc. 

At 0®C. SiCl4 dissolves 13% CIg by weight. 
At 0°C. SOgCig dissolves 14% CIg by weight. 
Organic liquids also dissolve chlorine -. 


CCI4 1°C. . 

0 

19 

Wt.%Cl 2 . 

15-6 

8-48 

CHCl, 1°C. . 

0 

10 

Wt. % CIg. 

22-0 

20-0 
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Acetic acid at 15*^0. ; 

Wt. % Acetic acid 99 84 90 0 75 0 65 0 

Wt. % CI2 . . 10'6 714 4-65 3-81 

(,'hlorine Hydrate .—On cooling a solution in 
water saturated with chlorine at atmospheric 
pres8ur(3 boJow 9*6°C., yellow crystals are 
deposited. Moist gas on cooling below 9*6'’C. 
also deposits the same substance, which is a 
hydrate of chlorine. The hydrate formed under 
different condit ions of temperature, pressure and 
relative concentration of the constituents, has 
the composition Cl9,6H,0 (Anwar-Ullah, 
J.C.S. 19;i2, 1176. 

The hydrolysis of chlorine in water was 
studied by Jakowkin (1899), who found equili¬ 
brium was attained at 25^0. after 48 lK)urH. 
Increase in temperature favours the hydrolysis 
and decreases the time required to reach 
equilibrium (Z. physikal. Chem. 1899, 29, 613). 

The photolysis of chlorine in water (Allmand, 
Cunliffe and Maddison, J.C.S. 1925, 127, 822; 
1927, 655) has been investigated, and an 
explanation given for the mechanism of the 
reactions which produce hydrochloric and 
chloric acids together with oxygen. 

For more complete physitial data see “ Com¬ 
prehensive Treatise of Inorganic Chemistry,” 
Vol. II, by J. W. Mellor; “International 
Critical Tables ” ; Grnelin’s “ Handbuch dor 
anorganischen Chemie. System No 6.” Landolt- 
Boemstein, Tabcllcn. 

Chemical Properties .—Chlorine is a very 
reactive substance, and even a small percentage 
of the gas in air has a characteristic pungent 
and irritating smell; the danger of breathing 
chlorine is not that it is a true poison, but that 
it rapidly attacks the mucous and lung mem¬ 
branes, causing congestion. 

Chlorine combines with most elements with con. 
sidorable evolution of heat and in some cases with 
ignition, when uncontrolled reaction takes place. 

Phosphorus ignites spontaneously in the gas, 
forming phosphorus trichloride. Finely-divided 
arsenic, antimony, copper, tin, lead and iron 
burn in chlorine, forming the respective chlorides, 
but most of these metals, when in bulk, behave 
quite differently. The action of chlorine on 
metals is also profoundly affected by the amount 
of water present, the amount of reaction 
decreasing with decreasing water content. The 
indifference of dry chlorine to steel enables 
liquid chlorine to be manufactured and shipped 
in steel vessels. 

Chlorine and hydrogen may be mixed together in 
the dark without combining, but such mixtures ex¬ 
plode violently in bright daylight or when heated. 

Either alone or in the presence of catalysts, 
chlorine combines with many inorganic chemical 
compounds, e.g. sulphur dioxide, carbon mon¬ 
oxide, phosphorus trichloride, ferrous chloride, 
stannous chloride. 

With olefins, acetylenes, and benzene (under 
certain conditions) chlorine combines directl5% 
forming additive compounds. The uncontrolled 
reaction with acetylene is explosive. With 
turpentine, the reaction is so violent that the 
oil inflames with production of carbon and 
hydrogen chloride. 

With saturated organic compounds, chlorine 


forms substitution products and the eliminated 
hydrogen is simultaneously converted into 
hydrogen chloride. With benzene and other 
aromatic organic compounds, addition or 
substitution products or both are formed 
according to the temperature, and catalyst 
conditions. 

Liquid Chlorine. —IJquid chlorine was first 
obtained in 1805, by Northmore. The pure gas 
can be condensed to a liquid at by a 

I pressure of about 6 atmospheres, or at atmo¬ 
spheric pressure by reducing its temperature to 
—35^C. Chlorine gas from electrolytic cells 
varies in strength from 90% upwards ; the 
impurities consist of air, drawn in by working 
the cells under slight suction, carbon dioxide, 
and oxygen from hydroxyl, sulphate and chlorate 
ion discharge, and hydrogen from the cathode. 
The impure gas obviously requires a higher 
pressure or lower temperature than the pure 
gas for liquefaction and some chlorine must be 
carried over by the (lontaminating gases and 
lost. Moreover, a limit is set to the extent of 
liquefaction by the hydrogen contt'nt of the 
residual gas, which for safe working must not 
reacih the explosive limit. 

Liquid chlorine was first produced com¬ 
mercially by Knietsch for the Badische Anilin 
und Soda Fabrik in 1888 (B.P. 13070, 1888). 
The liquefaction was accomplished by com- 
pr€‘ssion with condensation at ordinary tempera¬ 
tures. The compressor was of the liquid piston 
type using concentrated sulphuric acid to 
coniine and compress the chlorine gas; the 
sulphuric acid was in turn moved by a liquid 
piston of paraffin oil. The adoption of such a 
complicated apparatus is some measure of the 
difficulties met in attempting to provide com¬ 
mercial liquid chlorine. Although steel is 
relatively unaffected by dry chlorine at ordinary 
temperatures, at higher temperatures the rate 
of reaction increases and becomes very appreci¬ 
able at ISO'^C. This strictly limits the com¬ 
pression ratio that can be used. Moreover, 
lubrication is difficult, since all the usual lubri¬ 
cants are attacked by chlorine. Sulphuric acid 
appears to be the favourite choice as a lubricant. 

At present liquid chlorine is produced by 
(i) compression with condensation at ordinary 
temperatures, (ii) refrigeration alone, or (iii) a 
combination of compression and refrigeration. 

Transport .—The transport of liquid chlorine is 
governed by the rules and regulations of railway 
companies and of authorities such as the Board 
of Trade for shipments by sea. 

Regulations in the United States (and by 
voluntary concurrence in Canada) are issued by 
the Inter-State Commerce Commission to which 
the Chlorine Institute (an association of pro¬ 
ducers) acts in an advisory capacity. 

In Great Britain advisory bodies appointed 
by the Home Office have published two relevant 
reports—the Fourth Report of the Gas Cylinders 
Research Committee (Cylinders for Liquefiable 
Gases), 1929, H.M.S.O., and the Welded 
Containers Report, 1931, H.M.S.O. A summary 
of the various national regulations and of 
British practice in “ The Handling and Use of 
Liquid Chlorine ” has been given by F. Holt 
(J.S.C.I. 1936, 56, 245-265, 269-272). 
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Liquid chlorine is supplied in three different 
types of container: 

(а) Cylinders varying in capacity to 150 lb. 

England. U.S.A. Germany. 

(б) Drums, 

capacity 1,9001b. 2,000 Ib. 1,000 kilos. 

(c) Tank 
wagons, 

capacity 14 tons 16 and 30 14 tonnes 
short tons 

In charging liquefied gas containers special 
precautions must bo taken to ensure that 
ample “ free space ” is left so that the container 
cannot become completely filled with liquid with 
consequent risk of extremely high hydraulic 
pressure. The British filling ratios of 1-25 and 
1*19 lb. of chlorine per lb. of water capacity 
for temperate and tropical conditions respectively 
are based on 6% free space at 45°C. and 65*^0. 
These ratios are for solid drawn cylinders; 
for welded containers the British filling ratios 
are 1 *24 and 1*16 based on 6% free space at 50*^0. 
and 75*^0. respectively. 

Containers should be stored in a cool, dry place, 
preferably fireproof. Caro should be taken in 
the handling of containers ; the strength of the 
containers should not be abused by exposing 
them to falls. If a container is allowed to 
remain coupled to an absorption j)lant after all 
the liquid chlorine has evaporated, the residual 
chlorine in the pipe-line and container will 
dissolve, causing the li(juid in the absorption 
vessel to be drawn back into the container. 
This might have serious results, owing to the 
decomposition of some of the liquids under 
certain conditions causing a burst. 

Applications .—The largest consumption of 
liquid chlorine takes place in the paper industry, 
where it is used both for the preparation and 
bleaching of pulp. 

In the textile industry it is used in the bleach¬ 
ing of cotton and viscose and in the production 
of unshrinkable woollen goods. When used for 
bleaching it may bo absorbed in caustic alkali 
to make the corresponding hypochlorite, or it 
may be absorbed in sodium carbonate solution 
to make hypochlorous acid : 

NaaCOa+Cla+HoO 

-HOCI+NaHCOg+NaCI 

This acts approximately twice as energetically 
as the corresponding amount of neutral hypo¬ 
chlorite. 

It is used in the manufacture of chlorinated 
organic products, such as carbon tetrachloride, 
trichlorethylene, chloroform, monochloracetic 
acid, and derived products like ethylene glycol 
and ethylene oxide; for the chlorination of 
methane to methyl chloride and methylene 
chloride, and for the chlorination of benzene, 
toluene, naphthalene and diphenyl. 

Chlorine is used for the preparation of the 
chlorides of aluminium, boron, titanium, 
sulphur, antimony, iron and tin, and for de¬ 
gassing molten aluminium prior to casting. 
Formerly considerable quantities of tin were 
recovered as tin tetrachloride in the Goldschmidt 


process for detinning of scrap. The process is 
still in use, but is of less importance for tin 
recovery as the percentage of tin on tin scrap 
has steadily fallen from 2% to less than 1%. 
The residual iron is recovered by smelting. 

Phosgene is made by the combination of 
carbon monoxide and chlorine, and sulphuryl 
chloride by combination of sulphur dioxide and 
chlorine. 

Many of the above uses of chlorine have been 
developed because of the neces.sity of finding new 
outlets for the enormous quantities of chlorine 
produced in recent years by the electrolytic 
processes for preparing caustic potash and 
caustic soda. 

Certain organic chlorine compounds having 
lachrymatory, sternutatory, and other toxi(^. 
properties were used in the Great War (J.8.C.I. 
1918, 37, 127 R, and Tone, Chern. Mot. Eng. 
1918, 19, 357) {v. Chemical Warfare). 

Treatment of Water. —The complete sterili¬ 
sation of potable water and complete or partial 
sterilisation of industrial waters such as con¬ 
denser water for power stations, water for 
swimming baths, trade effluents from works 
(discharging fermentable matter) and sewage, 
has become a most important matter for tlie 
general well-being of the community. 

The importance of sterile water for domestic 
purposes has long been realised, and the 
incidence of water-borne disease may bo said to 
be completely within control since the adoption 
in one form or other of the application of 
chlorine in small regulat'd quantity. 

Chlorine treatment is also applied to sterilise 
winter for swimming baths, to condenser water in 
order to prevent the growth of low forms of life 
in gelatinous form which prevents efficient 
transfer of heat, and to sewage and fermentable 
trade wastes in order to prevent undesirable 
anaerobic fermentation and to assist in the 
control of aerobic fermentation. 

There are three general methods in use, all of 
which involve the use of instruments to provide 
measured quantities of chlorine. These methods 
are (1) chlorine treatment, (2) chloramine treat¬ 
ment, (3) hypochlorous acid treatment. 

In water or sewage, etc., to which chlorine, 
chloramine, or hypochlorous acid has been 
added, the chlorine will occur in various forms, 
such as free chlorine atoms and molecules in 
solution, as OCI' ions and as HOC I molecules, 
as well as in the form of various compounds with 
organic matter, etc., such as chloramines, and 
possibly also loose addition compounds. Most 
of these are known to have powerful germicidal 
properties, and the following suggestions have 
been put forward in explanation : 

(1) That sterilisation is due to direct chlorina¬ 
tion of the cell protein. 

(2) That sterilisation is due to oxidation of the 
cell material, the oxygen being formed by the 
action of the chlorine and/or chlorine compounds 
on water. 

There is a certain amount of evidence in 
support of each of these hypotheses, and it 
seems quite possible that at times both may be 
important factors. 

That chlorine does act as a chlorinating agent 
is known by the fact that the objectionable 
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taste of certain waters containing organic matter 
may be surmounted by over-chlorination 
followed by dechlorination with 8ulj)hite8, etc., 
or by the chloramine process. 

Water when treated with ammonia prior to its 
treatment with chlorine is found to have the 
advantage that objectionable tastes do not 
develop, whilst the sterilisation is just as good as 
with chlorine only. It is claimed for this 
process that the water is delivered sterile to the 
consumer owing to the greater stability of 
chloramine in solution. 

The chlorine and chloramine treatments are 
used largely in Britain and U.S.A., whereas 
the hypochlorouR acid treatment is of growing 
importance in Germany, where it has been 
successfully used for many years. It is claimed 
for the hypochlorous acid pro('eKB that it has 
been particularly successful in many eases 
where neither chlorine nor chloramine treatments 
were entirely effective and that in other cases 
it has given ecpially good results. 

The hypochlorous acid for this treatment is 
produced in stoneware towers, where a measured 
(quantity of chlorine is passed counter- or (to- 
ourrent to (1) a measured quantity of sodium 
carbonate solution (G.P. 30(5193, 1916, Deutsche 
Solvay-Werko A.-G.); (2) water passing over 
marbio (G.P. 632713, 1932; B.P. 412105, 1933, 
Ornstein) ; (3) water passing over moulded 

magnesia (G.P.a. 72332, 1936, Deutsche Solvay- 
Werke A.-G.). See aim “The Examination of 
Waters and Water Supplies,” by J. C. Thresh, 
J. F. Beale, and E. V. Suckling, published by 
J. and A. Churchill, London. 

Production of Chlorine. 

Introduction .—All manufacturing processes 
for chlorine involve the balancing of demands for 
chlorine and at least one other product. 

With processes starting from hydrochloric 
acid, the other primary product is saltcake, 
(Na2S04), which was an intermediate in the 
production of sodium sulphide, soda ash, and 
caustic soda by the Leblanc process. 

For many years the production of chlorine 
from by-product hydrochloric acid enabled the 
Leblanc process to compete with the ammonia- 
soda process, but the introduction of direct 
electrolytic preparation of caustic soda and 
chlorine gave the same end products and 
eventually displaced the I^eblanc process by 
reason of lower costs. 

In recent times special conditions have been 
examined and two interesting proposals have 
been made. 

(1) The first deals with the situation where 
there is a large local demand for sodium sulphate 
or sodium sulphide with no outlet for hydro¬ 
chloric acid. In this case electrolysis of hydro¬ 
chloric acid to give hydrogen and chlorine has 
been proposed. 

Westvaco Chlorine Products Inc. and F. S. 
Low have described (B.P. 348792) a diaphragm 
cell for the electrolysis of hydrochloric acid. 
Copper is preferred as a cathode, but nickel or 
monel metal may be used. The cathode is 
surrounded by a diaphragm of acid-resistant 
asbestos cloth. The anode is graphite. 


The hydrochloric acid solution enters the 
cathode compartment, passes through the 
diaphragm, and leaves the cell by way of 
the anode compartment. The weak acid is 
dechlorinated by air blowing and is then 
resaturated, heated, and recirculated. 

The inlet and exit acid strengths are 20% 
and 10% respectively. Preferred tcmy)cratureR 
are 45°-i00"C., and voltages as low' as 2-1 arc 
claimed. It is stated that the ('hlorine is of 
99-9% purity and that carbon dioxide and oxygen 
are absent. 

(2) The second proposal arises from the fact 
that caustic soda produced by electrolysis must 
disj)lace caustic soda otherwise produced, by 
causticising soda ash. The demand for chlorine 
has resulted in America in a large over-produc¬ 
tion of caustic soda and efTorts have been 
directed to working out (‘conomical alt(‘rnative 
processes for the production of chlorine. Coupled 
with the above situation the market price of 
sodium nitrate has fallen so low that it is very 
much less profitable than formerly to manu¬ 
facture sodium nitrate from sotia ash and 
synthetic nitric acid. 

It has therefore been suggested that sodium 
I nitrate and chlorine might be more jirofitably 
! raanufacturetl by the action of nitric acid on 
sodium chloride. F. W. de Jahn (('hem. Met. 
Eng. 1935, 42, 537). 

In addition to the primary reactions, 

NaCI-f HNO.J - NaNOg+HCI, 

3 HCI ( HNO3- Clgd NbCI [ 2H2O. 

the NOCI reacts wdth w ater and air regenerating 
HNO3 and HCI, the regenerated HCI reacts 
again with the HNO3, so that the net result is 
the oxidation of the HCI by the oxygen in the 
air with recovery of the HNO3. 

It is interesting to note that the similar 
Dunlop process was employed at St. Kollox 
Works, Glasgow, about 1850. Here the nitrosyl 
chloride was decomposed by sulphuric acid, the 
consumption of which w'as, however, so large 
that the process was abandoned. 

It is evident that the discovery of suitable 
resistant materials of construction will play an 
important part in the w^orking of this process. 

Histobical. 

1. The Older Processes’. Oxidation .—Chlorine 
was first produced on a reasonabl}^ large scale 
for Javelle water and for bleaching powder by 
oxidation of hydrochloric acid made by treating 
salt with sulphuric acid, by naturally occurring 
manganese dioxide—pyrolusite : 

2 NaCI+ 2 H 2 S 04 d-Mn 02 

—>■ N 92^04-1" Mn S04-h Cl 2"1~ 2 H 2 O 

The development of the Le Blanc process for 
alkali gave rise to large volumes of hydro¬ 
gen chloride, which were at first discharged 
via a chimney stack to atmosphere. The patent 
of Gossage (1836) showed how the nuisance so 
created could be abated by washing out the acid 
gas in a coke-packed tower in a counter-current 
stream of w^ater. The hydrochloric acid so 
obtained was immediately applied to the 
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production of chlorine by reaction with man¬ 
ganese dioxide: 

4HCI+Mn02-> MnCl2+Cl24 2 H 2 O 

The by-product hydrochloric acid, of little 
value otherwise, gave a much cheaper chlorine 
than the previous process. Nevertheless, the 
imported manganese ore was expensive and the 
process was wasteful of this raw material. 
Weldon (1B66) developed a successful recovery 
process which conserved manganese with great 
economy. The liquor from tlie chlorine stills, 
containing manganese chloride, excess acid, iron 
chloride and other impurities, was carefully 
neutralised with ground limestone, and pre¬ 
cipitated hydroxide of iron was allowed to 
settle out. The clear licpior was treated with 
about a 20% to 30% excess of milk of lime to 
precipitate the manganese as hydroxide. Steam 
heating was applied and the manganous 
hydroxide was oxidised by air blowing, the linal 
product being a calcium manganite, 

CaO 2Mn02. 

The precipitate knowm as “ Weldon mud ” was 
recovered and returned to the chlorine stills. 

The Weldon })roccss, though more economical 
of manganese, still only showed about a 30% 
(Conversion of hydrogem chloride to (chlorine, 
the remainder being lost as (‘alcium chloride. 

I)(‘ac(m (1868) evolved a successful method of 
air oxidation of hydrochloric acid using (*oj)])er 
chloride as a catalyst. Altlnuigh this process 
gave a nuK'h better yield on the hydrochloric 
acid and prior condensation of hydrochloric 
acid was avoided, there were many difficulties, 
chief of which was the poisoning of the catalyst 
by arsenic and sulphur compounds. The 
product of the reaction after removal of excess 
hydrochloric acid and steam by condensation 
was chlorine diluted with nitrogen from the air. 

The process of Hasenclever (1883) for obtain¬ 
ing reasonably pure hydrogen chloride by 
dehydrating the aqueous acid with oil of vitriol 
which could subsequently be rcconcentrated was 
of benefit to the Deacon process, and rapid 
headw ay was made. 

The Deacon process depends essentially on the 
equilibrium 

4HCH-02^2Cl2+2H20, 

although it is presumed that the catalyst func¬ 
tions by decomposition of cupric chloride to 
chlorine and cuprous chloride, cuprous chloride 
is oxidised to copper oxychloride, and this in 
turn is converted by HCI into cupric chloride, 
the cycle being repeated. 

2. The Modern Processes: Electrolysis .—The 
patent of Watt (B.P. 13755, 1851) covered a 
very wide range of electrolytic processes, includ¬ 
ing the electrolysis of brine to give cldorine and 
caustic soda. Cooke (B.P. 13620,1851) described 
a cell for carrying out the method, and Stanley 
(B.P. 811, 1853) also described a process. 

The high cost of electric energy at that time, 
however, ruled out these as industrial enter¬ 
prises. 

The difficulties experienced in the electrol3rtic 
decomposition of alkali chlorides on a manu¬ 


facturing scale have been first the cost of the 
electric current, wdiich was absolutely prohibitive 
until the dynamo-electrical machine had been so 
far developed as to bo a commercial reality, 
viz. in 1872 by Gramme. When it became 
possible to conduct electrolytic experiments on 
the large scale over long periods of time,, it was 
soon found that there were many and serious 
difficulti(is, as the corrosion of the anodes, the 
evolution of gas from the cathode, the rapid 
I disintegration of the diaphragms, which were 
eith(T excessively porous or not sufficiently 
porous. There were also excessive resistances, 
voltag(\s, and the generation of heat, and thon^ 
were secondary rea(;rions, so that neither the 
chlorino nor the alkali metal product was 
obtaiiu^d in the cxi)ected purity or (juantity. 

The vari(jus electrical process(\s suggested or 
tried for the decomposition of alkali chlorides 
are all attempts to overcome cconomi(!ally these 
difficulti(5s. Workers in this field, such as 
Fitzg(':rald and Motley (1872), Wastchuk and 
Glousholf (1879), and others continued to patent 
j)roccss('8. 

An industrial electrol3dic alkali-chlorine 
process may be said to date from the work 
of Matthes and Weber (I).R.P. 34888, 1885), 
wffio discoveied a satisfactory diaphragm by 
means of which separation of anolyte and catho- 
lyte (H)uld be achieved, d'he diaphragm was 
made from Portland cement and salt, the latter 
after removal in solution giving the desired 
porosity. This achievement wuis developed by 
Chemische J^^abrik Grieshciin, later Griesheirn- 
Elektron, and the first large-scale plant taking 
400 11.P. was o2)eratcd in 1890. 

About 1890 numerous difl'erent types of cell 
w^ere patented, of which that of Le Sueur 
(B.P. 5983, 1891), which was opcrat(‘d in the 
Eastern States of America, should be noted as 
the first horizontal diaphragm cell. Car¬ 
michael’s cell (IJ.S.P. 518710 and 637851) 
w’^as also developed in the same area. 

These cells, like that of Griesheim-Elektron, 
were discontinuously operated diaphragm cells 
with submerged cathode. The cathode chamber 
was filled at the beginning of each cycle with 
wafer or dilute caustic soda which gradually 
increased in strength. Diffusion of sodium 
chloride from the anode chamber which 
necessarily took place and contamination with 
sodium hypochlorite and chlorate necessitated 
after a time cessation of electrolysis, removal of 
the catholyte and recommencement of the 
process after addition of fresh licjuor. 

The Hargreaves-Bird cell (B.P. 18871, 1892, 
and others) introduced a new principle in the 
non-submerged cathode. The cathode in this 
case, made of perforated steel sheet or iron wire 
mesh, was in close contact wdth the diaphragm, 
and the cathode liquor trickled down the cathode 
and the diaphragm wall to a sump. 

To reduce the tendency for hydroxyl ion to 
diffuse back to the anoljde, carbon dioxide was 
admitted to the cathode chamber and sodium 
carbonate was produced. Steam was also 
admitted with the carbon dioxide to assist in 
heating the cell. This process was operated 
until 1928 by Electro-Bleach and By-Products, 
Ltd., at Middlewich, Cheshire, and small units 
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were erected at cellulose factories in Austria I Production of Chlorine by Oxidation of 
and U.S.A. This type of cell, omitting the use Hydrochloric Acid. 


of carbon dioxide, is the forerunner of three 
cells, viz.: AUen-Moore, Gibbs and Nelson, 
which, with numerous slight variants, represent 
the most frequently employed diaphragm cells at 
the present time. 

The development of a horizontal diaphragm 
in the well-known Siemens-Billiter cell took 
place in 1907 about the same time as the more 
modern vertical diaphragm colls were evolved. 

An attempt to dispense with diaphragms com¬ 
pletely gave rise to the bell-jar or specific 
gravity cell, which was investigated by Richard¬ 
son and Holland at St. Helens in the hiiiieties 
(B.P. 2297, 1890). The only industrially 

successful cell of this type was that of Verein 
fiir Chcmische und Metallurgische Produktion 
(D.R.P. 141187, 1900) installed at Aussig 
(Czechoslovakia). 

The mercury cell was devised almost simul¬ 
taneously by Castner (B.P. 16046, 1892) and 
Kellner (D.R.P. 70007, 1892), and others. 
This process, which was working industrially in 
1895, has been developed from that date chiefly 
by the Castner-Kellner Alkali Co., Ltd., in 
England, the Castner Electrolytic Co. (later 
Mathieson Alkali Works) in U.S.A., and by Sol- 
vay & Co. in Europe. 

In more recent times attention has been 
directed to the electrolysis of fused sodium 
chloride to give sodium and chlorine, see 
Dannecl and Stockem (Z. Elektrochem. 1905, 
11, 209); Dannecl, ibid. 192430; Gesellsohaft fiir 
Chemisc^he Industrie in Basle (The Ciba Cell); 
(G.P. 236804, 1909; B.P. 18300, 1910; 17047, 
1911); Roessler and Hasslacher Co. (The Downs 
Cell), (B.P. 238956, 1924). 

The Ciba cell is worked at Monthey, and the 
Downs cell is worked by the Roessler and 
Hasslacher Chemical Co. in America, and by 
Deutsche Gold- und Silber-Scheideanstalt, in 
Germany, 

Further reference should be made to “ Mono- 
graphien fiber angewandte Elektrochemie,” 
W. Knapp, HaUe 1933 (vols. 23, 41, 33); 
Chcm. Trade Journal, 1924, Elliott, “ Electro¬ 
lytic Caustic Soda”; J.S.C.T. 1924, 43, 1224, 
1250, 1291, Hale, “ Modern Electrolytic 

Cells ” ; Chemical Markets, 30, 147, “ U.S.A. 
Chlorine Supplies ” ; Man tell. Performance and 
Characteristics of Electrolytic Cells, (Chem. 
Mot. Eng. 1931, 38, 88). 

The effective development of aqueous electro¬ 
lytic chlorine processes thus occurred between 
1890 and 1900, and from the beginning of the 
century this was an established industry, 
rapidly expanding at the expense of the Le 
Blanc process which died out by 1920. The 
industry is still growing owing to the increasing 
demands for chlorine products and the discovery 
of new uses. 

The number of types of cell in operation is 
quite large, as will be seen in the diagram on 
p, 42, which, although not complete, includes the 
important cells in the different classifications to 
which they belong, as well as some that have 
ceased to be used. The cells will be described 
under the broad classifications of diaphragm and 
mercmy cells. 


(a) Manganese Dioxide.— Technical. There 
is divergence of opinion as to the course of the 
reaction between manganese dioxide and 
hydrochloric acid. 

The first reaction is cither 

Mn02+4HCI- MnCl4-f2H20, 

or more probably, 

2Mn02+8HCI = Mn2Cl6+4H20+Cl2 

(c/. W. W. Fischer, Chem. News, 1878, 37, 250; 
U. iS. Pickering, ibid. 1879, 39, 225 ; Berthelot, 
Compt. rend. 1880, 91, 251). 

The chlorides MnCl 4 and Mn 2 Clg form 
dark brown solutions whi(‘h qui(!kly decompose 
even at ordinary temperatures, and the ultimate 
result is 

Mn02+4HCI-MnCl2+2H20+Cl2; 

but this reaction is only completed at 100°C., 
and wuth a certain excess of HCI—in practice 
at least 10% and more if low strength acid 
and hard manganese ore are used—even to twice 
the theoretical requirement. 

The manganese chloride liquor from the stills 
also contains free acid, the chlorides of other 
metals present in the ore, and a little chlorine. 

Black’s analysis of still liquor in a well- 
conducted works showed how incompletely the 
acid is utilised. 

MnCIa . . . 10-6 

HCI .... 6-6 

AlgCIc ... 0-6 

FegCIo ... 0-5 

Clg.not determined. 

HgO (by diff.) . . 81-7 

1000 

On the assumption that all the manganese 
in the ore was in the form of MnOg, and that no 
hydrochloric acid gas was carried away by the 
chlorine, it follows that out of every 100 parts 
of H CI added 33-6 parts had been left untouched. 

The original source of manganese was 
invariably pyrolusite, which occurs in quantity 
in Germany, Bohemia, Transylvania, Russia, 
India, Australia, Japan, U.S.A., and scantily in 
North Wales. 

A good pyrolusite should contain most of the 
manganese as dioxide, since the lower oxides 
are less useful. 

Russian pyrolusite varies between 75% and 
85% MnOg, and averages 80% MnOg, 1% 
MnO, 3% HgO. 

Impurities such as BaSO^ and SiOj are 
objectionable as they coat particles of the ore 
and prevent reaction with the acid. Carbonates 
waste acid and add carbon dioxide to the 
chlorine, rendering the chlorine less suitable for 
making bleach. Soft pyrolusite is more easily 
attacked by the acid than hard pyrolusite, and 
is therefore preferred. 

Chlorine Generation. —For a small production 
of chlorine, the generating vessel or still may be 
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made of stoneware. Fig. 1 shows one of the 
best forms of stoneware still intended to be 
heated by a water or steam bath. 

The manganese ore is placed in a perforated 
cylinder, capacity about 1 cwt., and this is jmt 
in and taken out of the still with special tongs 
through the large opening. 1’hc sniall pipes 
servo as acid inlet and gas outlet respoctivoly. 
The still lifpior at the end of the ojxTfition i.s 
siphoned out or run off through a discharge pipe 
passing through the steam jacket. These small 
stills permit of careful and economical working 




so far as materials are concerned, since the acid 
is not diluted by condensed steam. 

Fig. 2 shows a U-shaped pipe of lead or 
earthenware wdiich permits of sealing a still of 
a battery from the chlorine main by means ol a 
water seal—a most practical device. 

For generating largo quantities of chlorine the 
stills are made of highly silicious sandstone or 
other stone not acted uj)on by acids, impervious 
to them and not liable to crack by rapid changes 



Fig. 3. 


(a) False bottom. 

(b) Hydrochloric^ acid inlet scaled in a bowl. 

(c) Lead steam pipe connected to 

{(1) Stoneware steam column perforated above 
the bottom slab. 

(g) Chlorine outlet. 

Charging opening not shown. 

of temperature. Such stone, found at Southow- 
ram, is known as “ Yorkshire flag.” A small, 
old-fashioned stone still is shown in Fig. 3, 
which represents it cut through the middle. 


These stills mea.sured inside 7 ft. by 5 ft. by 3 ft. 
and upwards. 

The small st ills were worked by first adding the 
acid, then inserting the perforated ore container 
ready charged and rapidly making the joints 
as the reaction begins forthwith. When it 
slackens heat is gradually applied until the acid 
is exhausted. The still cools dowji overnight, 
the perforated container is removed and washed, 
and after removal of the still li(pior the cycle is 
recommenced. 

Ilie large stone stills are charged with G to 
10 ewts. of ore broken into pieces, the manhole 
closed and acid run in at tirst (piickly and then 
gradually over several hours. The heat of 
reaction assists the evolution of chlorine, and 
when this slows down steam is injected 
cautiously, the temperature rising to 90^C. 
In the early days of the process the waste 
liquor evolving ehlorino caused considerable 
nuisance and it became necessary to run it into 
closed vessels to which chalk or limestone dust 
was added, and this was subsequently the first 
stage of the Weldon process. 

The chlorine evolved is always (Hmt-aminated 
with HCl gas and water vapour, and these are 
rcmo\ od by air or water cooling of a long string 
of earthenware or lead pipes in which the 
condensation of aqueous hydrochloric acid takes 
place and is drained away by traj)ped escape 
pipes. 

Recovery of Mmtganese and Method of Utilisa¬ 
tion .—The foundations of this process were laid 
in 1837 by Cossage, who lu'ceipitated the man¬ 
ganese with lime, ran off the supernatant licjuor, 
and agitated the precipitate with air; oxidation 
was, however, vt^y slow, and was never even 
half complete. In 1866 Walter Weldon made 
his first attempts and by 1809 liis new process 
was in commercial use at the works of Messrs. 
Gamble & Co., vSt. Helens, and by 1871-73 
had been so improved as to be adopted by all 
British and Continental alkali works. 

The apparatus employed has received few 
modifications, but the conduct of the process 
which in the (uitical part is complicated and 
still not thoroughly explained has been more 
modified. In the following the plant. Fig. 4, 
and process are described. 

The process is commenced in tlie stone still E. 
The only changes demanded by the Weldon 
process arc : (1) that the acid employed should 
be as free as possible from sulphuric acid, 
since CaS 04 , 2 H 20 , subsequently formed, 
entails extra expense in filter pressing ; (2) that 
the run-off pipe for the still liquor should lead 
into a mud still D, which is shown in section in 
Fig. 4. 

The neutralising wells G, G are sunk in the 
ground on a bed of puddled clay, and after 
being built are surrounded by puddled clay to 
prevent possibility of leakage; they are 
built of large stone slabs of acid-proof Yorkshire 
flag. On the top of the wells two large timber 
beams are seen supporting the wooden gate 
agitators. The liquor, while continuously 
agitated, is slowly treated with crushed chalk or 
powdered limestone, which is preferably very 
finely ground. The free HCl is first acted upon, 
yielding calcium chloride, which is an essential 
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component for the remaining procesfles, and 
carbonic acid gas, which in escaping carries 
away the small quantity of dissolved chlorine 
gas ; these two objectionable gases are prevented 
from escaping freely into the air by covering 
the wells with strong planks well tarred and by 
leading the gases to the suction of the nearest 
chimney by an earthenware pipe. When the 
free acid has been neutrabsed yielding calcium 
chloride and Fe and A) chlorides are converted 
into the respective hydroxides, these last 
carry down as arsenites any arsonious a(;id 
originally present in the hydrochloric acid. 
Any sulphuric acid present in the hydrochloric 
acid is converted into CaS 04 , 2 H 20 . Com¬ 
plete neutralisation is necessary to remove the 
impurities and to prevent corrosion of the settling 
tanks A, A into which the liquor is next pumped, 
but the excess of CaC 03 employed should bo 
the smallest possible to reduce the cost of the 
subsequent operations. 

A swivel pipe is lowered from above into the 
liquid, as shown in Fig. 4, in the left-hand well, 
and the turbid liquor is then piped to the gun- 
metal pump shown in the figure in front of the 
third tank 1) from the left. The figure shows 
the delivery pipe rising to the top of the plant, 
then running horizontally and discharging 
through control cocks into one or other of the 
four chloride of manganese settlers A, A, A, A. 
As soon as the well G is emptied and the pump 
stopped, a small valve is opened at the base of 
the pump delivery pipe, the pipes drained 
back into the well, and the swivel pipe is with¬ 
drawn, to prevent corrosion. Tlie well is then 
ready to receive its next charge. 

The chloride of manganese settlers are made of 
f-in. thick boiler plates. The processes already 
described must be repeated until at least one 
settling tank A is quite full. After making the 
last addition the liquid should settle quite clear 
within a few hours, otherwise the charge in 
the next operation is apt to froth over, and also 
the recovered manganese will consume an undue 
amount of acid. 

After the volume of the liquor in the settler A 
has been estimated and a sample taken for 
analysis, the clear liquor may be drawn off from | 
the settler by lowering a swivel pipe just under 
the surface of the liquor, which can bo seen to be, 
quite clear. The bottom end of the swivel 
pipe is attached to the side of the tank about a 
foot above the bottom of the tank so as to leave 
plenty of room for the mud to collect and to be 
stored pending its removal. Outside the tank 
the flow of the clear liquor is controlled by a cock, 
and cocks control its entrance into the oxidising 
tower B. 

The oxidising towers B are made of f-in. 
thick boiler plates, and they may be 8 ft. 
diameter and 28 ft. high, the bottom is flat, 
and the top is quite open. The pipe bringing the 
manganese chloride liquor enters the tower 
about 6 ft. from the top of the tower and the 
top of the swivel pipe may be set to give exactly 
the desired amount of liquor. When the liquor 
ceases to run the cocks are closed, and the 
residual liquor in the settler is reserved for the 
finishing of the charge. 

The manganese chloride liquor should be 


analysed for MnCi 2 by diluting a measured 
sample with boiling water, adding zinc oxide 
until the mixture is white as milk, and, lastly, 
adding standard potassium permanganate with 
occasional boilings, until the supernatant clear 
liquor shows a pink flush; the reaction yields a 
manganite exactly like the Weldon process 
under consideration: 

ZnO-f MnO+O^^^ZnOMnOj; 

and the necessary oxygen is obtained from the 
permanganate similarly: 

3Zn0+2KMn04 

-K20Zn0+2(Zn0Mn02)f30 

The temperature of the manganese liquor in 
the tower will be above atmospheric tempera¬ 
ture, and in subsequent operations will be still 
higher, but experience has shown that if it is 
below 55°C. it should be heated to this i)oint 
by blowing in steam. The steam pipe is not 
shown in the figure, and because of the shaking 
of the tower it must pass over the top of the 
tower, and terminate at the bottom of the 
tower in several branches containing perfora¬ 
tions. 

The manganese chloride liquor during the 
above heating may be agitated, and for the sub¬ 
sequent operation must be well agitated. This 
agitation is effected by a blast of air. When 
used for agitating purposes alone the blast of 
air required is not great, but the blast can be 
regulated as desired, and can be increased very 
considerably. 

Milk of lime is prepared in the upper of the two 
tanks J, J shown in Fig. 4. Each of these 
tanks is provided with an agitator. The upper 
tank only contains a lime cage, the bottom of 
which is indicated by a horizontal line above the 
third agitator blade. This tank is filled with 
water, while steam is also blown in, until the hot 
water stands well above the level of the bottom 
of the cage. Quicklime is selected so as to 
contain less than 1% of magnesia ; it should be 
well burnt, but not over-burnt. The magnesia 
is very objectionable, because it accumulates 
during the repetition of the following processes, 
and in the generation of the chlorine it neutralises 
acid to no purpose. The selected quicklime in 
the form of large lumps is put into the cage, 
it soon slakes, generating thereby much heat, 
and this addition is continued until the milk 
registers 50° on Twaddell’s hydrometer, the 
test jar being gently rotated the while; the 
milk then contains 20 lb. CaO per cu. ft., and 
is as strong as can be conveniently prepared. 
The milk is then run from a valve at the bottom 
of the tank on to a wire sieve (not shown in the 
figure), and thence into the bottom tank J, 
which is used as a combined store and measuring 
tank. 

The next operation is the addition of milk of 
lime to the hot agitated manganese calcium 
chloride liquor in B. It is possible to calculate 
the amount of milk of lime required to (1) 
theoretically precipitate all the MnClg, and 
(2) increase the total amount to 1*6 times the 
theoretical. Long experience with the process 
and due appreciation of opposing considerations 
have shown that this figure gives the best 
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results for ensuring the rapidity and complete¬ 
ness of the oxidation, the economy of lime and 
of hydrochloric acid, the settling quality of the 
recovered manganese, and the avoidance of 
“ stiff batches.” 

The milk of lime is pumped into the tower B 
by the pipes shown. During this operation the 
utmost vigilance is required in testing, samples 
being drawn, filtered, and tested as rapidly as 
possible. The first test is simply that for 
alkalinity with red litmus paper. A second 
test is made by adding to the filtered sample a 
strong solution of bleaching powder, which 
produces a brown precipitate or colour if any 
manganese is still present, in which case either 
more milk of lime must be added or a little more 
time given for that already added to react. | 
When just sufficient lime has f)een added to 
remove all the manganese from the solution the 
addition is stopped. 

The amount of lime so far added is always 
found to exceed that expressed by the simple 
eqiiation 

MnCl2+Ca(OH)2-Mn(OH)2+CaCl2, 

because of the solubility of Ca(OH )2 in CaCl 2 
solution and because milk of lime always con¬ 
tains particles that react very slowly. The 
excess lime may vary from 0*10 to 0*45 (the 
theoretical lime given above being 1*00). 

The amount of calcium chloride present pro¬ 
foundly alters the solubility (and hence the 
reactiveness) of the calcium hydrate, as is 
shown by the following figures for 60*^0.: 

Percentage CaClg 

in solution . 0 5 10 15 20 25 30 

100 c.c. dissolve g. 

ofCaO . . *09 -11 *13 -17 *22 *29 -38 

On cooling very long crystalline needles of the 
oxychloride CICa*0*Ca*0H-l~7H20 separate 
and so much so from strong, hot solutions that 
the mixture becomes apparently solid and 
can be inverted, and this has been assumed to be 
one of the reasons for the production of the 
“ stiff batches ” mentioned. 

Starting from native manganese the liquor will 
contain about 18% CaCi 2 only, and because 
of the low solvent action of this concentration 
of calcium chloride on the excess lime already 
added, it is not permissible to add any further 
excess until some of the free lime has been 
removed by converting it into calcium 
manganite. 

For this purpose the blast of air is increased 
to its maximum and continued until the end of 
the operation. The fixation of the oxygen causes 
the temperature to rise a few degrees, and the 
reaction C a O-f M n O-f O = C a O • M n O 2 reduces 
the amount of free lime and changes the colour 
of the precipitate from light yellow to brown, 
and then to black. After about a quarter of 
an hour one-fourth of the remaining excess lime 
desired is added, and these additions repeated 
after three more periods of blowing. 

During the progress of the blowing, filtrates 
from samples will show a diminution and 
then the disappearance of the free lime. The 


simultaneous oxidations of the mixture (CaO-+- 
MnO) and of the excess MnO to form 
(CaO-MnOg) and (MnO'MnOg) respectively 
are now complete, and continued blowing has no 
further effect. 

But by the addition of a second supply of 
manganese chloride liquor to the blowing tower 
a now reaction is now brought into play, namely 

2(CaO*Mn02)+MnClo 

=:(Ca0-2Mn02)fCaCl2+Mn0, 


and by continuing the air blast the MnO is 
converted into (MnOMnOg), as in the first 
part of the operation. The “ blowing out ” 
of the manganese becomes slower with each 
addition, and when it becomes too slow no 
more is added, and the whole operation is ended. 
The effect of this last operation is to increase 
the amount of chlorine that can be manu¬ 
factured from the mud, without increasing the 
amount of acid required for its manufacture. 

The mud, consisting of calcium dimanganite, 
Ca 0 * 2 Mn 02 , and manganese manganite, 
MnO'MnOg, suspended in a calcium chloride 
solution is now run from the base of the oxidising 
tower by the cock and main c, c. Fig. 4, into the 
mud settlors C, C, similar in construction to the 
settlers A above. After a few hours the settling 
is complete and the clear supernatant calcium 
chloride liquor may then be run away through 
the main E, E, by opening the cock near the 
bottom of the tank and gradually lowering the 
swivel pipe p, until the black mud below is 
reached. 

The manganese mud is now ready to be used 
in the manufacture of chlorine. It differs from 
native manganese in that it is entirely soluble 
in hydrochloric acid and that it dissolves 
very much more readily. The generating tank 
therefore does not require a false bottom, and 
it is made very large. Fig. 4 shows four such 
stills D, D, that may be 12 ft. diameter and 
12 ft. deep. They are octagonal, but otherwise 
resemble in construction the native manganese 
still. The right-hand end still is shown in 
section, the two columns S, S are the perforated 
stone blocks for blowing in steam. The outlet 
liquor pipes are not shown, nor are the gas outlet 
pipes, nor the acid inlet pipes. 

Into the still is charged any liquor available 
from the still E, because though it is not strong 
enough to act further on native manganese, 
it will act on recovered manganese mud, and 
this is one of the advantages of the Weldon 
process. Hydrochloric acid is then also run 
into the still till the acid liquors are 2 ft. deep. 
The settled mud in the settler tank C may 
then be stirred by a hand rake, to make it a 
little more fluid, and run through a cock g 
situated in the bottom of the settler, into the 
main /, /, and thence through another cock 
into the luted trap 4, when it runs into the 
still. The chlorine is given off very readily, and 
the rate of evolution of the chlorine is governed 
by controlled addition of the mud. As the 
acid becomes exhausted steam is blown in to 
raise the temperature, and the further additions 
of mud are made with caution, until samples 
taken from the stiU by an earthenware cock 
(not shown), cease to be clear yellow and become 
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a clear coffee colour that is not removed by 
further steaming. A sample tested with standard 
caustic soda solution will then show the presence 
of about 0-5% of free acid. The waste mangan¬ 
ese liquor is now run, as before described, into a 
neutralising well C by opening an earthenware 
cock and the Weldon recovery process is 
repeated. 

When sufficient mud has accumulated in 
settlers A, A, a long-handled plug (indicated by 
a dotted line in each of the tanks) is lifted, and 
the mud is run through pipes q to filter presses 
(not shown in the figure), where as much 
manganese chloride liquor as is possible is 
recovered, and the cakes of stiff, nearly dry 
mud are then thrown awaj^ 

When sufiicient manganese chloride liquor 
has been made from native manganese in the 
still E to stock the settlers A and C, and to 
give working charges in G, B, and D, then 
only so much native manganese requires to 
be dissolved in E as will counterbalance the 
unavoidable losses in the whole of the Weldon 
plant. 

(6) Air Oxidation. —The Gaseous Hydro¬ 
chloric Acid and Atmospheric Oxygen Method .— 
After many unsuccessful attempts made by 
Oxland (1845), Jullion (1846), Binks (1860 and 
1862), Dufreno (1865), and others, the labours 
of H. Deacon and F. llurtor, from 1868 onwards, 
produced an entirely successful chlorine process 
which is based on the direct oxidation of the H 
in HCI by atmospheric oxygen, and vdiich 
utilises much more of the HCI than any process 
employing either native or recovered MnOg. 
Some processes patented later (Henderson, 1871; 
Weldon, 1871; Wigg, 1873, etc.) proceed on the 
same linos but have not been practically 
successful. 

The Deacon process starts from the well- 
known fact that a mixture of hydrochloric acid 
gas and oxygen at a temperature just below a 
red heat, especially in contact with porous 
substances, partially changes into chlorine and 
water: 2HCl-fO —HgO-f CIg. This decom¬ 
position is very much assisted by the employ¬ 
ment of substances which serve as oxygen- 
carriers, and of those the salts of copper 
(previously employed by Vogel, 1855; Gatty 
and Laurens, 1860; Mallet, 1866) have been 
found most useful. Probably in all cases cupric 
chloride is formed, which at once splits up into 
cuprous chloride and free chlorine. The 
CU2CI2 combines with oxygen to form oxy¬ 
chloride, CuO*CuCl2} and this acts again upon 
HCI, yielding water and reforming cupric 
chloride, so that the reactions can begin over 
again: 

(1) 2CuCl2==Cu2Cl2+Cl2 

(2) CUaCla+O^CI—Cu—O—Cu—Cl 

(3) Cu20Cl2+2HCI-H20-b2CuCla 

Theoretically, all the HCI would thus be con¬ 
verted into chlorine, but in practice, under the 
best conditions, about two-thirds of this decom¬ 
position is effected. The undecomposed HCI 
is, however, not lost, but is recovered and can 
be utilised for other purposes, e,g., for the 
Weldon process. 


The reversible reaction of the Deacon process 
has been studied by Lunge and Marmier, by 
Lewis (J. Amer. Chem. Soc. 1906, 28, 1380), 
and by von Falckenstein (Z. physikal. Chem. 
1907, 59, 313). Lewis and Randall (“ Thermo¬ 
dynamics and the Free Energy of Chemical 
Substances,” 1923, McGraw-Hill Book Co., Inc.) 
have critically examined these results and those 
obtained by Moldenhauer (Z. anorg. Chem. 
1906, 51, 369) for the hydrolysis and oxidation 
of magnesium chloride and have shown that all 
these results arc in excellent agreement with 
the equilibrium constants calculated from the 
free energies of steam and gaseous hydrogen 
chloride, which are, of course, obtained by 
entirely independent methods. 

For the reaction 

JCl2(g.)+iH,0(g.)=HCI(g.)+102 

they give the equation 

AF°-6835~0*02TlnT~000085T2 

+ 0-000000185T2 - 7-27T, 

where AF° is the change in free energy. 

From the equations 

^ [OainHCl] 

and -RTIuK-AF" 

the equilibrium constants may be calculated. 
Although the equilibrium equation is in terms 
of activities, pressures (as atmovspheres) may be 
used as a first approximation. 

The following figures are calculated from 
Lewis and Randall’s equation : 

Temp. °C. 300 350 400 450 500 550 600 
AF°cals. 2,350 1,940 1,525 1,110 690 270-154 
K. . . 013 0-21 0-32 0-46 0-640-89 L09 

Deacon’s process deals with the gaseous 
hydrochloric acid, as it is evolved in decom¬ 
posing common salt by sulphuric acid without 
condensing it into liquid acid. In practice 
only the gases from the decomposing pots, say 
68-70% of the total HCI, are used for the 
Deacon process, those coming from the roasters 
being too dilute and containing too much 
sulphuric acid. 

The quantity of air necessary to form chlorine 
enters through the joints of the doors and 
dampers and is regulated by the suction main¬ 
tained on the whole plant. Usually there are 
4 vols. of air to 1 vol. of HCI. An excess of 
air is less injurious than a deficiency of it, in 
which case there is a poor decomi)08ition. 

The gases leaving the pot are first cooled by a 
long string of pipes and a scrubber; thus much 
of the water and about | or J of the HCI are 
removed. Further, the gas may be dried in a 
sulphuric acid tower before it enters the decom¬ 
poser, such complete drying being very advan¬ 
tageous for the process. The gases now enter 
the heating furnace in which pipes are arranged 
in two sets of twelve. 

The gases are here heated up to 600®; the 
waste heat of the furnace is sufficient for heating 
the decomposer, which does not possess any 
fire of its own. 
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The gases now pass into the decomposer 
(Fig. 5), an upright, cast-iron cylinder. It 
contains a cylindrical ring of broken bricks D, I), 
supported by two cylindrical cast-iron rings 
of shutters placed concentrically one within 
the other. The gases enter at the circumference 
at A, pass radially across the decomposing 
mass D into the inner space, and are led away 
through the pipe OB. The decomposer tempera¬ 
ture ought to be between 480“ and 500“. The 
catalyst mass consists of burnt clay broken up 
into lumps, or ordinary bricks broken, freed from 
dust, and dipped into a solution of cupric 
chloride. The mass contains about 0*6-0-7% 
of metallic copper. 

When the gases leave the decomposer, they 
consist of a mixture of HCI, free CI2, and 
steam. At best two-thirds of the HCI is 
converted into chlorine, but sometimes oidy 
one-half. The hot exit gases are now cooled 
by passing through a long string of earthenware 
or glass pipes, and arc then freed from HCI by 
washing with water in tlie ordinary acid con¬ 
densers, consisting of stone towers filled with 
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coke, combined in some works with acid 
cisterns. Woulff’s jars, etc. By properly 
managing this process, all the aedd can be 
obtained in the state of coiuicntration required 
for the Weldon process and other purposes. 

There is theoretically no loss of HCI in the 
Deacon process, the whole of the acid evolved 
from the salt being either converted into 
cldorine or recovered by condensation as 
aqueous hydrochloric acid. In practice, of 
course, some losses occur, but they arc not 
necessarily large. 

During tlie early years of the working of 
tlie Deacon process results were disappointing 
and unsatisfactory. The fact that impurities 
accompanying the gaseous HCI wore sufficient 
to seriously affect the process was not realised. 
The impurities are sulphuric and sulphurous 
acids, arsenious acid, water, and carbon dioxide. 

The arsenious acid, derived from the AS 4 O. 
in the sulphuric acid used, forms arsenate of 
copper, which is even less reactive than the 
CUSO 4 formed from the sulphuric acid im¬ 
purity. The presence of these impurities 
necessitated the frequent renewal of the decom¬ 
posing material. Water is one of the products 
of the decomposition, and hence, when present 
in the inlet gases, increases the partial pressure of 
the products of the reaction and lowers the 
maximum percentage decomposition obtainable 
under the conditions of the process. 

Carbonic acid derived from the fuel gases, 
either of the salt-cake furnaces or of the decom- 
VOL. III.—4 


posing furnace itself, was a serious obstacle to, 
and frequently entirely prevented, the pro¬ 
duction of strong bleaching powder. This 
difficulty luis been overcome by greater care in 
the construction of the apparatus and in testing 
for leakage. 

It will be noted from the above description 
that only the gaseous HCI from the salt-cake 
pot is dealt with by the Deacon process, and 
the liquid acid collected after the decjomposers 
has to he sold as su(!h or used in some other way, 
such as by the Weldon process. 

Hasenclcvcr, however (B F. 3393, 1883), 

described a process for gasifying the HCI in 
the liquid acid by mixing with strong, hot 
sulphuric acid in a series of earthenware vessels 
through which air is blown. By this means a 
steady, continuous stream of gaseous HCI 
is evolved with an easily regulated supply of air. 
After passing through the scries of vessels, the 
vitriol diluted with the water contained in the 
liquid hydrodiloric acid has to be recon¬ 
centrated to the original sp.gr. The concentra¬ 
tion is gcmerally x^erformed in long, lead, brick- 
lined f)ans, heated by top heat, the fuel gases 
being in direct contact/ with the sulphuric acid. 
This process was used to a considerable extent, 
but from the large quantity of sulphuric acid to 
be concentrated per ton of bleaching })owder, a 
very material addition is made to the cost of 
manufacture. 

Other Contact Subolanres .—A gcMicral investiga¬ 
tion on the mutual action of HCI and O in the 
presence of certain compounds of Cu, Fe, Mn 
and Cr was made by j..an)y (Bull. iSoc. chirn. 
1873, [ii], 20, 2). (.V)pp( 5 r salts w(‘i‘e found to be 
more ctiicient than others, and with these the 
decomposition is at its maximum at about 440“. 

The i)roj)osals to employ ferric chloride (Thi- 
bierge, 1855, and others) or chromic oxide 
(Hargreaves and Robinson, 1872) have not had 
any jiracjtical success. 

Nickel oxide was juoposed by L. Mond (B.i^. 
8308, 1886). 

De Wilde and Keychler (B.P. 17272, 1889) 
proposed employment of a mixture of mag¬ 
nesium and manganese chlorides with mag¬ 
nesium sulphate. 


Production of Chlorine by Electrolysis of 
Alkali Chloride. 

Technical. Theoretically a current of 1 amp. 

... . . , , g- equivalentX 3,600 _ 

hborates in 1 hour —--—-g. of an 

96540 

element. 

Simple as the electrolysis of alkali chlorides 
may appear from the formula, yet in aqueous 
solutions the first obvious difficulty arises from 
the activity of the alkali metal. Where no 
attempt is made to separate the cathode and 
anode products, the output of such a cell will be 
hypochlorite or chlorate according to the 
conditions of operation. 

The separation of the two products naturally 
presents many difficulties, since factors such as 
temperature, electrolyte concentration, ionic 
mobility, electrode materials, and current density 
play an important part. 
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The effect of two of these factors is shown by 
the fact that the conductivity of solutions of 
alkali chlorides increases with concentration 
and with temperature. 

The voltage of an electrolytic cell depends on 
the decjomposition voltage of the salt, the length 
of the electrolytic path, the overvoltage at each 
electrode, and the current density of the cell. 
In the case of a diaphragm cell, resistance of the 
diaphragm is also a factor. 

Thomson’s formula may be used to calculate 
the approximate decomposition vtdtage (E) of a 

® 

of formation and n is the valency. 

Overvoltage is an inherent properly, non- 
calculable, of the electroile material. Although 
the hydrogen over voltage in caustic solutions at 
graphite electrodes is very low, for constructional 
purposes metal cathodes are preferable and 
nickel with a low hydrogen over voltage is 
suitable, but iron with a slightly higher over¬ 
voltage, 0-08 volt (Caspari), is cheaper. 

Mercury is in a class apart with a very high 
hydrogen over-voltage, 0-78 volt (Caspari), 
1-0 volt (Tafel), and it is due to this property 
that sodium is discharged preferentially on 
electrolysis in the meremry cell process and that 
sodium amalgam is only very slowly decomposed 
by water. This fundamental property has made 
possible the development of the mercury cell. 

Chloriiio over-voltage also varies with the 
anode material: at carbon electrodes it is low, 
whilst at idatinura or fused magnetite it is 
high. 

The following determinations of single elec¬ 
trode potentials may bo noted : 

OH' ion discharge 4-0-82 v. 

Cl' „ „ 4-1-37 V. 

H’ „ „ -0-41 v. 

Na- „ „ -2-71 V. 

HgaNa* „ „ -1-81 V. 

In a brine solution the smallest decomposition 
voltage is T23 for the electrolysis of water, 
but the over-voltages are high and at higher 
voltages little of this process proceeds. 

At 4-08 volts electrolysis of anhydrous sodium 
chloride commences, but since in aqueous solu¬ 
tion the exothermic reaction betw een sodium and 
water to give caustic soda and hydrogen takes 
place, the decomposition voltage will be reduced. 
It will be higher than the decomposition voltage 
of hydrochloric acid, 1*78 volts, due to the fact 
that hydrogen ion concentration will be low at 
an electrode where there is a preponderance of 
OH' ions from the caustic soda and there is a 
rise in the single potential for hydrogen ion 
discharge. The decomposition voltage will 
depend on the strength of the caustic soda as 
well as that of the brine, but is of the order 
of 2-2 volts. 

With a dilute sodium amalgam cathode the 
single potential of sodium is lowered by reason 
of its solubility in the amalgam, and the decom¬ 
position voltage is of the order of 3-18 volts. 

The decomposition voltages, therefore, of 
sodium chloride in saturated brine are approxi¬ 
mately 2-2 volts for diaphragm cell processes 
and 3-2 volts for mercury cell processes. 


The mobility of ions plays an important part 
in diaphragm cell processes. The hydroxyl ion 
with a potential drop of 0-1 volt at room tem¬ 
perature has a velocity of 6-48 mm. per hour 
compared with 2-41 mm. per hour for chlorine. 
Migration of hydroxyl ion, therefore, must be 
opposed by a suitable velocity of electrolyte 
through tlie diaphragm if satisfactory yields are 
to be obtained. It becomes clear, tlum, that for 
the same efficiency horizontal diaphragm cells 
will yield a stronger caustic liquor than vertical 
diaphragm cells. 

The choice of materials for electrodes has been 
limited in course of time by initial cost and by 
running costs. The high over-voltage and high 
cost of platinum and magnetite anodes have 
eliminated these from chlorine cells and artificial 
graphite is now universally emj)loyod. This 
latter material, w’hich is porous by reason of its 
method of manufacture, suffers from the fact 
that as porosity increases so the life of the anode 
decreases. It has bec-n eontendcfl that in the 
pores where there is no appreciable circulation, 
the aqueous solution becomes depleted of 
chloride ion and hydroxyl ion discharge occurs; 
this results in oxidation of the anode to carbon 
dioxide and disintegration is promoted. 

Oast magnetite (O.P. 157122 and 193307, 
GrieshcimE-lcktron) was used to overcome the 
defects of porous carbon, and with particular 
advantage in the Griesheirn cell, where the 
chlorate concentration in the anolyte accen¬ 
tuated attack on the carbon. 

More recently attempts have been made to 
increase the life of graphite anodes by impregnat¬ 
ing them with organic substances to reduce 
their porosity (Fitzgerald and Molloy, B.P. 1376, 
1872; Atkins, 754114, 1904; de Vains, 

F.P. 567925, 1922; Koholyt, B.P. 221634, 
1923 ; Pomilio, Giorn. (ffiim. Ind. Appl. 1925, 
7, 63; Bozel-Maletra, F.P. 679816, 1928). 
Jaffe (Z. Elektrochem. 1936, 42, 71-85) shows 
that impregnation causes an increase in the 
over-voltage of chlorine discharge. 

IliAPiiKAOM Cells. —The Grieslieirn Cell ,— 
This was one of the earliest cells to be operated 
on an industrial scale, although it has now 
been replaced largely by more economic units. 
It employs stationary electrolytes and, there¬ 
fore, has not the same intensity of output, nor 
the same economy in power and materials as 
later cells, but its advantages of robustness 
and simplicity well fitted it for the early days 
of electrolytic chlorine production. It depends 
essential c»n Breuer’s diaphragm (B.P. 19775, 
1891) made by setting cement with acidified 
brine; after complete setting the crystallised salt 
can be washed out to leave a very porous block. 

A number of boxes made of such diaphragm 
plates fixed in an angle iron frame rest in an 
outer steel container. These boxes make the 
anode compartment which is fitted with carbon 
anodes, wffiilst the steel outer vessel and steel 
plates hung between the boxes form the cathode. 
Porous pots filled with salt are suspended in 
the anode chambers to maintain the strength of 
the brine. Eig. 6. 

The method of operation is to fill the anode 
compartment with saturated brine and the outer 
container with weak brine. As electrolysis 
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proceeds alkali accumulates in the cathode 
liquor until the concentration reaches 40 to 
50 g. of caustic soda per litre, when electrolysis 
is stopped, the caustic liquor drained off, and 
after refilling the cathode chamber the process 
is recommenced. In its long history the cell has 
naturally undergone many changes, bigger cells 
were made and provision was made for main¬ 
taining a high working temperature and for 
collection of hydrogen. 

The cell voltage was of the order of 3-65, 
with current densities at the anode of to the much higher chlorine over voltage. 

2 amps./dm.2, and at the cathode of This cell was largely applied to the electrolysis 
0-5 amps./dm.2 of potassium chloride in Germany. 



Owing to the low output and absence of 
positive movement of solution through the 
diaphragm, back diffusion of hydroxyl ion is 
appreciable. This leads to low efficiencies, high 
chlorate content, and rapid anode attack. 
This latter results in a high carbon dioxide 
content of the chlorine which in turn causes 
difficulty in bleaching powder production. 
Attempts to obviate these difficulties led to the 
manufacture of magnetite electrodes, but these 
add appreciably to power consumption owdne 


The Siemens-Billiter Cell .—The first installa¬ 
tion of these cells was tested in 1907 at Aschers- 
leben by the association of Kaliwerke Aschers- 
Icben, Siemens & Halske A. G., Billiter, who 
had carried out much experimental wwk 
previously in Vienna. 

Many plants were subsequently erected in 
Germany. 

The cell consists of a sheet iron tank, the 
cathode is a sheet of perforated iron or iron 
netting attached to the walls a little above the 
bottom of the cell. 

The side walls above the cathode are covered 
with a layer of cement, w^hilst the cover of the 
cell consists of tiles of concrete or stoneware. 
The anode leads of graphite which carry graphite 
plates pass through the cover, whilst the iron 
shell is connected to the cathode leads. The 
chlorine outlet in the cover is connected to an 
earthenware main, whilst an outlet pipe of iron 
from the cathode chamber serves to carry away 
the hydrogen. The caustic liquor drains from 
the cathode chamber continuously. Fig 7. 

The cell is the only type in large scale com¬ 
mercial production which has a horizontal dia¬ 
phragm and the success depends on having a 
suitable diaphragm which has sufficiently fine 
capillaries and at the same time a readily 
regulated porosity. The essence of Billiter’s 


diaphragm is the use of a fibrous material, 
asbestos, and a powder, barytes, which arc spread 
uniformly on a sheet of asbestos cloth resting on 
the cathode. With a suitable diaphragm there 
is no tendency for hydrogen to penetrate, and the 
avoidance of this eliminates the difficulty of 
producing a satisfactory chlorine as well as a 
caustic liquor of constant and suitable com¬ 
position. 

The cell having been filled with brine, the 
circuit can be closed. The brine percolates 
uniformly through the diaphragm, and as the 
anodes practically cover the whole diaphragm a 
uniform current-distribution and brine-flow 
ensue. 

A level gauge is fitted to the side of the cell 
to indicate the depth of brine, but a modification 
has been introduced in recent years. A small 
vessel external to the cell is connected to it 
just above the diaphragm and the hydrogen 
from the cathode chamber bubbles through the 
brine in this vessel. By varying the depth of 
the hydrogen seal in the brine the rate of 
brine percolation through the diaphragm is 
controlled at the desired rate under varying 
conditions of hydrogen and chlorine pressure and 
of brine level. 

In actual construction the tank may be 
shallow, little deeper than the cathode compart- 
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ment, and the wall of the cell may be built up 
of brick or stone suitably tied together. 

The cell is operated to give a constant 
alkalinity which is achieved by varying the 
level of brine in the cell. The rate of percolation 
and the cell voltage remain practically constant 
for many months, but gradually the diaphragm 
becomes blocked owing to the accumulation in it 
of calcium and magnesium deposits, and the 
cell is then cut out for cleaning. The depth of 
brine, which may bo 8 cm. at the commencement 
of the cell life, will be gradually increased during 
the run, possibly to 24 cm. when cleaning is due. 


The results of a run of two months with 
brine not specially purified are given by Billiter. 

Mean current . . . 200T6 amps. 

„ „ efficiencj" 94*7% 

„ voltage . . . 3*66 v. 

„ alkalinity . . 130*2 g. NaOH/litre. 

COj content of chlorine 1*17% 

The average voltage for different current 
densities of a cell working at 85°-95°C. is : 

Current density amps./dm.- 4*6 7*0 10*0 

Voltage.3*5 4*0 4*7 



The alkali content of the cathode liquor is 12- 
16% for NaOH or 18-20% for KOH with 
average current efficiency of 95%. 

The Bell-jar {Auaaig) Cell. Eig. 8.—This ceU, 
formerly operated by the Verein fiir Chemische 
iind Metallurgische Produktion at Aussig, Czecho¬ 
slovakia, is sometimes known as a gravity cell. 
It may be described as a diaphragm cell which 
dispenses with a solid diaphragm, since it func¬ 
tions by reason of stratification of the liquors. 
The density of the caustic liquor produced at the 
cathodes outside the bell-jar is slightly greater 
than that of the feed brine, and the flow of 
brine from the anode in the bell to the cathode 
counteracts the tendency for alkali to diffuse 
back to the anode. 

In a concrete vessel 8 to 10 ft. long, 4 ft. wide, 
there rest 26 bells; the bells, which are long and 


narrow, are made of sheet iron coated inside 
with cement, and rest on a ledge in the concrete 
wall. The graphite plate anodes lie horizon¬ 
tally inside and just above the lip of the bell 



and the brine feed is distributed uniformly above 
the anode. The sheet iron beU acts as cathode 
and the caustic liquor overflows continuously. 
The cell is reputed to have a long life. Each 
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bell takes 20 amps, at a voltage, increasing 
from 3-7 to 4-2 during a run, and the cell has a 
current ej05cioncy of 85-90% when producing a 
caustic liquor containing 120-140 g. NaOH 
per litre. 

The Billiter'Leykam Cell. —This cell was 
devised as an improved bell-jar cell. The 
cathode is placed below the bell and consists of 
T-section iron bars wliich arc cneJosedin tubes 
of asbestos cloth. The cloth is not an electro¬ 
lytic diaphragm, since its purpose is solely to 
keep the hydrogen separate and carry it from 
the cell so that the chlorine may not be con¬ 
taminated and the caustic liquor may not be 
agitated. 

At 85°C. the voltage is 3-2, caustic liquor 
150 g. NaOH per litre with current efficiency 
92-94%. 

The cell was intended by Jblliter as a trouble- 
free unit for small ox^erators. 

The Gibbs Cell. —This cell dates from about the 
same time as the Sicmens-Billiter and has found 



its principal applications in America. It was 
followed by the Vorce and Wheeler cells, which 
are derived cells different in detail. 

The diaphragm here is vertical and cylindrical 
(Fig. 9). The cathode is a perforated steel 
cylinder closed at the bottom and top wdth 
a cement disc and cover respectively. The 
diaphragm of asbestos paj^er rests inside the 
cathode and the anodes of carbon rods inside 
the shell are suspended from the cover. The cell 
rests inside a cast-iron or steel cylindrical tank, 
this forming the cathode compartment. 

The original patent indicated the cathode 
compartment flooded with caustic liquor; this 
method of working was abandoned in favour 
of a drained cathode, which is reminiscent 
of the much earlier Hargreaves-Bird cell. 

The HargreaveS’Bird Cell. —This cell, like the 
Griesheim cell, is interesting historically as 
being one of the first to achieve commercial 
success. It is particularly interesting as the 
progenitor of the continuous type with vertical 


! diaphragm and drained cathode which has 
achieved greatest success. 

It was operated by Electro-Bleach & By- 
Products, Ltd., at Middlewich, England, until 
1928, when the works was closed down. 

The cell consists of a cast-iron container, 7 ft. 
high, 11 ft. long, 1 1 ft. wide, lined with cement 
or brick. It is divided into three compartments, 
by asbestos cement com])08ition diaphragms 
fixed to copper mesh cathodes; the anode com¬ 
partment is between the two cathode compart¬ 
ments. Fig. 10. 

Although caustic soda was made in this cell, 
in practice steam and carbon dioxide were 
blown into the cathode compartment and 
sodium carbonate was produced. 

The later cells of this tyx^e adopted neiswer 
materials and improved methods of construction 
which gave a greatly increased output. 

The Allen-Moore Cell. —This, like its fore¬ 
runner, the Hargreaves-Bird cell, is rectangular 
with vertical diaphragms. A compete monolith 
makes the bottom, top, and ends of the cell, 
the sides being closed by shallow steel boxes 
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which bolt on to the concrete. The cell thus 
formed contains the perforated steel sheet 
cathode on which rests the asbestos diajihragm. 

The graphite anodes pass through the concrete 
top, and the asbestos diaphragms inside the steel 
boxes bolted to the concrete form the anode 
chamber. Fig. 11. 

The standard unit takes 1,200 am^^s. at an 
average voltage of 3*55. The caustic liquor, 
80-100 g. NaOH per litre, is produced with a 
current efficiency of 95%. The diax)hragin life 
is 3 months and anode life 18 months. 

The cell is principally used in jmper mills in 
U.S.A. 

The Townsend Cell. —This is similar to the 
AUen-Moore cell. A new idea is introduced in 
the flooding of the cathode chamber with 
kerosene. This compensates the hydrostatic 
head of brine on the opposite side of the dia¬ 
phragm and reduces the rate of percolation. 
The production of a stronger caustic li(iuor is 
possible without the back diffusion of the 
OH' ions into the anolyto having quite the 






64 


CHLORINE. 


same force as if the cathode were submerged 
in caustic liquor completely. The caustic liquor 
is carried away from the cathode by the 
hydrogen, and sinks through the kerosene and 
runs away. Fig. 12. 

A standard 2,500-amp. cell is 8 ft. long, 1 ft. 
wide, and 3 ft. deep. The caustic liquor, 
160-180 g. per litre, is produ(‘(*d at a current 
efficiency of 95%, the cell working at 4*0 to 4*2 
volts. 

The diaphragm of asbestos cloth is painted 
with a mixture of asbestos fibr(‘, lerric oxide, and 
colloidal lerric hydroxide. 

This cell is operated by the Hooker Electro¬ 
chemical Company at Niagara Falls. 

The Pomilio Cell .—This cell is very similar to 
the Townsend and other c(‘ll8 of this type. 
It operates with a controlled submergence of 
the cathode. The depth of caustic liquor is 


altered as required to control the rate of percola¬ 
tion. A 3,000-amp. cell at an average voltage 
of 4-0 produces a caustic liquor of 140-170 g. 
NaOH per litre. 

The first installation w^as made in 1921 at 
Naples. 

The Nelson Cell .—This is a diaphragm cell 
consisting of a rectangular steel box in which a 
U-shaped perforated steel sheet is attached to 
the top ; the ends of the channel are closed 
by the ends of the steel box which must, thtne- 
fore, be protected inside the anode compart¬ 
ment by cement or concrete. The diaphragm 
consists of sheets of asbestos paper and the 
graphite anodes, 14 to the cell, are })locks 4 in. by 
4 in. by 17 hi. 

A cell normally works at 1,000 amps, with a 
voltage of 3-75, and produces caustic liquor 
containing 90 to 100 g. per litre. 



This cell was adopted for what w^as at one 
time the largest alkali-chlorine plant in the world, 
the Edge wood Arsenal plant of the U.S. 
Government. 

The Krebs Cell .—This is an improved multiple 
Nelson cell with two or more U shapes in the 
diaphragm. The double U diaphragm cell 
takes 2,000 amps. Means are provided for 
increasing the depth of electrolyte as the rate of 
percolation tends to decrease. At 90% efficiency 
a cathode liquor averaging 110 g. NaOH per 
litre is produced. 

Several installations of this cell have been 
made in Europe. 

The Basle Cell (Ciba, Monthey).—Known by 
several names, this is the cell of the Society of 
Chemical Industry in Basle and is operated at 
Monthey in Switzerland and in several installa¬ 
tions in Italy and France. It is a cell of novel 
design and possesses two diaphragms which it is 
claimed give long anode life, low hydrogen 
content of the chlorine, and good efficiency. 

The cathode is a cylindrical iron wire cage of 
small diameter, 24 in. long, on which the asbestos 
diaphragm is deposited externally. The bottom 
of the cylinder is closed whilst there is a restricted 
outlet, of J-in. I.D. iron pipe, so that a froth of 
hydrogen and caustic liquor is carried upwards 
into a closed channel in which they can separate. 

The anode is a carbon plate which is sur¬ 
rounded by an asbestos cloth hanging from the 
cell cover. The plate, 24 in. by 4 in. by 2 in., 


is drilled and screwed at one end to receive the 
anode current lead which is a carbon rod in. 
diameter. 

A cathode unit consists of twelve ciathodes 
attached to the closed channel and the anode 
unit consists of ten anode plates attached to the 
cell cover, an inverted earthenware trough, 
which serves to collect the chlorine. 

Cathode units alternate with anode units in 
the cell container, individual cells carrying 6,000 
amperes. 

The reported performance is current density 
4-5 amps./dm.2 at the anode and 9*0 amps./dm.^ 
at the cathode, starting voltage 3*3 v. rising to 
4*6 V,, caustic liquor 110-130 g. per litre with 
current efficiency of 93%. 

The Gauss Cell (Badisehe Anilin- und Soda- 
Fabrik).—Little, beyond the patent specifica¬ 
tion, has been published regarding this cell, 
but it is reported to be worked on a large scale. 
Similar to the Basle cell in having two dia¬ 
phragms, it is, however, so arranged that the 
brine feed is divided, and a portion of the main 
feed to the anode compartment is bled off to 
the space between the diaphragms. 

The object of this arrangement is to reduce the 
back diffusion of hydroxyl ion to the anode 
compartment, with corresponding diminution of 
the conversion of dissolved chlorine to hypo¬ 
chlorite. 

The Finlay Cell .—In this double diaphragm 
cell the brine feed is introduced between the 
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diaphragms. Successful operation depends on 
reducing the electrolyte gap which w’as achieved 
by a sort of filter press arrangement. The 
tendency for the anolyte to become denuded of 
chlorine ion would appear to be compensated 
by resaturation of the effluent brine. 

Mercury Cells. —The Castner 
cell shares with the Griesheim, Le Sueur, and 
Hargreaves-Bird cells the position of being 
one of the first cells to prove successful on the 



Fig. 12. 

industrial scale. It is described as consisting 
of a box, A, 4 ft. square, 6 in. high, with two 
vertical partitions which divide it into three 
equal compartments. The whole is con¬ 
structed of slate or concrete. There is a gap 
under the partitions of ^ in. and a corresponding 
channel in the cell bottom which has been filled 
with mercury effectively seals the compartments 
but allows a flow of mercury. Fig. 13. 

Foerster gives the cell performance as 630 
amps, at 4*3 volts. 


In the two outer brine compartments chlorine 
is evolved, whilst in the inner compartment 
sodium amalgam is decomposed and caustic 
soda produced. 

Mercury circulation is effected by oscillation, 
one end of the cell resting on a fixed support, B, 
the other being attached to an eccentric, C, 
which by its rotation imparts a rise and fall, 
with an amplitude of half an inch. 



Fig. 13. 


The anod(^s consist of graphite rods which 
enter through the side of the cell, and the 
original proj)osal for the cathode was an iron 
grid suspended in the caustic soda. This 
arrangement, which makes the mercury a bi¬ 
polar electrode, was never worked, since for 
continuous operation each side of the bipolar 
electrode must work with the same efficiency. 
Castner, in the attempt to reduce power con¬ 
sumption to a minimum by using this arrange¬ 
ment, balanced the loss in the brine cell by a 
regulated shunt between the iron cathode and 
the mercury. Finally, however, the mercury 
was made the cathode, and the discharge of 
sodium from the amalgam was achieved as in the 
Kellner cell by making the caustic compartment 
into a short-circuited primary cell with an iron 
cathode. 

The Kellner Cell .—The construction of this 
cell in three compartments is similar to that 
used by Castner except that the cell is fixed and 
the mertniry is caused to circulate to and fro by 
moans of air pumps. Compressed air blown 
alternately into iron bells, l)j and Dg, immersed 
in mercury troughs outside each end of the cell 



Fig. 14. 


effects the regulated displacement and flow of 
mercury. 

The centre compartment serves for the decom¬ 
position of brine, whilst caustic soda is produced 
in the two outer compartments. 

The cell is made of concrete 12 ft. long by 
3 ft. 6 in. wide, and the anode chamber formed 
by slate partitions is 5 ft. 6 in. long. The anodes 
of platinum wire net, 88 in number, each weighing 
1 g., are mounted in concrete. The caustic soda 
is produced in the outer compartments using 
cast-iron grids as the cathodes of a short- 
circuited primary cell. Fig. 14. 
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The cell takes some 4,000 amps, at 5 volts 
giving a cathode current density of 25 amps./ 
dm.* Working at 50^C. there is a current 
efficiency of 92% and the caustic liquor contains 
about 30% NaOH. 

The cell is operated by the Bosnische Elek- 
trizitiits A.-G., at Jajee, in Jugoslavia. 

The. Whiting Cell .—A small installation of this 
cell has been operated by the Oxford Paper 
Company, U.S.A. (U.S.P. 951228, 951229 of 
1910). 

A shallow cement box is divided into five 
compartments by glass partitions to form the 
cell proper. As electrolysis proceeds, the 
amalgam of each compartment in turn is dis¬ 
charged into a single caustic compartment where 
it follows a serpentine path down channels in 
graphite blocks in contact with caustic liquor. 
After removal of the sodium the mercury is 
elevated from the sump to a reservoir which 
recharges tlic brine compartments in turn. 

Working at 40''C. with a current efficiency of 


90-95%, a 20% caustic liquor is produced 
(Wliiting, J.S.C.I. 1910, 29, 436). 

The Wildermann Cell .—This cell has been 
operated in Germany. Its outstanding feature 
is the quasi-vertical arrangement of the mercury 
cathode. To provide this a series of Y section 
ring-shaped channels are mounted one above the 
other and mercury is filled into each trough so 
that the lower leg of the Y section dips into 
the mercury in the ring below. Those rings of 
iron are covered with ebonite. The system of 
ring channels makes a cylinder which is mounted 
in a container. The cylinder is the brine 
compartment and the annulus the caustic soda 
comi>artment. Inside the (ylinder and as clos« 
as possible to the ring channels are vertic'al 
graphite anodes. The mercury is agitated by 
means of teeth at the end of arms which 
pass between the anodes, the arms being 
attached to a central shaft which is actuated to 
give rapid vibration. The whole of this 
mechanism is covered with ebonite. Fig. 15. 



Fig. 15. 


Graphite rods floating in the amalgam in the 
caustic compartment assist in discharging the 
sodium from the amalgam. 

A 6,000-amp. cell covers an area of 32 sq. ft. 
and works at 5 volts with cathodic current 
density of 20 amps./dm.* at a temperature of 
50^'C. ; 26% caustic soda liquor is produced. 

The Kellner-Solvay Cell .—The form in which 
the mercury cell has found widest application is 
the Kellner-Solvay cell. 11 is operated in several 
slightly differing forms, chiefly in Great Britain 
and on the Continent. 

The cell consists of two concrete troughs aide 
by side, each with a slight slope in opposite 
directions, covered when working with a sheet of 
mercury or amalgam. 

In the brine compartment electrolysis takes 
place between either platinum or graphite 
anodes and the mercury cathode. Chlorine is 
removed through a suitable exit and sodium 
amalgam is discharged into the caustic compart¬ 
ment where it is decomposed by a counter current 
of water with liberation of hydrogen. Fig. 16. 

The mercury, stripped of its sodium, is elevated 


bac‘k to the brine compartment, to begin the 
cycle afresh, by means of a scoop-wheel (Solvay), 
Archimedean screw (Castnor-Kellner), or vertical 
screw (Aussig) (Taussig, Z. Elektrochem. 1909, 
15, 659). 

A circulation of brine is maintained between 
the cells and the salt saturators. 



According to Foerster, this cell consists of a 
cement-lined iron container 14 m. long by 50 
cm. wide which, according to Billiter, takes 
12,000 amps, at 5 volts using platinum anodes. 
The loss of platinum is given as about 1J% per 
annum. 
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The chlorine gas, using platinum anodes, 
contains 99*6% chlorine, 0*2% hydrogen, and 
0*1% oxygen, whereas using carbon anodes it 
contains 96% chlorine, 3% hydrogen and 1% 
carbon dioxide. 

The chief advantage of the mercury process is 
the higher concentration of the caustic liquor of 
greater purity. The disadvantages are the 
higher power consumption, the large amount of 
capital invested in mercury, and the high per¬ 
centage of hydrogen in the chlorine. 

Whilst the mercury process is used almost 
exclusively in the production of caustic soda, 
it may be used for the production of caustic 
potash, but with greater difficulty, see AUrnand 
and Ellingham, “ Applied Electrochemistry,” 
1924; Kurt Arndt, “ Technische Elektro- 
chemio,” 1929 ; Engelhardt, “ Handbuch der 
Technischen Elektrochemie,” 1931; Foerstor, 
“ Elcktrochemie wiisseriger Losungen,” 1922; 
Billiter, “ Die elektrolytische Alkalichloridzerle- 
gung mit starren Metallkathoden, i, 1912, ii, 
1913”; Lucion, “Die elektrolytische Alkali- 
chloridzerlegung mit fliissigen Kathoden,” 1906. 

Cells with Fused Electrolyte .—The Vautin 
oeU (B.P, 13568, 1893, and 9878, 1894) 
electrolysed fused NaCI or KCI, with or with¬ 
out the addition of fluorides or other chlorides 
to low er the point of fusion, over a cathode of 
molten lead or tin with which the sodium or 
potassium formed an alloy {see paper by Vautin, 
J.S.C.l. 1894, 13, 448). 

The Acker cell is designed on the same 
principle as the Vautin cell, and makes use of 
the lead cathode {see B.P. 6636, 6637, 
1898). Below' is a sketch (Fig. 17) of the Acker i 



cell, taken from a paper by J. B. Kershaw' in 
Electrician, 1902, 48^ 20. The bottom of 
the coll P is trough-shaped and of cast iron. 
It serves as electrical connection between the 
main conductor and the mass of fused lead L 
resting on it. The upper part of the cell Q 
is constructed of any refractory basic material 
not attacked by chlorine gas or fused salt. The 
anode C is of carbon and dips into the fused 
salt. The channels and subsidiary vessel R are 
arrangements designed to remove and decom-1 


pose the lead alloy as it becomes sufficiently 
saturated with sodium. The decomposition of 
the alloy is effected by blowing steam into it, 
and the heat generated bj'^ the conversion of the 
sodium into hydroxide is returned to the cell 
and assists in maintaining the necessary tem¬ 
perature. The voltage actually taken by the 
Acker cell is 6*75, and the current efficiency 
54% (“Report of Commission on Science and 
Arts,” J. Franklin Inst. 1903, 156, [3] 221-4). 
The Acker cell was w'orked at Niagara Falls on 
an industrial scale from about 1900 to 1907, 
when the works were completely burned dow'n 
and have not been rebuilt. Fig. 19. 

The Ciba cell (Fig. 18) is used for the pro¬ 
duction of sodium by the electrolysis of fused 
sodium chloride, the production of chlorine 
being incidental thereto. 

It is described by Gesellschaft fiir Chemische 
Industrie (B.P. 18300, 1910, and 17047, 1911) 
as constructed of fireproof brick so arranged 
that the chambers for collecting the products of 
electrolysis are separated from each other 
by w'alis or diaphragms which are mainly 
vertical and are capable of resisting attack by 
the electrolyte and the products of electrolysis. 

The salt, which may be molten alkali chloride 
or mixtures thereof with other salts, is fused 
by an arrangement of heating resistances and 
additional electrodes for melting the electrolyte 
by alternating current, the resistances being 
used to produce a layer of molten salt. 

The Downs cell for the production of alkali 
metals and chlorine is described by the Roessler 
and Hasslacher Chemical fbmpany of New 
York (B.P. 238956, 1924) as one in which the 
metal halide salt is first heated, fused, and 
thereby freed from moisture in a large, 8ej)arato 
I compartment of the cell before it is subjected 
to electrolysis in the second compartment which 
is the cell proper. 

The anode is preferably graphite, the cathode 
is either iron or copper, and these are sub¬ 
stantially concentric, whilst the cell container 
is a steel shell lined with suitable refractory 
bricks. 

The electrolytic compartment is formed by a 
combination of the sodium collector and the 
chlorine collector from which two concentric 
diaphragms are suspended. The collector com¬ 
bination is submerged in the molten electrolyte 
and the sodium flows continuously from the 
collector up a riser pipe to a receiver. The 
upper portion of the chlorine collector is of 
reduced cross section, so that above the collectors 
a considerable volume of molten salt is provided 
by the fusion compartment, and by this means 
access of moisture or gaseous impurity into the 
cell proper is avoided. Fig. 20. 

See also Billiter, “ Schmelzfluss-Elektrolyse ” 
Knapp, 1932. 

Electkolysis of Zinc Chloride. —The 
waste calcium chloride from the ammonia soda 
process was utilisc'd from 1897 for some years by 
Brunner, Mond & Co., of Winnington, as a source 
of chlorine. The process has now been dis¬ 
continued. By heating the liquor with crude 
zinc oxide and carbon dioxide the reaction 

CaCl 2 +Zn 0 -f-C 02 =ZnCl 2 +CaC 03 





Fig. 19. 


1. Fireproof brickwork. 

2. Cathode. 

3. Cathode conductor. 

4. Insulating sleeve. 

5. Anode. 

6. Diaphragm resistant to chlorine 


7. Chlorine ducts. 

8. and 10. Diaphragm resistant to sodium 

9. Bell collector for sodium with outlet 13 

11. Resistor heaters. 

12, A.C. electrodes. 
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takes place, or by treating it with native zinc 
carbonate (calamine) the reaction 

C3Cl2"f‘ ZnC 03 =ZnCl 2 'f' C3C03. 

The filtered solution of zinc chloride is freed 
from its impurities (amongst which is a not 
inconsiderable amount of cadmium), and the 
resultant solution is electrolysed with carbon 
anodes and circular revolving cathodes that are 
only partially immersed, to produce chlorine gas 
and an exceedingly pure metallic zinc. Many of 
the details are due to C. Hdpfner (B.P. 11724, 
1894, and D.R.P. 85812, 1895). Puller 

details are given in two volumes of “Mono- 
grapliien fiber angewandto Elektrochemie,” 


xvi., “ Die Darstellung des Zinks auf elek- 
trolytischem Wege,” Giint her, 1904, pp. 99-180, 
and xxviii. “Die elektrochemische und elektro- 
metallurgischc Industrie Gross britanniens,” 
Kershaw, 1907, p. 108; and also in “ Applied 
Electro-Chemistry,” Allmand, 1912, p. 280. 

Proposals and Less Important Methods 
FOR THE Manufacture of Chi.orine.-— Many 
processes have been proposed and tried for 
utilising the residual ammonium chloride, or the 
residual calcium chloride of the ammonia 
soda process, but with the exception of Hopfner’s 
zinc chloride method described above none 
are now in use. Many other i^rocesses have 



A. Anode. 

B. Cathode. 

C. Cell container. 

F. Collector and dome for chlorine. 

G. Collector for sodium. 


H. Riser pipe for sodium. 

I, J. Pipe and receiver for sodium. 

K, Chlorine main. 

L, M. Diaphragms. 

N. Hole in cover for salt charging. 


also been tried for preparing chlorine from 
various sources and in various ways, but have 
been abandoned. Some of these old methods 
are enumerated below; fuller information may 
be obtained from Lunge’s “ Sulphuric Acid and 
Alkali,” 3rd od., vol. 3. 

1. Chlorine from Ammonium Chloride .—The 
most persistent efforts for the direct manu¬ 
facture of chlorine from NH^CI were made 
by Mond, who took out B.P. 65, 66, 1049, 
3238, of 1886; 10955 and 17273 of 1887; 
2160 and 2575 of 1889. Articles dealing with 
the Mond process are found in J.S.C.I. 1892, 


11, 466; 1893, 12, 10, 63. There was also a 
proposition from the Verein fiir Chemische 
Industrie of Mainz (B.P. 3322, 1886). 

2. Chlorine from CaCL-—Prolonged efforts 
for the direct recovery of the chlorine in the 
CaCl2 produced in the ammonia stills of the 
ammonia-soda process were made by Solvay: 
B.P. 77 and 171 of 1877; 838 of 1880; 7258 
and 7259 of 1884; 8724 of 1885; 13389 of 
1886; 18574ofl888. Other patents; Tw3mam’s 
process (B.P. 731 of 1885); Bramley’s process 
(B.P. 8289 of 1887); Lyte and Steinhart (B.P. 
21225 of 1890). 
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Chloride of Lime or Bleaching Powder. 

—Bleaching powder was first manufactured by 
Charles Tennant in 1799 at St. Kollox Works, 
Glasgow, the original patent being B.I*. 2312, 
dated 30 April, 1799. The first year’s output 
was 52 tons and the selling price £140 per ton. 
During the ninet eenth century the production of 
bleaching powder reached extraordinary ton¬ 
nages, but for nuiny years now the amount 
produced has been declining. This is par- 
ti(!ularly noticeable in North America, Avhere 
th(^ production at the present time is negligible. 
In Great Britain the tendency is also marked. 

The reasons in the two cases are similar, to the 
extent that consumers of chlorine in the form of 
calcium hypochlorite find that technically and 
economically the production of these solutions 
from liquid chlorine at the place of use is prefer¬ 
able. In the case of the electrolytic; chlorine 
industry in America, the heat of summer rendered 
production of bleaching powder a difficult and 
costly operation, and, in addition, the lack of 
stability of ordinary bleaching powder in a hot 
climate caused considerable losses due to 
deterioration of stocks both at the producing and 
consuming works. 

Composition ,—Until 1935 the composition of 
bleaching powder had not been established in 
spite of over a hundred years of experimental 
work, partly on account of the innate complc;xity 
of the problem and partly by reason of the 
differences in samples made in different ways. 

From its method of preparation it was 
originally assumed to be a direct compound of j 
chlorine and lime, hence the name “ chloride of 
lime ” ; but in 1835 Balard postulated a 
compound or mixture of equivalent proportions 
of calcium hypochlorite and calcium chloride, 
admixed with calcium hydroxide. 

(Idling, 1861, without any proof, suggested 
the constitution Ca(OCI)CI,which was accepted 
by Lunge, Schappi, and Naef because they 
found that calcium chloride as sucii does not 
exist in bleaching powder, sincic the substancte 
is not deliqu(;scent nor is calcium chloride 
extracted from it by alcohol. 

Although Kraut (Annalen, 1882, 214, 354) 
suggested the existence of a double salt hypo¬ 
chlorite-chloride, the Odling constituticui, 
Ca(OCI)CI, was generally accepted until 
recent years. The tendency in recent times to 
discredit the Odling constitution arose from the 
work of O’Connor, (J.C.S. 1927, 2790), which 
showed the existence of basic hypochlorites in 
the calcium hypochlorite-calcium hydroxide- 
water system. 

A most important contribution on this subject 
has been made by Bunn, Clark and Clifford 
(Proc. Roy. Soc. 1935, 161, 141), who attacked 
the problem by phase rule methods, microscopic 
examination, and X-ray powder photographs. 
They showed that the first stage in the reaction 
is the formation of the basic hypochlorite 
Ca(OCI)2'2Ca(OH)2, and ithe basic chloride 
CaCl2*Ca(0H)2*H20. Gn further chlorination 
the former is converted into another substance 
which appears to be a mixed crystal the chief 
constituent of which is calcium hypochlorite. 

Ordinary bleaching powder containing about 
35% available chlorine is a mixture of this 


hypochlorite mixed crystal with basic chloride. 
Eurther chlorination resulted in partial con¬ 
version of the basic chloride into the tetra- 
hydrate CaCl2*4H20, while the hypochlorite 
mixed crystal persists. 

The non-deliquescent nature of bleaching 
powd(*r and the difficulty of introducing more 
than 35-37% available chlorine into the solid 
are due to the presence of basic chloride, 
CaCl2Ca{0H)2H20, which appears to be a 
very stable substance. 

These results appear to leave the nature of the 
hypochlorite mixed crystal as the only sub¬ 
stantial problem that has still to be solved. 

Manufacture of Bleaching Powder.— 
Although the production of bleaching powder 
is rapidly declining, many improvements in the 
manufacture have been introduced. Attention 
has been directed to (i) improvement of w orking 
conditions and labour saving, (ii) avoidance of 
corrosion of materials, (iii) ijroduction of a drier 
and therefore more stable product. 

Lime ,—The quicklime used must bo of high 
grade if a strong bleaching powaler is reipiired. 
Silica should be low, sime calcium and mag¬ 
nesium silicates interfere with the settling of 
bleaching powder solutions. Iron compounds, 
being catalysts for the decomposition of hypo- 
(dilorites, are objectionable. Manganese can, 
under certain conditions, be converted to per¬ 
manganates and give rise to an undesired 
purplish colour. 

Hand slaking of lime has been entirely super¬ 
seded by various entirely enclosed mechanical 
devices which save labour and prevent nuisance 
from escaping steam and dust. 

Although the limestone must be w'cll burned 
to prevent excess of inert calcium carbonate, 
a “ soft burned ” lime is preferred for bleach 
making. Moreover, since the chlorination is 
catalysed by w^atcr, the slaked lime should 
contain an excess of “ free ” water. 

Bleaching Powder Chambers .—The traditional 
lead chamber or Weldon chamber process is now 
almost if not ejuite obsolete. The chambers 
were 10-30 ft. wide, up to 120 ft. long, and with 
areas up to 3,000 sq. ft. The height was about 
6^ ft. to give reasonable head room. The 
tloors were tiles or stone Hags; the sides and 
top were 5 or 6 lb. sheet lead, fastened by 
external lead straps on an external timber 
framework. Floor joints were asphalted. 

The chambers were preferably erected on 
pillars, 7-10 ft. high, so that the finished bleach 
could be packed through trap-doors in the 
chamber floor. The chambers were fitted with 
end doors of iron coated with i)rotective paint. 
“ Lutes ” were provided for the introduction and 
removal of gases. 

The 3-4 in. layer of slaked lime was spread by 
shovel and rake. For “ gassing,” the chambers 
were worked in series of four or more. The 
chlorine entered first a nearly finished chamber, 
and the unabsorbed gas passed in succession 
through other chambers which were further and 
further from being finished until the whole of 
the chlorine was absorbed. 

When a chamber was finished, the stream of 
chlorine was diverted into the next chamber. 
The residual chlorine in the finished chamber was 
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removed either by dusting in lime by a Brock 
and Minton’s whizzer (B.P. 7199, 1886) or by 
draughting into a freshly limed chamber. In 
Great Britain it is illegal to open or vent to 
atmosphere a chamber containing more than 2^ 
grains of chlorine per cu. ft. of air. 

To overcome difficulties of penetration of 
the chlorine to the bottom of the lime layer, 
other systems of gassing were adopted involving 
the “ turning ” of the lime by hand at a half¬ 
way stage. 

100% chlorine cannot be used without dilution, 
since the heat of reaction causes the tempera¬ 
ture to rise higher than 55°, the temperature at 
which the bleaching powder decomposes 
vigorously. On the otluu* hand, Weldon 
chambers are not very suitable for the absorption 
of extremely dilute chlorine. This would 
involve a disproportionately small output. 
Worked under the best conditions the output 
may be reckoned as 2-2^ lb. of bleaching powder 
per square foot of area per day (Lunge’s “ Sul¬ 
phuric Acid and Alkali,” 3rd ed., vol. 3, p. 618 ; 
2l8t Report of Chief Inspeotor of Alkali Works 
for the y(^ar 1884). 

Various plant have been devised cither to 
absorb dilute chlorine or to improve working 
conditions. 

Deacon chlorine because of its low strength 
was absorbed in a shelf chamber plant, Fig. 21, 
consisting of staggered shelves whicih formed a 
zig-zag path for the gases. A shallow layer of 
lime was raked on each shelf, the lime being fed 
through lioles in the shelves which were succes¬ 
sively covered with plates as the shelves wore 
charged from the lowest upwards. 



The Hasenclever plant (B.P. 17012, 1888), 
shown in Figs. 22 and 23, consisted of several 
superimposed iron cylinders fitted with central 
shafts carrying blades. The shafts were driven 
by geared wheels coupled together and the set 
of the blades caused the lime fed at the gas 



outlet of the top cylinder to travel counter- 
currcjit to the ascending dilute* chlorine. This 
plant, designed for Deacon clilorine, was used 
for diluted electrolytic chlorine, but like the 
Deacon chambers has been largely displaced by 
the following mechanical plant. 



Bachman Chambers .—This apparatus invented 
by Nils Baokman (G.P. 404768, 1922; 435019, 
1926; 451114,1926) consists ofa number (usually 
eight) of superimposed substantially circuls^ 


chambers, on the floors of which the descending 
lime and bleach are made to travel alternately 
from the centre of the floor to the rim and from 
the rim to the centre, by means of ploughs on 
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rotating arms, in coiint-er current to a stream of 
chlorine. The chamber is constructed of con¬ 
crete and independent cooling coils are embedded 
in the concrete floors. The product by this 
means can be kept at a temperature below 40'^C. 

Moore Tttbe. —The Moore rotary tube (B.P. 
113457, 1916, Moore and (kstncr-Kellner Alkali 
Co., Ltd.) is described as a rotating cylinder 
not much shorter than 80 ft. long, preferably 
with a suitable fall, and lined with tiles or other 
suitable material, through which lime travels 
counter-current to chlorine. Advantages 
claimed are the absence from the bleaching 
powder of products of corrosion of iron which 
cause instability, and reduced maintenance 
costs. 

Rndgc Tube .—The Rudge rotary tube (B.P. 
126773, 1918, Rudge and United Alkali (^o., 
Ltd.) is described as a rotatable cylinder, usually 
60 ft. long, carried horizontally on rollers and 
fitted with lifters which cause the lime to travel 
in counter current to chlorine gas. The cylinder 
is made of mild steel and can be cooled by an 
external water spray where required. Also a 
circulatory system is adopted for the chlorine 
gas with permissive external cooling {see also 
Nydegger, G.P. 370841, 1920). 

Stable Bleachino Powder. —The keeping 
properties (stability) of bleaching powder have 
been the object of study since 1874. In recent 
years more attention has been paid to this 
problem with the object of producing a stable 
product. 

In J.S.C.1.1918, 37, 31 IT, an article by Rettie, 
Lorrain Smith and Ritchie describes tests 
with bleaching powder to which quicklime had 
been added in order to reduce by its slaking 
the free water and water of crystallisation of 


bleaching powder. The product was of lower 
available chlorine content but was remarkable 
for its stability {see also J.S.C.I. 1921, 40, 240T; 
B.P. 242805. 1924, Lamble and United Alkali 
Co., Ltd. : B.P. 349358, 1930). 

In 1925 Conroy, Lamble, Latham and 
United Alkali Co., Ltd., devised a process for 
the production of dry and, therefore, stable 
bleaching powder (B.P. 246000). Further 
technical improvements in the production of dry 
bleaching powder are described in B.P. 317572, 
Moore, Lamble, and I.C.I., Ltd., 1928; and 

B. P. 344012, Carter and I.C.I., Ltd., 1929. 

Stable bleaching powder is particularly 

desired for use in tropical countries, which has 
resulteid in the product becoming known in the 
trade as “ Tropical ” bleach. A novel process by 

C. Wrughi and Paolini of Societa Elettrica ed 
F^lettrochirnica del C/affaro for the production of 
dry bleaching powder is described in B.P. 
31*7716, 1928; 362068, 1930; and 365019, 1931, 
according to which hydrated lime in suspension 
in carbon tetrachloride is chlorinated and the 
solvent removed by distillation, which removes 
the water at the same time. The product is 
known as “ Sichlor ” {see also Chem. Met. Eng. 
1932, 39, 140; B.P. 357933, I.G. Farben- 
fabriken). 

The effect of heating bleaching powder is 
discussed by Uitz (Z. Angew. Chem. 1901, 14, 
3, 25, 49, 105). 

The following table gives the composition 
calculated from analyses of various types of 
bleaching powder. Under the heading “ Heat 
Test,” are given the results of heating samples in 
test tubes to lOO'^O. for 2 hours, a convenient 
method of comparison of the stability of bleach¬ 
ing powders. 



Chlo 

Avail¬ 

able. 

fine. 

Total. 

CaOCIj 

CaCl2 

Ca(CI03)2 

Ca(OH)2 

CaCOg 

H^O 

Avail. 

CI2 

after 

heat 

Chamber bleach 

.39-58 

40-10 

70-79 

0-78 

0-15 

11-62 

2-30 

1,3-04 

14-94 

Hasonclevcr bleach 

36-20 

37-90 

64-80 

2-46 

0-34 

22-98 

,3-43 

4-99 

— 

Moore rotary bleach . 

36-85 

39-26 

65-93 

.3-36 

0-75 

21-66 

1-30 

5-95 

— 

Rudge rotary bleach . 

.35-75 

37-,30 

63-98 

2,30 

0-24 

22-80 

2-85 

6-43 

26-81 

Backman bleach . 

38-20 

38-90 

68-38 

1-09 

0-10 

16-58 

3-60 

9,56 

— 

Tropical bleach 

35-85 

39-36 

64-13 

5-08 

0-75 

26-53 

1-30 

1-16 

,32-75 

Caflfaro bleach 

37-50 

38-97 

67-11 

2-19 

0-20 

26-48 

1-00 

1-84 

33-00 


Bleaching Po^vder: Head of Formation .— 
Results expressed as cals, per kg. of available 
chlorine. 

O. Nydegger (Chem. Met. Eng. 1923, 30, 
1141), 265,000 cals. 

Neumann and Miiller (Z. angew. Chem. 1925, 
88 , 194), 247,000 cals. 

Neumann and Hauck (Z. Elektrochem. 1926, 
32, 27), 252,000 cals. 

The nature of the determination of these 
authorities was such that little or no water was 
evaporated, but no record of the free water 
content of the bleach was given. 

Bleach Liquor. —Bleach liquor is produced 
in chlorine works for delivery within a circum- 


[ scribed area. It is also made by solution of 
bleaching powder in water; the large amount of 
sludge remaining may, however, cause difficulty 
in disposal. The amount of sludge may be 
reduced by chlorination of the free lime, liquid 
chlorine being used for the purpose. As a further 
step, milk of lime may be directly chlorinated. 
Since 1918, when liquid chlorine has become 
generally available in Great Britain, these later 
processes tend more and more to be adopted, 
proving more economical. During the prepara¬ 
tion of bleach liquor decomposition occurs if the 
temperature exceeds 40°C. Evaporation of 
liquid chlorine is utilised for cooling by direct 
introduction of the liquid into milk of lime iu 
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cast-iron vessels. In order to obtain complete 
absorption of chlorine in milk of lime a peri¬ 
pheral speed of 500 ft. per min. for the agitation 
is desirable, and the depth of the chlorinator will 
depend on the quantity of gas to be absorbed in 
unit time. 

A convenient method for the preparation of 
bleach liquors on a small sciale (batches of 70 lb. 
chlorine) is by the use of the Golding-Pritchard 
chlorinator (B.P. 233490). The chlorine valve 
is automatically (Jontrolled by progress of the 
chlorination, which causes the rise or fall of a 
gas bell. 

In addition to the use of bleach liquor for 
bleaching cellulose, it is used for the removal of 
oxidisable sulphur bodies from the lighter 
fractions of mineral oil. 

Analysis of Bleach Liquors and Allied Products. 
—The best method for the determination of 
available chlorine is due to Penot. A suitable 
measured quantity of bleach licpior or other 
solution of hypochlorite is titrated with sodium 
arsenito solution in the presence of an excess of 
sodium bicarbonate, the end point being deter¬ 
mined by spotting, using starch iodide as an 
indicator. 

The alkalinity of hypochlorite solutions is most 
conveniently d(‘termined by titration of the 
solution with acid, using phcmolphthalein and 
methyl orange as indicators, subse(|uent to 
destruction of the hypochlorite by means of an 
excess of neutral hydrogen peroxide : 

Ca(OC!)2 f 2H202-CaCl2 F2H20 + 202 

An apparatus for the rapid determination of 
available chlorine in weak hypochlorite liquor is 
described by J. M. Taylor, ind. Chem. 1929, J, 
135. 

Calcium Hypochlorite,Ca(OCI)2.-0ry8tal- 
line calcium hypochlorite was first prepared by 
Kingzett (d.C.S. 1875, 28, 404; Chem. News, 
1875, 32, 22; 1882, 46, 120) by evaporation 
or freezing of bleaching ])owder solutions {see 
also Orton and Jones, J.C.8. 1909, 95, 751; 
Proc. Chem. Soc. 1909, 25, 74). It crystallises 
from water in minute needles with 3 rnols. of 
water of crystallisation (Crano, Trans. Electro- 
chem. Soc. 1926, 49, 65; O’Connor, J.C.8. 
1927, 2700). The solubility of calcium hypo¬ 
chlorite in water at 0°C. is 21-8%. With 
hydrated lime calcium hypochlorite forms 
basic hypochlorites, Ca(OCl2)-3Ca(OH)2 and 
Ca(OCI)2*2Ca(OH)2, which are less soluble 
than calcium hypochlorite. Bee O’Connor 
(/.c.), who studied the system 

Ca(OCI)2/Ca(OH)2. 

The available chlorine content of bleaching 
powder (35-37% commercial staiulard) com¬ 
pares very unfavourably with pure calcium 
hypochlorite (99-2%). 

Since 1906 the large number of patents 
and the very appreciable volume of work 
indicate the interest of the chemical industry in 
the production of pure calcium hypochlorite. 
The successful exploitation of this work is due 
chiefly to Chemische Fabrik Griesheini-Elektron, 
I G., who market a product known as “Per- 
chloron,” which contains approximately 75% 
available chlorine. Griesheim-Elektron, (G.P. 


188524, 1906, and B.P. 8476, 1907), describe 
the chlorination of milk of lime nearly to 
saturation and concentration of the filtrate in 
vac-uo. Crystals of calcium h vpochlorite hydrate 
8ej)arato out, are filtered, and then dried in 
vacuo (see also H.P. 17859, 1914, and G.P. 
282746, 1913). The product is said to tamtain 
80-90% available (^hlorinc and to be more stable 
than bleaching powder. 

Mathieson Alkali Works Inc. market a pro¬ 
duct H.T.H. (High Test Hypochlorite) which 
contains upward of 60% available chlorine 
(Gage, Chem. Mot. Eng. 1929, 36, 295). 

In B.P. 317233, 1928 (Mathieson Alkali Works 
Inc.), it is stated that calcium hypochlorite in 
pure form is relatively stable, but the presence 
of (‘alcium chloride in substantial amount makes 
it relatively unstable, owing to the hygroscopic 
properties of the salt. 

The low solubility of basic calcium hypo¬ 
chlorite may be used in the production of cal¬ 
cium hyj)ochlorite to remove calcium cliloride 
from the j)roduct at an intermediate stage; 

(1) 6Ca(OH)2+2Cl2 

- Ca(OCl)2 3Ca(OH)24 CaCl2+2H20 

(2) 2[Ca(OCI)2*3Ca(OH)2K6Cl2 

--5Ca(0CI)2+3CaCl2+6H20 

The preparation of basic calcium hypochlorite 
is described in G.P. 195896, 1907, and 373847, 
1921, B.P. 182927, 1921, and 188662, 1922, 
of Griesheim-Elektron; and its isolation by 
centrifuging is described in G.P. 451665, 1926, 
B.P. 276307, 1927, also of Griesheim-Elektron. 
A produ(‘t containing approximately 40% avail¬ 
able chlorine and 5-15% of water is obtained. 

Dry basic hypochlorite has been sold under 
the name of “ Basogrelit.” The chlorination of 
basic (jalcium hypochlorite in aqueous suspension 
yields calcium hypochlorite which separates out 
under suitable conditions in crystalline form 
(G.P. 195896, 1907; F.P. 370863, 1906; U.S.P. 
934467, 1906; and B.P. 24101, 1906). Urano 
and Imai (B.P. 266180, 1926) describe the pro¬ 
duction of basic calcium hypochlorite by the 
addition of the requisite quantity of lime to a 
clear solution of bleaching powder and concen¬ 
tration m vacuo. In B.P. 266181, 1926, the same 
inventors treated the basic salt obtained accord¬ 
ing to the previous patent with wuiter, filtered 
off the lime and obtained calcium hypochlorite 
by concientration in vacuo. The dried product 
contained 90-99% available chlorine. 

F. N. Kitchen and I.CM., Ltd. (B.P. 378847, 
1931), and F. T. Meehan, F. N. Kitchen, and 
I.C.I., Ltd. (B.P. 404627, 1932) describe cyclic 
procc8.ses for the production of normal calcium 
hypochlorite by separation of either monobasic 
calcium hypochlorite or dibasic calcium hypo¬ 
chlorite as an intermediate stage. The mother 
liquor is rejected. The separated basic (jalcium 
hypochlorite is subsequently chlorinated in the 
presence of additional w'ater to produce solid 
normal calcium hypochlorite. The mother 
liquor separated from the crystals of normal 
calcium hypochlorite is recirculated to the first 
stage in the process, where it is mixed with 
additional lime slurry. The dried product 
contains 75% or more available chlorine. 
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A series of patents by Mathieson Alkali 
Works Inc. describes the production of calcium 
hypochlorite by neutralisation of hypochlorous 
acid with milk of lime. Hypochlorous acid is 
produced by chlorination of a suspension of 
calcium carbonate. The aqueous solution is 
extracted with carbon tetrachloride (containing 
2% alcohol) or amyl alcohol (U.S.P. 1481039, 
1924; U.S.P. 1481040, 1924; U.S.P. 1632483, 
1927; B.P. 195366, 1923; B.P. 216450, 1923). 
The chlorine may be removed as a solid organic 
derivative such as acetochloroanilide, which 
reacts slowly with water to give hypochlorous 
acid (U.S.P. 1609328, 1926). 

Mathieson Alkali Works Inc. has a scries of 
patents for the jnoduction of calcium hypo¬ 
chlorite which are based on the addition of 
alkali either as caustic; soda or sodium hypo¬ 
chlorite to lime or chlorinated lime suspensions. 
In this way calcium chloride is replaced by 
sodium chloride, which results in easier removal 
and purification of the solid phase: 

2Ca(OH)2-| 2Cl2-Ca(0CI)2+CaCl2+2H20 
CaCl2-f2NaOH -Ca(OH) 2 1 2NaCI 
CaCl2+2NaOCI Ca(OCI) 2 -l 2NaCI 

The solid j)hase consists essentially of calcium 
hypochlorite hydrate and sodium chloride, and a 
product of high available chlorine content can be 
obtained, which is presumably dried in vacuo 
(G.P. 473924, 473925, 473975, 473976, 474080, 
474220, 477383; B.P. 314447, 321250, 321720, 
323205; 1927-1928). 

An analysis of the Mathieson product is : 



% 

Available chlorine . 

. 63-0 

CaClg .... 

. 0*5 

Free lime 

. 3-5 

Inert constituents . 

. 31-5 

Water .... 

. F5 


(Gage, Chem. Met. Kng. 1929, 36, 295). 

The production of a triple salt, 

Ca(0CI)2,Na0CI,NaCI,12H20, 

by the addition of sodium (diloride to a solution 
made by chlorination of lime is described in 
B.P. 317437, 319727, 320182, 1927, of Mathieson 
Alkali Works Inc. 

The use of caustic soda to displace some of the 
lime used in the process of manufacture of 
calcium hypochlorite would appear to result in 
an increased cost of manufacture. 

The obvious difficulties in the manufacture of 
xjalcium hypochlorite are: 

(1) The chlorination of a cream of lime. A 
cream of lime which is fairly fluid becomes 
thicker as the formation of basic cah’ium hypo¬ 
chlorite takes place until it has the consistency 
of porridge. Further chlorination to calcium 
hypochlorite causes an increase in fluidity. 
Great care is essential if decomposition of 
hypochlorite to chlorate is to be avoided. 

(2) Calcium hypochlorite hydrate in the form 
of fine needles must be freed from a fairly 
concentrated solution of calcium chloride if a 
high-test final product is to be obtained. The 
operation presents considerable difficulty, 

(3) The materials of construction of the plant 


must be selected to prevent the prodind becom¬ 
ing contaminated with catalytic bodies which 
would cause decomposition, e.g. salts of iron, 
nickel, etc. 

(4) Drying of the filter cake must be carried 
out at low temperature, otherwise decomposition 
similar to that of bleaching powder on heating 
will take place (Ditz, Z. angew. Chem. 1901, 
14, 3, 25, 49, 105). 

“ Maxoclor,” a calcium hypochlorite product 
containing 75% or more of available chlorine, is 
manufactured in England by Imperial Chemical 
Industries, Ltd. “ Perchloron ” is manufactureil 
in U.S.A. by Pennsylvania Salt Co. at Wvandotte 
(Chem.-Ztg., Oct. 1931, 780). 

Manufacture of calcium hypochlorite is carried 
out in Japan by Kojimachi-Kii ('o. (World 
Trade Notes on Chemicals, Feb. 1931, p. 2). 

Potassium Hypochlorite Solution 
(Chloride of Potash or Eau de Javellc).—This 
liquor was first made in 1789 at the Javel 
Works near Paris, and was the first bleaching 
compound known. It was then made by passing 
chloriiK^ into a solution of potashes (crude 
potassium carbonate) in eight parts of 
wat(;r. It is no longer used, having been 
replaced by the cheaper sodium and (calcium 
hypochlorites. 

Sodium Hypochlorite Solution (Ea,u dc 
Labarraque, usually called Eau de Javelle).— 
As originally prepared, by passing dilorine into 
a solution of sodium carbonate until the liquid 
began to effervesce, sodium hypochlorite 
solution was very unstable. This high instability 
was caused by the presence of substantial 
amounts of hypochlorous acid, which is a weaker 
acid than carbonic acid. 

Hypo(‘hlorite of soda solution is now prepared 
by one of the three following pnxjesses : 

1. By double decomposition of calcium 
hypochlorite and sodium carbonate or sulphate 
with precipitation of the calcium as carbonate 
or sulphate: 

Ca( 0 CI) 2 +CaCl 2 f 2 Na 2 C 03 

- 2 CaC 03 F 2 Na 0 CI+ 2 NaCl 

The calcium hypochlorite may be ixs bleaching 
powder or as one of the modern “ high-strength ” 
calcium hypochlorites. This method is usually 
adopted for bleaching purposes in smaller 
factories. 

2. By passing chlorine into a solution of 
caustic soda until nearly all the soda is chlorin¬ 
ated : 

Cl2f2NaOH = NaOCI+NaClf HjO 

Substantial amounts of this solution are made 
at electrolytic alkali works, and sold at strengths 
of 10-15% available chlorine. 8odium hypo¬ 
chlorite may, however, be conveniently prepared 
in situ from sodium hydroxide solution and 
liquid chlorine. 

It has been found necessary to leave a small 
amount of free sodium hydroxide, say 0-3%, 
in order to make the solution stable. 

3. By electrolysis of brine solution. Under 
Production of Chlorine, electrolytic cells devised 
to liberate chlorine from common salt solution 
have been discussed. In the case of the prepara¬ 
tion of sodium hypochlorite there is no necessity 
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when the electrolysis starts to keep the main 
products, chlorine and caustic; soda, apart ; 
indeed, they must bo brought together. This 
contravenes the generalisation that the pro¬ 
ducts of electrolysis must be kept separate in 
the cell and, consequently, a sodium hypo¬ 
chlorite cell compares very unfavourably with 
the chlorine cell with subsequent recombination 
of chlorine and caustic soda outside the cell. 

As in chlorine cells (excluding those with 
mercury cathodes) the primary products of the 
olectrol 3 ^sis are hydrogen and caustic soda at 
the cathode, and chlorine at the anode. With the 
mixing of catholyte and anolyte, sodium hypo¬ 
chlorite is formed: 

c\^ \ 20H'-cr+ocr+HjjO 

or Cl24 2 NaOH - NaCI f NaOCl+HgO. 

Since sodium chloride is reformed, the net 
reaction 

NaClq H2O- NaOCM Hg 

is the result of the j)assage of two faradays. 
A number of side reactions are important. Since, 
in spite of mixing, there will be an excess of 
chloriiH^ near the anode, sodium chlorate will be 
formed chemically : 

2HCIO f CI0'=CI03'+2Cr+2H-; 

but, at ordinary' working temperatures, this 
reaction is slow and unimportant, Eh'ctrolytic 
reactions are more important. At the cathode, 
hypochlorite is reduced by the nascent hydro- 
gen: 

CIO'+2H - crq HgO 

The effects of this reaction may be lessened 
by the addition of potassium chromate, a vana¬ 
dium salt, sodium resinatc, or Turkey red oil 
in presence of' calcium salts. These* agents 
a})pear to yield a thin porous diaphragm round 
the cathode and so prevent the bulk of the 
solution from I'oming into contact with the active 
hydrogen. 

If the hypochlorite ion concentration in the 
anode layer becomes appreeaable hypodilorite 
ions will be released. According to Foerster! 
and Midler (Z. Elektrochern. 1902, 8 , 665), the 
net reaction is : I 

eclO'H 3H2O 

.--6H+2CI03'-f4Cr-f1i02-h6c 

This reaction ftnits the hypochlorite con¬ 
centration attainable, although loss may bo 
minimised, at the expense of the lesser evil of 
chemicial formation of (ddorate, by not mixing 
efficiently in the immediate neighbourhood of 
the anode. Moreover, since the ratio of chloride 
to hypochlorite must bo kept high, a large 
consumption of salt is necessary. 

AUmand and Ellingham (“ Applied Electro- 
Chemistry,” London, 1924, p. 375) summarise 
the most favourable conditions for the electro¬ 
chemical production of hypochlorite solutions 
as: 

(1) An electrode arrangement which will 
permit of an undisturbed diffusion layer being 
formed at the anode. 

(2) A neutral electrolyte. 

VoL. II1.~~6 


(3) Strong NaCI solution, both to lower the 
resistance and to permit the production of 
stronger h 3 q)ochlorito solutions. 

(4) Low temperature. 

(5) High anodic current density. 

(6) Presence of potassium chromate. 

(7) Use of platinised platinum electrodes. 

In spite of the v(*ry formidable difficulties, 
several technical cells have been developed for 
use in districts where sodium hypochlorite or 
liquid chlorine is not readily available. 

Kelbicr Cell: Vertical Type, (Fig. 24).—This 
cell, now obsolete, consisted of a stoneware 
vessel divided into a number of small compart¬ 
ments by glass plates fitting into small grooves 
in its sides. The glass plates were wound with 
platinum-iridium wire, which formed bipolar 
electrodes. 4416 electrolyte was circulated 
rapidly through the cell and a cooling coil. 



Fio. 24. 


The Haas-Oetiel Cell consists of a rectangular 
box divided into small eomj)artments by a 
series of vertical bipolar graj)hite electrodes set 
in grooves. The electrolyser stands in a tank 
of brine and circulation is effected automatically 
by the gas evolution. 

The Schuckert Cell is a large stoneware 
trough divided into 8 to 10 compartments by 
means of vcrtic;al glass plates. The bipolar 
electrodes may be all carbon or half may be 
carbon and the other half platinum-iridium foil. 
Circulation is by means of the hydrogen evolved 
and is through all compartments in scries, thus 
differing from the Kellner vertical and Haas- 
Oettel cells, where several passages through one 
compartment are obtained. 8ome types of 
Schuckert cell are provided with alternate 
cooling compartments. 

Kellner Cell : Horizontal Type (G.P. 165486, 
1902).—This cell consists of a long concrete 
trough divided into compartments by vertical 
plates of glass. The compartments are arranged 
as a cascade and the horizontal electrodes of 
platinum-iridium are bipolar, acting as cathode 
in one compartment and as anode in the next. 
The electrodes pass beneath the glass divisions 
and the cathode is above the anode. The 
electrolyte flows by gravity through all ‘ the 
compartments in series (Fig. 25). 
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Comparison of Cells ,—The following table is 
based on figures given by AUmand and Elling- 


ham {op. cit.)- 




Grams avail. 

kw. hrs. 

Tons of salt 


CI 2 per 

per ton of 

per ton of 

Type. 

litre. 

avail. CIg. 

avail. Clj. 

Kellner (vertical) 

12 

6,600 

12-5 

Haas-Oettel . 

. 12-3 

6,500 

14 

8chuckert . 

, 20 

6,100 

7-5 

Kellner (horizontal) 25 

6,100 

6 


It will be seen that normally these cells cannot 
compete with sodium hypochlorite or liquid 
chlorine produced by an alkali works. 

For further details, see AUmand and Elling- 
ham {op. cit.) ; or the article “ Hypochlorite 
und elektrische Bleiche,” by Billiter and 
Fuchs, in Vol. 2, part 2, of Engelhardt’s “ Hand- 
buch der tecdiruKchen Eloktrochemie ” ; Kurt 
Arndt, “ Technische Elektrochemie.” 

Uses of Sodium, Hypochlorite Solutions .— 
The chief use of sodium hypochlorite solution 



Fig. 25. 


is the bleaching of high quality fabrics made 
from vegetable fibres. It is also used in 
laundries. Sodium hypochlorite solution 
possesses strong germicidal powers and is used 
very extensively as a disinfectant. It is also used 
in the production of unshrinkable woollen goods. 

Chlorates.—The chlorination of hot alkali 
solutions gives a mixture of chloride and 
chlorate in the molecular ratio of 6 to 1, accord¬ 
ing to the equation: 

eKOH+SCIa-SKCl+KClOa-faHjO 

This contrasts with the reaction in the cold 
to give hypochlorite: 

2K0H+CI2-KCI0H-KCI+H20; 

but heating the hypochlorite solution after 
neutralisation of the residual alkalinity causes 
decomposition to chlorate. Empirically the 
reaction may be written 

3 KCI 0 -KCI 08 -f 2 KCI, 


but the actual mechanism is possibly very 
complex. 

Manufacture of Chlorates. —1. Chemical 
Methods. —Originally potassium chlorate was 
manufactured by chlorination of potassium 
hydroxide solution, but this process was 
abandoned owing to the conversion of over 
five-sixths of the expensive potassium into 
relatively useless potassium chloride. A 
suggestion of Liebig led to the adoption of a 
process depending on the chlorination of milk 
of lime to calcium chlorate and calcium chloride, 

6Ca(OH)2+6Cl2 

= 3Ca(0CI)2+3CaCl2+6H20, 

3Ca(0CI)2-Ca(CI08)2+2CaCl2, 

followed by double decomposition of the 
calcium chlorate with potassium chloride to 
give potassium chlorate: 

Ca(C 103 ) 2 + 2 KCUCaCl 2 + 2 KCI 03 

Since calcium chlorate, calcium chloride, and 
potassium chloride are all very soluble in 
water, and potassium chlorate is only sparingly 
soluble, the reaction could be carried out with 
little loss of potassium chloride. 

The first stage, the preparation of calcium 
hypochlorite solution, was carried out in 
cast-iron vessels. The temperature was kept 
below 35°C. to decrease the decomposition of the 
hypochlorite to chloride and oxygen, 

Ca(OCI)2-=CaCl24 O2, 

a reaction catalysed by iron salts. 

When all the lime was neutralised spon¬ 
taneous decomposition to chlorate took place 
with considerable rise in temperature. The 
crude solution of calcium chlorate and calcium 
chloride was concentrated and settled or filtered. 
After addition of a slight excess of potassium 
chloride solution, the solution was once more 
concentrated, settled, and the clear solution 
cooled. The crude potassium chlorate was 
purified by recrystallisation. 

Two important variations of this process 
were worked out. In the P^chiney process the 
original solution of calcium chlorate and calcium 
chloride was concentrated until a considerable 
amount of the calcium chloride had crystallised 
out (probably as CaCl2,6H20). In this way 
the amount of calcium chloride remaining in 
solution could be reduced to a molecular ratio 
CaCl2 : Ca (0103)2 of 1*2 : 1. There was,'there¬ 
fore, a greatly decreased bulk of calcium chloride 
solution with consequent decreased losses of 
potassium salts in the mother liquors. 

In the Muspratt process magnesia was used 
instead of lime. The molecular ratio of chloride 
to chlorate was only about 5*1 : 1, as against 
6*3:1 for the lime process. The liquor was 
evaporated and magnesium chloride hexa> 
hydrate crystallised out until the molecular 
ratio of chloride to chlorate in the solution fell 
to 2-8:1. After double decomposition of the 
magnesium chlorate with potassium chloride 
and crystallisation of the potassium chlorate, 
magnesium chloride was recovered from the 
mother liquors. This process had two serious 
disadvantages: 











CHLORINE. 


67 


(1) The magnesium chloride could not be sold 
profitably. 

(2) Magnesium chloride solutions are very 
corrosive. 

Sodium Chlorate.—Owing to the great solu¬ 
bility of sodium chlorate, manufacture by 
chemical methods presented considerable 
difficulties. 

Pichiney Process. —The chlorate-rich solution 
obtained in the Pichiney process for potassium 
chlorate was treated with solutions of sodium 
sulphate, precipitating all the calcium as 
calcium sulphate. The solution of sodium 
chloride and sodium chlorate was concentrated 
by evaporation with separation of most of the 
sodium chloride. The solubility of sodium 
chlorate increases rapidly with increasing 
temperature, but the solubility of sodium 
chloride increases little. Cooling of the chlorate- 
rich solution, therefore, yielded sodium chlorate 
containing relatively little sodium chloride. 

Muspratt Process {see above). —The liquors, 
containing magnesium chlorate and reduced 
amounts of magnesium chloride, obtained as in 
the process for potassium chlorate, wore treated 
with sodium carbonate to precipitate all the 
magnesium as basic magnesium carbonate, 
which was used to prepare magnesia for the 
initial chlorination. The solution of sodium 
chloride and sodium chlorate was worked up as 
in the Pcchiney process. 

The chemical methods for the manufacture 
of chlorates have been superseded by the 
electrochemical methods. 

2. Electjiochemk^al Methods. — Under 
sodium hypochlorite {q.v.) it has been shown 
that chlorate may be formed electrochomically 
by the reaction: 

ecio'-fSHgO 

=:6H -f2CI03'+4Cr-f1i02f6c (i) 
or chemically by the reaction : 

2HCI0-fCI0'=CI03'+2Cr+2H* (ii) 

These two reactions are the basic reactions in 
the two types of cell which have been developed 
for the production of chlorates. 

(i) Electrolysis of Alkaline Alkali Chloride 
Solutions. —Consideration of the reaction (i) 
above with the necessary previous reactions, 

12Cr=6Cl2+12e. 

6Cl2+60H'-6CI0'+6Cr+6H*, 

shows that, since hypochlorite is both formed 
and decomposed by electrochemical reactions, 
the formation of 6 gram-ions of chlorate is the 
result of the passage of eighteen faradays, of 
which twelve are used to produce active oxygen 
in the form of chlorate and six yield gaseous 
oxygen. The maximum current elficiency is, 
therefore, 66*7%. Moreover, since hypochlorous 
acid is an extremely w eak acid and a maximum 
concentration of hypochlorite ions at the anode 
is desirable, the alkali chloride solution must be 
alkaline. If the alkalinity is excessive, trouble 
is experienced owing to the direct discharge of 
hydroxyl ions at the anode. 

Gall and de Montlaur (B.P. 4686, 1887) 
described a process for the production of 
alkali chlorates. A stoneware trough was 


divided by a porous asbestos diaphragm. The 
cathodes were made of iron, or preferably 
nickel; the anodes were of platinum-iridium 
foil. The current density was 50 amps, per 
square decimeter, and the voltage 4-5 to 5-0. 

Although, according to Billiter (“Techn. 
Elektrochemie,” II, 358), the current t'fficioncy 
was only of the order of 25%, this process had 
considerable commercial success owing to its 
simplicity and the availability of very cheap 
power. 

Ilurter (B.P. 15396, 1893) also described a 
cell for the production of potassium chlorate 
by the electrolysis of alkaline potassium chloride 
solutions. 

Those processes have now been completely 
superseded by processes involving the 
electrolysis of acidic alkali chloride solutions. 

(ii) Electrolysis of Acidic Alkali Chloride 
Solutions. —The basic reaction of the production 
of chlorates by the electrolysis of acid solutions 
of alkali chlorides is shown by equation (ii) above. 

This reaction proceeds extremely slowly in 
alkaline solution owing to the neutralisation of 
the hypochlorous acid. Hypochlorous acid, is, 
however, a very w^eak acid, and the formation of 
chlorate may bo considerably accelerated by 
making the solution weakly acidic. Moreover, 
the temperature coefficient of the velocity of 
reaction is high, so that increase in temperature 
causes a very great increase in the rate of forma¬ 
tion of chlorate. Since formation of chlorate by 
the discharge of hypochlorite ions is disadvan¬ 
tageous (wasting energy), it is desirable to have a 
large volume of electrolyte compared with 
electrode area or total current, as the chemical 
formation of chlorate proceeds throughout the 
electrolyte, and is not restricted to the neigh¬ 
bourhood of the electrodes. Cathodic reduction 
is best avoided by the addition of a small amount 
of potassium chromate. 

Originally platinum or platinum alloys were 
extensively used as anodes. Graphite is 
rapidly attacked at the high temperatures 
(80'’-90°C.) originally employed, but the very 
great fluctuations in the price of platinum have 
led to the use of graphite at relatively low 
temperatures (40°C.). 

1. Barker Cell. —In the cell developed by 
J. T. Barker for the United Alkali (5o., the 
container is a narrow iron trough, the lower 
part being covered with cement. The cathode 
consists of the exposed part of the iron trough 
and a central iron cooling coil. The anodes are 
vertical, cylindrical graphite rods. To decrease 
oxidation of the anodes, the graphite is impreg¬ 
nated with paraffin wax or other inert organic 
material. The cell top is a plate of an asbestos 
composition and the anodes are supported by 
ebonite rods passing through the tops of the 
graphite and resting across the top of the trough. 

A 1,500-amp. cell is about 8 ft. long, 4 ft. 
deep, and 8 in. wide. The working temperature 
is about 40'’C (Fig. 26). 

2. Aussiger Verein Cell. —In this cell special 
attention has been paid to the use of a large 
volume of electrolyte for a given electrode area, 
so that the chemical production of chlorate may 
be accelerated while electrolytic discharge of 
hypochlorite ions is hindered. Only the lowest 
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quarter of the concrete trough is occupied by the at the top of the electrode than at the bottom, 
electrodes whicli consist of alternate graphite This gives more even wear and longer life of the 

slab anodes and iron strip cathodes. All the anodes. 

anodes arc connected to a graphite block, from The cell container is either iron or lead- 
whieh a graphite rod rises to above the electro- covered iron. The temperature is maintained 
lyte. The cathode (;onneclion is an iron bar at 40°-r>0°C. by circulation of the electrolyte, 
passing through the sith^ of the cell to which the Safety Precautions in the Manufacture and 
individual cathodes are fastened. Use of Chlorates .—Owing to the very high 

3. Angel Cell .—In this cell also the volume of proportion of available oxygen, chlorates are 
electrolyte is large, but the electrodes arc dangerous in contact with combustible materials, 
suspended at the top of the cell with the space In Great Britain special washed clothing must 
for the chemical reaction at the bottom. Graphite be provided for every worker engaged in 
anodes and iron cathodes are used, and a special crystallising or grinding chlorates. The use of 

feature of the cell is the setting of the cathodes wooden vessels for crystallising potassium 

relevant to the anodes. If the electrodes are chlorate has in the past led to disastrous fires 
set parallel, their n'sistaiuio causes most of the and explosions. 

current to pass between the tops of the elec- U.ses of (Jhlorates .—Chlorates have been used 
trodes, with consequent rapid destruction of the in the manufacture of matches and explosives 
tops of the graphites anodes. In the Angel cell, and in the development of dyes. A recently 
therefore, the iron cathodes are st^t at an angle developed use is that of sodium chlorate as a 
so that the distance from the anode is greater relatively non-toxic weed-killer, but a dis- 



Fig. 26. 


advantage is the risk of fire when wood or other 
combustible material is left in contact with tho.se 
substances. 

Perchlorates. — Although potassium and 
ammonium perchlorates are technically more 
important than the hygroscopic sodium per¬ 
chlorate, sodium chlorate is the usual raw 
material since its great solubility is advantageous 
for the electrolytic preparation of sodium per¬ 
chlorate. Although the empirical sum of the 
cell reactions may be written 

NaCIOg-f H 20 -NaCI 04 +H 2 , 

the actual mechanism of the reactions is very 
complex, chlorites being probably formed as an 
intermediate, while chlorides are inevitable by¬ 
products of the reactions. The mechanism of 
this formation has been represented as the 
result of: 

(i) cathodic reduction of chlorate, 

(ii) chemical decomposition of chlorate, 

4NaCI03-3NaCI04+NaCI, 

(iii) the reactions 

2 HCI 02 -HCI 03 -hHCI 0 
3HCIO -HC103-1-2HC1 

The second of these possibilities is probably 
quite unimportant. 


As electrolyte a concentrated solution (60- 
70%) of sodium chlorate is used. The cathodes 
are iron and the anodes smooth platinum. A 
very high anode potential is essential and, 
therefore, graphite and magnetite arc unsuitable. 
Normal (iathode current densities of 10-20 amps, 
per square decimetre are used, but the anode 
current densities are extremely high, ranging 
from 30 to 70 amps, per square decimetre. 
Originally low temperatures w^ere used, but 
modern practi(5e allows temperatures as high as 

60"C. 

The discharge of perchlorate ions, with con- 
.sequent release of oxygen and drop in (uirrcnt 
efficiency, is not serious until very high per¬ 
chlorate-chlorate ion ratios are reached. This 
fact is important, since potassium perchlorate 
and potassium chlorate form mixed crystals, and 
a very high sodium perchlorate-sodium chlorate 
ratio must, therefore, be obtained in the electro¬ 
lytic cell. 

In practice, current efficiencies are about 80- 
90%. 

Perchlorates are used extensively in some 
types of explosives. In recent years perchloric 
acid has been used as an important analytical 
reagent (v. Chemical Analysis, Vol. II, p. 584d), 
and magnesium perchlorate) anhydrone) as a 
drying agent in a-nalysis. 
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Hydrochloric Acid.—Commercial hydro¬ 
chloric acid is a more or leas pure solution of 
hydrogen chloride, HCl, in water. 

Hydrogen Chloride is a colourless gas, of 
sp.gr. 1*2596 (air-- 1) and molecular weight 
36*464. Its ni.p. is -111*4T^. and h.p. ~85*(CC.. 
and its critical constants are: temperature, 
51 *5'C.; pressure, 81*6 atmospheres; density, 
0*424. V^apour pressures greater than one 
atmosj)here ar(‘ given by the formula 

1055 

logjo p 7*09- - ^ - -0 0105T+0-000014T2 

w here T is the absolute temperature'. 

The heat of formatie)n of a gram-rnolee'ulc of 
hydrogen chloride is 22,000 cals. 

H^alrogen chloride' is very soluble in water, 
the He)lutie)n being commonly known as hyelro- 
chloric acid, muriatie' ae'iel, or sfurits of salt. 

The' following tables are abstracted from 
“International (Titical Table's,” to which refer- 
ene'C Hhe)uld be; maeic for more detaileal stateme'iits 
of physical })roj)eTties. 




J)('nsity I 


o°C. 

lO'U. 

1 

1 *0052 

1*0048 

o 

1*0106 

1*0100 

4 

1*0213 

1*0202 

6 

1*0319 

1*0303 

8 

1*0423 

1*0403 

10 

1 *0528 

1*0504 

12 

1*0634 

1*0607 

14 

1*0741 

1*0711 

16 

1*0849 

1-0815 

18 

1*0958 

1-0920 

20 

1*1067 

1-1025 

22 

1*1177 

1*1131 

24 

1*1287 

1*1238 

26 

1*1396 

1-1344 

28 

1*1505 

1-1449 

30 

M613 

M553 

32 



34 



36 



38 



40 




i»e‘r millilitre') at 


20"C. 


K)()"C. 

1*0032 

0*9929 

0-9636 

1*0082 

0*9977 

0*9688 

1*0181 

1*0073 

0*9791 

1*0279 

1*0168 

0*9892 

1*0376 

1*0262 

0-9992 

1-0474 

1-0357 

1*0090 

1*0574 

1*0453 

1-0188 

1*0675 

1-0549 

1-0286 

1-0776 

1-0646 

1-0383 

1-0878 

1-0743 

1-0479 

1-0980 

1-0840 

1-0574 

1*1083 

1-0937 

1-0668 

M187 

1-1033 

1-0761 

M290 

M129 

1-0853 

1*1392 

1-1224 

1-0942 

1-1493 

1*1318 

1-1030 

1*1593 



1*1691 



1*1789 



1*1885 1 



1*19801 




For density determinations by hydrometers, 
see B.S.S. 718, 1936. 


Vapour Pressures of Hydrogen Chloride 
Soi.UTIONS AT 25'’C. 


Weight percent- 

Ipartial ])res,sure ofjrartial pressure of 

age of HCl. 

water in iiiin. Hg. 

HCl in mm. Hg. 

6 

21*8 

0*00131 

10 

200 

0*0067 

14 

18*0 

0*0316 

18 

15*4 

0*148 

20 

14*1 

0*32 

22 

12*6 

0*68 

24 

11*4 

1*49 

26 

9*95 

3*20 

28 

8*75 

7*05 

30 

7*52 

15*1 

32 

6*37 

32*5 

34 

5*35 

68*5 

36 

4*41 

142 

38 

3*60 

277 

40 

2*88 

515 


The behaviour of acpieous solutions of HCl 
uneler varying conditions of te'mpcraturc anel 
pressure has been stuelieel by Koscoe anel 
Dittmar (J.C.S. i860, 12, 128). The^y found 
that conerentrateul hyelroehloric aciei on he'ating 
loses both gas anel water, but as the proportion 
e)f HCl to HgO is higher in the vapour than 
in the original liepnel, the rcsielual liquiel 
graelually bece)mes weaker, until a sp.gr. 
of 1*101 anel a pe'rcentage of 20-24 HCl are 
attaine'el at a ))oiling tem])crature of 110'’; 
the acid in this state elistils without e'hange, 
j)re»vieleei the atmospherie- j)reHsure is 760 mm. 
At a low'cr })r(*ssiire the aciei distilling une*haiigeel 
is stronger, at a higher jwessure it is we-ake'r. A 
similar, but not ielentical, limit is attained wlien 
strong ae'id is exjK)Keel to the air at ordinary 
temperatures. 

The table (p. 70(;) from Lunge and Hurter, 
“Alkali-Maker’s Pocket Book,” 1884, gives the 
percentages of HCl in aepjce)iis hydrochloric 
acid of various s})ecitic gravities anel at a 
temperature of 15'\ 

Lunge and Hurter’s “Alkali-Maker’s Hanel- 
boe)k ” 1891 givers somewhat lowe*r figures. The 
table in the right-hand column of p. 70 gives 
corrections of the hydrometer rciadings for 
varying temperatures. 

The Manufacture of Hydrochloric Acid .— 
The Leblanc soda process, which had been 
gradually diminishing in importance since 1902 
in Great Britain, ceased to be oj)erated in 1920, 
although considerable quantities of saltcake are 
still manufaetured for the sulphate pulp, glass 
making, and sodium sulyjhide processes (see 
” Merseyside,” 8.C.I., Liverpool, 1924). This 
decline of the Leblanc process provided a 
growing output for hydrochloric acid produced 
from electrolytic chlorine and hydrogen. 
There was a ra]>id increase in the manufacture 
of hydrochloric acid produced by combustion 
of chlorine in hydrogen w hich had been already 
commenced by Castncr-Kellner Alkali Co., 
Ltd., in 1912. This combustion on the principle 
of the Bunsen burner may be carried out in open 
or closed burners with an excess of hydrogen. 
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Beg, 

Twad- 

dell. 

Spec. 

gravity. 

Per¬ 
centage 
of HCI 

Grams 

HCI 

per litre. 

1 cubic 
foot 
weigiis 
lb. 

1 cubic 
foot con¬ 
tains lb. 
of HCI. 

1 

1005 

M2 

11*32 

62*66 

0-70 

2 

1010 

2*12 

21*45 

62-97 

1*34 

3 

1015 

3*12 

31*67 

63*29 

1*97 

4 

1020 

4*11 

41*99 

63-60 

2*61 

5 

1*025 

5*11 

52*41 

63*91 

3*26 

6 

1*030 

6*11 

62*93 

64*22 

3*92 

7 

1*035 

7*10 

73*55 

64-53 

4*58 

8 

1*040 

8*10 

84*27 

64-84 

5-25 

9 

1*045 

9*10 

95*09 

65*16 

5*93 

10 

1*050 

10-09 

106*01 

65*47 

6*61 

11 

1*055 

11*09 

117*02 

65*48 

7*31 

12 

1*060 

12*09 

128*14 

66*09 

8*00 

13 

1*065 

13*08 

139*36 

66-40 

8*69 

14 

1*070 

14*08 

150*68^ 

66*71 

9*40 

15 

1*075 

15*08 

162*10! 

67*03 

10*11 

16 

1*080 

16*07 

173*62 

67-34 

10*83 

17 

1*085 

17*07 

185*24 

67-66 

11*55 

18 

1*090 

18*07 

196*96 

67*96 

12*28 

19 

1*095 

19*07 

208*78 

68*27 

13*02 

20 

1*100 

20*06 

220*70 

68*59 

13*76 

21 

1*105 

21*06 

232*68 

68*90 

14*51 

22 

MIO 

22*06 

244*80 

69*21 

15*27 

23 

M15 

23*05 

257*02 

69*52 

16*04 

24 

M20 

24*05 

269*34 

69*83 

16*79 

25 

1*125 

25*05 

281*76 

70*14 

17*57 

26 

M30 

26*04 

294*28 

70*46 

18*35 

27 

M35 

27*04 

306*90 

70*77 

19*14 

28 

M40 

28*04 

319*62 

71*08 

19*93 

29 

1*145 

29*03 

332*44 

71*39 

20*73 

30 

1*150 

30*03 

345*36 

71*70 

21-54 

31 

1*155 

31*03 

358*34 

72*02 

22*35 

32 

M60 

32*02 

371*44 

72-33 

23-16 

33 

M65 

33*02 

384*64 

72*64 

23*99 

34 

M70 

34*02 

397*94 

72*95 

24*82 

35 

M75 

35*01 

411*34 

73*26 

25*65 

36 

M80 

36*01 

424*84 

73*57 

26*49 

37 

M85 

37*01 

438*44 

73*89 

27*34 

38 

1-190 

38*01 

452*14 

74*20 

28*20 

39 

M95 

39*00 

466*00 

74*51 

29*06 

40 

1*200 

40*00 

479*84 

74*82 

30-00 


In the open burner excess hydrogen is burnt by 
admission of air above the chlorine llame, 
resulting in an absorption system free from 
the danger of explosion. In the closed burner 
excess hydrogen carries the hydrochloric acid 
gas to the adsorption system. Great care is 
necessary in this case to avoid explosions. Solu¬ 
tions of hydrochloric acid made from gas thus 
prepared may with care be produced of analytical 
reagent quality. 

In former days small quantities of acid were 
produced by decomposing common salt with 
sulphuric acid in cast-iron cylinders, and in 
order to utilise completely the relatively expen¬ 
sive sulphuric acid an excess of common salt was 
used. The solid product left in the cylinder 
consisted of sodium sulphate mixed with 20-30% 
NaCI and was commercially known as 
cylinder cake. This method of production of 
hydrochloric acid has, however, practically 
ceased. 

Some time after the establishment of the 
Leblanc soda process in this country all the 


hydrochloric acid of commerce was obtained as 
a by*^product of that process, which at first 
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produced hydrochloric acid gas in great excess 
of that which could be sold as hydrochloric acid 
liquor. The difficulty of the situation was 
aggravated by new sources of hydrochloric acid 
which arose when acetic acid began to be 
chlorinated in great quantities by the Badischo 
Anilin und Soda Fabrik for the manufacture of 
monochloracetic acid and artificial indigo, and 
one organic compound after another came to be 
chlorinated. Lastly, since the output of chlorine 
from the electrolysis of the chlorides of potassium 
and sodium was not sufficiently readily taken 
up, processes converting electrolytic chlorine I 
and hydrogen into hydrochloric acid are now 
operated on a very large scale. 

HydrocMoric Acid obtained in manufacturing 
Sodium Sulphaie {Salt Cake ).—When Leblanc 
decomposed salt in order to obtain sodium 
sulphate he proposed to convert the hydro¬ 
chloric acid gas evolved into ammonium 
chloride ; but when the Leblanc soda process 
was introduced into this country that part of 
his suggestions was not carried out, and the 
acid gas was regarded as possessing no value, 
and it was allowed to escape into the air. This 
continued to be the case even after that manu¬ 
facture had attained a comparatively large 
extension, but the damage caused to the neigh¬ 
bourhood by the acid gases soon brought about 
the intervention of local authorities and courts 
of law, and jnanufacturers had to pay com¬ 
pensation for the damages they had done. 
Repeated penahies compelled the alkali manu¬ 
facturers to seek moans for (londonsing the acid 
gas. This was first successfully done in 1836 by 
Gossage's coke towers, but for many years after 
this there was still considerable damage done 
by escaping acid gas. The continued disregard 
by the old alkali manufacturers for the rights of 
their neighbours led in Belgium, in 1856, to a 
Parliamentary Commission, and in this country 
in 1863 to Lord Derby’s Alkali A(d, and the 
several subsequent Acts, by means of which 
British alkali makers were compelled to adopt 
efficient means for condensing their hydro- 
chloric acid, and similar legislation has been to 
the benefit of other manufacturing countries. 

The “ Annual Report on Alkali, etc., Works ” 
made by the inspectors under the Alkali Acts 
forms an invaluable record of all the various stops 
taken for improving the condensation of hydro¬ 
chloric acid, and have helped to spread a better 
knowledge of that process and have caused 
manufacturers to improve it up to the highest 
standard of efficiency. 

The Alkali Act of 1863 made it incumbent 
on manufacturers of salt-cake to allow no morr^ 
than 5% of the hydrochloric acid to escape 
into the atmosphere. An additional Act of 
1874 prescribed that no more than 0-2 grain of 
HCl might be present in a cubic foot of the gas 
escaping from the factory into the air. This 
corresponds to 0’464 g. HCl per cubic metre, 
or about three ten-thousandths by volume. 
The latter clause applies also to the chimney 
gases and not merely to the gases escaping 
directly from the condensing apparatus. 
Although these requirements were at first 
declared by many to be impossible of fulfil¬ 
ment, the actual results proved at once that 


they were quite possible, and the escapes regis¬ 
tered by the Alkali Inspectors have averaged 
far below the limits assigned by the Acts. 
In 1885 only 2-13% of the total hydrochloric 
acid was allowed to escape, and the chimney 
and other gases escaping into the air contained 
only 0-10 grain HCl per cubic foot. No 
change has been made in the limit fixed in 1874, 
and the working of that Act remains satisfactory. 
Compare the survey of these Acts by the 
Chief Inspector under these Acts in J.S.C.I. 
1892, 11, 120. 

I Although the various processes and apparatus 
used for the manufacture of sulphate of soda 
produce gases differing within wide limits in 
temperature and concentration of HCl, an 
efficient condensation, i.e. practically complete 
absorption of the HCl in water to form a 
liquid acid of 1-15-1*17 sp.gr., is usually 
obtained. 

The efficiency of the condensation of gaseous 
HCl in water is dependent on three considera¬ 
tions : 

1. Temperature of the gas and of the liquid. 

2. Concentration of HCl in the gases to be 
scrubbed and of the acid liquid to be })roduced. 

3. Time of contact between the gas and the 
liquid, and the average distance between the 
gaseous particles and the liquid 
particles, and also the thickness 
of the liquid layer, and on its 
motions internal and as a 
whole. 

On issuing from the sulphate 
of soda plant the acid gases 
require cooling. The apparatus 
used for this purpose (lepends 
on the temperature of the 
gases. 

If the gases issue from the 
pot or pan of a handworked 
salt-cake furnace, the tempera¬ 
ture is comparatively low. In 
this case the cooling is usually 
done in a row or rows of 
earthenware pipes. The pipes 
used are often unglazed, but 
are rendered impervious to 
moisture and gas by boiling in 
tar. In some cases the earthen- 
I ware pipes are substituted by 
glass pipe.s of 12 in. diameter, 
made slightly taper, as shown 
in P’ig, 27. The glass pipes are, 
of course, more liable to break¬ 
ages by accident, and also 
through the effect of violent 
changes of temperature, than 
the earthenware pipes, but in 
sheltered positions they last 27. 

well. 

For the hotter gases issuing from an ordinary 
muffle-worked sulphate of soda furnace or 
from the cylinders of the Hargreaves process 
cast-iron pipes are commonly used to cool the 
gases to a safe temperature before passing 
them as before into earthenware or glass pipes. 
The action of the hydrochloric acid gases on cast 
iron is very slight at a temperature well above 
the condensing-point of liquid acid. 
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When open furnaces, whether “ hand ” or 
“ mechanical ” (such as the Mactear furnace), are 

used, the acid gases are 
mixed ^^'ith tlie products 
of combustion, and are 
consequently much hotter 

and more dilute. Under > 

these conditions extensive 

series of cast-iron pi])es 

are used for the preliminary 

cooling before passing the 

gases into the earthenware inHMi iilliiii 

piy)es for final cooling, I 

The earthenware pipes |||^^H||i|||| 

used are usually 12-in. or ■| 

15-in. diameter socket r - ||^H|||| |||| 

pipes, the joints being made --- -| 
with a ccunent of tar and i 

China clay. The cast-iron 
pipes vary from 12 to 20 in. . - 
in diameter, according to " 
the (juantity of gas and ; 3f||||||HnHHI 
the arrangement of the " -4,5 

cooling system of pipes; 
they are socket pipes, the 
joints being made by 

ramming into the socket iron filings moistened 
with ammonium chloride solution. 

The arrangement of the cooling pipes d(‘])end8 
on the relative })ositions of the salt-cake furnac(^s 
and of the acid condensers and the space 
available. When the salt-cake furnace is a long 


j purpose of collecting any liquid deposited. 
I The cistenis are usually made in this country 


Fia. 28. 

distance from the conderisers, a single direct line 
of pipes may be a sufficient means of cooling; 
where the distance is small the necessary 
amount of cooling surface is obtained by adding 





Fig. 29. 

extra lengths of pipe that run verticaUy up and 
down and that start from a small stone cistern 
and return to another stone cistern for the 


Kjg, 30. 

of silieious sandstone found in Yorkshire, and 

known as “ Yorkshire flag.” The cisterns are 

composed of flags 

4—0 in. thick, bound | 

together by strong ( 

iron ties, and the 

joints made tight by M 

thick indiarubber . Y\ 

j cord laid in a groove 
between the faces of 
the two stones or 
by a mixture of tar 
and fireclay, as in 
Figs. 28, '29, 30. 

By one or more of 
the above arrange¬ 
ments of pipes and 
cisterns the acid 
gases arc cooled to 
45°, or even to 25°. 

The cooling of weak 
gas is far more im¬ 
portant than the 
cooling of strong gas. 

The gases next 
enter the apparatus 
where the hydro¬ 
chloric acid gas is to 
be converted into a 
liquid acid of com¬ 
mercial strength, 
and that in such a 
manner that practi¬ 
cally hardly a trace 
of acid escapes con¬ 
densation. 

The apparatus 
almost universally 
used are tall stone 
towers, packed 31. 

with broken coke 

specially arranged, down which a stream of 
water is allowed to trickle, and up which the 
gases are caused to flow (Fig. 31). These 
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towers were invented and patented by Gossage, 
in 1836. 

The coke tower has tlie merits of simplicity 
and, when carefully packed, of efficiency. 

Idle comparative efficiency of various modes 
of treating liquids with gases has been dealt 
with in a series of papers by llurter, who also 
gives some interesting data on eoke-])acked 
towers (d.S.C.l. 1885, 4, 636 ; 1887, 6, 707 ; 1893, 
12, 227, 989. See also ibid. 1919, 38, 75T ; 
1920, 39, 23 ; Ind. Eng. ('hem. 1924, 16, 1215; 
(diem. Met. hhig. 1923, 29, 146; Trans. Amer. 
Inst. J\liii. Met. Eng. 1919, 12, 231; 1929, 22, 
165). 

(V)ke towers are erections of considerable 
height, varying from about 40 ft. to 60 ft. The 
horizontal sectional area may vary irom 2.5 to 
180 s(p ft. '’Idiey are jirovided with a grating a 
few feet over the bottom, on which rests the 
coke which forms the “ packing of the 



tower. This coke, which must bo of as hard a 
quality as possible (only the best oven-coke is 
applicable for this purpose), is disposed in 
such a way that the gas is as much as possible 
divided in a large number of channels (none of 
them being so wide that the bulk of the gas 
can pass up through it), and that the current 
of gas is constantly changed in direction. For 
this object long pieces of coke are laid parallel 
in a row; the next row is made to cross the 
lower one, and so forth. The size of the pieces 
is gradually diminished from bottom to top. 
In order to avoid an excessive quantity of the 
gas passing up the side of the condenser along 
the wall, it is usual to place a layer of finer 
coke round the condenser for a few inches from 
the wall. By this arrangement there is effected 
both a great division and constant mixture of 
the gases, and at the same time a suitable 


spreading of the feeding water over a very largo 
surface. One great advantage (‘oke has over 
Hints or other 7 )ackings is that, owing to the 
roughness of its surface and its porosity, it 
alwa^^s retains a large store of liquid, which 
t(mds to keep the working of the condensers 
steady under a fluctuating flow of acid gases, 
and to tide over difficulties occasioned by any 
unintentional stoppage of the licjuor supply. 
The water (or som(‘tim(‘s weak acid) is fed in at 
the top ly some contrivance assuring a uniform 
distribution over the mIioIc area of the tower; 
and in trickling down it keeps the surfaces of 
the coke moist, and a very largi' area of contact 



Fig. 33. 


between the gases and the litjuid is thus pro¬ 
duced. Those towers are so simple to construct 
and so effective that of recent years there has 
been a growing tendency in England to do away 
with all cooling pipes, cisterns, wash towers, etc., 
and to use a couple of very large stone towers to 
do the whole w'ork of cooling and condensation 
for two or even more salt-cake pots and furnaces. 
The tow'ers are worked in series, the weak acid 
from the second or final tower being run down 
the first tower. In this way both complete 
absorption of the acid and the production of a 
strong liquid acid, i.e. one of over 1'15 sp.gr., 
are assured. To condense the acid from two 
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hand salt-cake furnaces the two towers may 
each be 5 ft. square and 50 ft. high. 

No difficulty is now experienced in pumping 
the weak acid made in the second condenser 
on to the top of the first condenser, either by 
stoneware ram pumps, ebonite ram pumps, 
stoneware acid eggs, or occasionally even yet by 
the Hazlehurst membrane pump, patented in 
1876. The ascending pipe is usually of stone¬ 
ware or ebonite, occasionally of load. 

Brick towers are not to be recommended, as 
it is practically impossible to keep the numerous 
joints so tight that no acid oozes out. Columns 
of stoneware pipes cannot be made of a large 
area, and, thereft)re, are not very well adapted 
to large works, at least if intended for coke 
towers ; but they do very good service at 
smaller works, or us supplementary to a large 
condensing plant of stoneware receives. The 
material mostly employed for coke towers is acid- 
proof sandstone or, in France, Volvic lava, just as | 
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for acid tanka. The system of joining the flags 
together is the same as shown in Figs. 28 and 
29, or else as in Fig. 30, or as shown in Fig. 32, 
in which the flags are kept together by means 
of grooves worked in the stone, and without 
the aid of any ironwork, which is always a source 
of anxiety in acid condensers. 

The coke towers are generally placed at a 
high level, and are, if necessary, put upon pillars, 
for the purpose of running the acid from them 
by gravitation either into chlorine stills or into 
store cisterns for sale. They must, of course, 
have a very secure foundation, in the construc¬ 
tion of which not merely the great weight of the 
tower must be considered but also the proba¬ 
bility that there will be now and then leakages 
of acid which may make the foundation unsafe. 
This can be avoided by asphalting the ground 
in such a way that any acid running down 
cannot penetrate into the soil, but is conveyed 
to a safe distance. Any damage done to the 


foundation, even if it amounts to much less 
than would cause the erection to break down 
altogether, is extremely injurious, because it 
will almost unavoidably lead to the tower 
getting out of level, in which case the liquid will 
principally descend on the lower side; thus 
the necessary distribution of the liquid is not 
attained, and the action of the condenser is 
most injuriously affected. 

It has been already stated that the feeding 
of the towers with water or with weak acid 
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must take place in such manner as to distribute 
it equally over the whole surfac^e of the coke. 
Formerly this was generally done by a distri¬ 
buting wheel (shown in Figs. 33 and 34) worked 
by the pressure of the feed water itself. Fig. 
33 shows two rotating jets (a and b), feeding 
the outer and inner circles of holes, causing 
the stream of water to reach successively every 
one of the holes on the top of the condenser. 



Fio. 36. Fig. 37. 


and thus securing a uniform distribution indepen¬ 
dently of an exact level of the top of the tower. 

Most manufacturers have discarded these 
acid wheels and have introduced troughs pro¬ 
vided with a number of overflows all at the 
same level, feeding the same number of water- 
lutes. This arrangement is indicated in Fig. 31. 
This figure represents a tower built as Fig. 32, 
the cross-hatched outer portion representing the 
timber framework to support the feeding cistern. 

Another form of apparatus for dissolving 
the hydrochloric acid gas is theLunge-Rohrmann 
plate tower, shown in Figs. 36, 36, and 37. 
It consists of an earthenware tower packed 
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with a series of perforated plates E, E, the per¬ 
forations being made to alternate in successive 
plates, so that each hole corresponds to a solid 



Fig. 38. 


place in the plates just above and below. Figs. 
36 and 37 show one of the plates in detail. 
As is to be expected, the evidence for and 


against the improved packings for the con¬ 
densing towers is very conflicting, and as the 
cost of them is naturally higher, the coke-packed 
tower has fully maintained its position. 

In France and Germany a somewhat different 
system of cooling and condensation is in general 
use. The earthenware and glass pipes mentioned 
above as being used almost exclusively in this 
country for the cooling of the gases are more or 
less completely substituted by a series of 
earthenware Woulfe’s bottles, known technically 
as bombonnes or tourils (see Fig. 38). The 
scale of the drawing is too small to show that the 
vessel on the right is about 1 in. higher than 
the vessel on the left ; the hqiiids travel down¬ 
hill from right to left, and consequently the 
gases are made to travel from left to right. 
The size of the bombonnes varies from 40 to 100 
gallons. They are arranged in sets of 40 up to 
100, as shown in Fig. 39, and, in spite of the 
relatively high temperature in the leading 
bombonne, eventually give a liquid acid of 
1-16-1 *18 sp.gr. They are made of the best 
stoneware, which is able to stand somewhat 
violent changes of temj)erature. After leaving 
the bombonnes, the acid gases are finally 
scrubbed with water in a coke-packed tower, 
similar in design but usually much smaller than 



Fig. 39. 


those used in this country. The weak liquid 
acid produced in this tower supplies the stream 
of weak acid required by the bombonnes. The 


figure does not show the means of running off 
the strong acid from the lowest bombonnes in 
the series, nor the cisterns, etc., for receiving the 
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acid. Coolers and absorption plant can now 
be made of fused silica (Vitreosil) in the form of 
grids made of S-pipes, and as these can be 
water-cooled by sprays a reduction in the size 
of plant required is effected. 

In the condensation of hydrochloric acid 
gas in water with the apparatus at present used 
and described above, tluTe is little reason for 
difficulty in avoiding losses of HCI through in¬ 
complete absorption. The difficulty more com¬ 
monly experienced is to combine the complete 
absorption enforced by law' witli a high-strength 
liquid acid. 

The impurities found in commercial hydro¬ 
chloric acid made by the above processes are, 
chiefly, sulphuric acid, ferric chloride, arsenic 
tri(ffiloride, and either free chlorine or sul¬ 
phurous acid. 

Sulphuric acid is the largest impurity. The 
hydrochloric acid condensed from the pan or pot 
gas is always much })ur(‘r than that from the 
roaster gas. The quantity of sulphuric acid in 
the gases from the salt-cake furnace sometimes 
amounts to 2^/q and upwards; it was very 
troublesome in the Weldon, and fatal in the 
Deacon, chlorine process, and in some other 
applications of hydrochloric acid. The sul¬ 
phuric acid in the salt-cake furnace gases can 
be removed to a large extent by a small con¬ 
denser or dry scrubber before condensation. 
A large number of suggestions has been made 
for the purification of the salt-cake furnace 
gases, so as to render them suitable for the 
Deacon process, but the only one of these pro¬ 
cesses to achieve j^ractical success is the Hasen- 
clever process (B.P. 3393, 1883). {See at end 
of Deacon Chlorine Process.) 

Arsenic gets into the hydrochloric acid 
through the sulphuric acid employed in its 
manufacture; the arsenic is thereby converted 
into ASCI 3 , passes as such into the conden¬ 
sing apparatus. Many plans have been pro¬ 
posed for its removal—most frequently a treat¬ 
ment with sulphuretted hydrogen or with 
sulphides. Bettendorff (Dingl. poly. J. 1869,194, 
263) precipitates the arsenic from concentrated 
hydrochloric acid by stannous chloride, and then 
distils the decanted acid. Duflos dilutes the 
acid to sp.gr. 1*13, and digests it wdth strips of 
sheet copper at 3(PC. for 24 hours, and repeats 
this treatment with freshly scoured copper. 
This removes all the arsenic and the free 
chlorine, and reduces the ferric chloride to 
ferrous chloride, which remains behind on 
distillation. Beckurts (Fischer’s Jahresb. 1884, 
80, 348) distils hydrochloric acid with ferrous 
chloride and removes the first 30% containing 
all the arsenic. 

Selenium is sometimes found in such quan¬ 
tities in hydrochloric acid as to give trouble 
in its application (Davis, J.IS.C.I. 1883, 2, 
167). 

Hydrochloric A cid from Sources other than the 
Leblanc Process. —Attempts have been made to 
produce hydrochloric acid from many sources, 
notably from the residual liquors of the ammonia- 
soda process. A number of suggestions has 
been made for the direct production of HCI: 
(i) from CaClg; (ii) from MgCi2; (hi) from 
NH 4 CI. In this connection compare the 


references given for the production of chlorine 
from these bodies earlier in the article. So far 
as is known, none of the processes is used. 
Mond (1883) heated the ammonium chloride with 
so much sulphuric acid that the acid sulphate 
was formed and all HCI expelled. The acid 
sulphate was converted by means of ammoniacal 
v'apours into the neutral salt of (‘ommerce. 
O. N. Witt (1886) expelled the HCI from 
NH4CI by means of syrupy phosphoric acid, 
which formed ammonium phosphat(‘. On heat¬ 
ing this at a higher tfunperature the ammonia 
W'as driven out and the phosphoric acid re¬ 
generated. Jurisch (Dingl. poly. .1. 1888, 267, 
431) has shown that this process is not prac¬ 
ticable, because then^ is iio material knowni which 
resists the molten phos[)hon(! acid, and only 63% 
to 86 % of the NH 3 is recovered. Mond passed 
the vapour of ammonium chloride over nic^kel 
oxide, heated to at least 360'\ which absorbed 
the HCI and allowed the N H3 to ])ass on. After 
a (icrtain time the pro(!ess was changed by raising 
the temperature to 500'' or 600" and decomposing 
the nickel chloride by steam, wdien HCI was 
driven oft' and NiO regeiierated. (kSeveral 
patents taken out in 1886.) 

During recent years, when the chlorination 
of organic compounds has advanced by vast 
strides, the hydrocddoric acid gas produced 
when a hydrogen atom is substituted by a 
chlorine atom has to be collected and utilised. 
The hydrochloric acid gas evolved is almost 
pure, easily comlensed, and yields an acid quite 
free from the usual impurities. 

Hydrochloric acid has also been produced 
by passing chlorine over wood at a temperature 
of i50'’-35CF, whereby (diarcoal is also formed 
(Jtosnian Electricity Works at Jaice, G.P. 
158086). 

Lastly, hydrochloric acid has been prepared 
by processes inverting tin* practices of the last 
hundred years, namely, it has been prepared 
from its elements as a direct and definite pro¬ 
cess without the formation of by-products, or 
for any other reasons than its own preparation 
and the utilisation of the two elements formed 
by the electrolysis of potassium and sodium 
chlorides. The gases are mixed and passed 
over charcoal (G.P. 114219), or they are 
burnt together at jets ( 80 c. Italiana di Elettro- 
chimica; J. 8 .C.I. 1915, 34, 1142), or they are 
combined together by Kobei ts’ patent (Electro- 
chem. and Met. Ind. 1910, 8, 704), ami by this 
last process the acid has been manufactured in 
Niagara since 1914. 

The conveyance and storage of hydrochloric 
acid of strengths varying from 27 to 40% has 
undergone changes in recent times following 
improvements in the technique of the applica¬ 
tion of rubber preparations to metal and other 
surfaces. Steel tanks lined with material vary¬ 
ing from soft to hard rubber or ebonite are used 
for (jonveyance of acid in bulk (Chem. and Ind. 
1924, 43,‘ 186R; 1932, 51, 206, 224; Chem. 
Met. Eng. 1928, 35, 673; 1929, 36, 152; Ind. 
Eng. Chem. 1927, 19, 130; Ind. Chem. 1928, 4, 
75). The familiar glass carboy is still, however, 
used to a large extent for the conveyance of this 
acid. 

The applications of hydrochloric acid include 
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the manufacture of ammonium chloride, both 
by neutralisation in solution and subsequent 
crystallisation, and by the dry process involving 
sublimation described in B.P. 273093, 274263, 
290045 (Moore, Polack and Castner-Kellncr 
\lkali Co., Ltd.). The older application of 
hydrochloric acid for the production of chlorine 
by the Weldon and Deacon processes is no 
longer of importance in Great Britain. 

It is used for extracting the phosphates from 
bones in the ])roduction of osseinc for gelatine; 
for j)reparing zinc cliloride, stannous chloride, 
and ferrous chloride; for the preparation of pure 
ca.’honic acid from limestone; for the manufac- 
tuioof aniline hydrochloride; and in the manu- 
fac lire of many coal tar colours and inter- 
mei ates. 

In recent years the operation of cleaning 
(picking) mofal with hydrochloric acid prior to 
rollin/ into slu^et, wire drawing, and coating 
with z nc, tin or lead, has been modified by the 
use of so-called “ inhibitors ” or “ rcstrainers ” 
sold ui ler trade names such Bhodinc^ 

PicMcit , etc. The effect of the addition of a 
small p rcentage of an “ inhibitor ” to hydro- 
chloriii I cid is to depress the rate of solution of 
metal without affecting the rate of solution of 
the film of oxide (scale), Evaluation of 

Pickling Inhibitors, Pirak and Wenzel, Chem.- 
Ztg. 1932, 56, 193, 214. 

Liquid hydrogen chloride may bo stored in 
steel containers if the gas has been thoroughly 
dried. The low specific gravity of the liquid 
and the groat weight of the cylinder militate 
against commercial d(;velopment of this product. 

F. 11. 

CHLOR I SOL. Sodium hypochlorite solu¬ 
tion. 

CHLOROCRUORIN. A pigment related 
to haunoglobin whiiL occurs in the blood plasma 
of certain jiolychjeto worms (11. M. Fox, Proc. 
Roy. 8oc. 1920, [B], 99 , 199). 

CHLOROFORM, TRICHLORO- 
METHANE, CHCI3. Chloroform was dis¬ 
covered by Liebig (Fogg. Ann. 1S31, 23, 242) 
and independently about the same time by 
Soubeiran (Ann. Chim. Phys. 1S31, [ii], 48, 131). 
Its constitution was determined by Dumas (Ann. 
Chim. J^hys. 1S34, [iij, 56,115), to whom the name 
chloroform is also due. Chloroform is very 
widely employed as a general anaesthetic and is 
an important solvent finding application in 
the manufacture of fats, rubber, resins, alkaloids 
and other products. It is a useful preserva¬ 
tive. 

Chloroform may be obtained by chlorination 
of a number of organic substances such as 
alcohol, acetone, acetaldehyde, acetophenone, 
turpentine, terpenes, etc., but only a few of 
these are of practical utility. 

Chloroform was originally manufactured from 
ethyl alcohol, but for many years past this has 
been replaced by acetone. Owing to the much 
cheapened production of acetaldehyde at the 
present time chlorination of the latter product 
bids fair to displace the use of acetone. Accord¬ 
ing to Feyer (Z. Elektrochem. 1919, 25, 115) 
the formation of cliloroform from alcohol by the 
action of bleaching powder is represented by the 
following equations, the reaction taking place 


in three stages involving oxidation and forma¬ 
tion of aldehyde, as follows : 

( 1 ) CH3CH2OH+HOCI 

-CHg CHO+HgOd HCl 

(2) CH3CHO+3HOCI 

-CHCI3+HCOOH1-2H2O 

(3) HCOOH+HOCI^COgfHgO+HCI 

The action of bleaching powder on acetone 
appears to be best represented by the equation : 

2C0(CH3)2 I ecaocig 

2CHCl3-f (CH3 COO)2CaL2Ca(OH)2 

d" 3CaC 12 

Manufacture of Chloroform from Acetone and 
Bleaching-powder. —This is the process most 
generally employed. The method differs in 
minor details with the various manufacturers, 
but the following may be taken as representative. 
The reaction is carried out in a cast-iron still 
of about 800 gallons capacity, which is 
provided with stirring gear, steam-coils, and cool¬ 
ing coils, and is connected with a condenser; 
300 gallons of water are run into the still, and 
800 lb. of bleaching powder are added through 
a manhole, which is t hen securely bolted down. 
During addition of the bleaching powder the 
mixture is very thoroughly stirred. (In some 
processes the mixing is (tarried out in a separate 
vessel, and the suspension is strained from the 
larger unbroken lumps of bleaching powder 
before being allowed to run into the still.) 
The container (A in the diagram shown on p. 78) 
is charged with 70 lb. of acetone, which is then 
slowly run into the bottom of the still by means 
of the valve B. The introduction of the acetone 
is accompanied by a rise of temperature which 
is not allowed to exceed ]10°F., cooling being 
effected if necessary by stopping the flow of 
acetone and circulating cold water through the 
cooling coil in the still. When all the acetone 
has been introduced the contents of the still 
are raised to 134'^F. At this temperature chloro¬ 
form begins to distil over. The temperature is 
then very gradually raised to 150°F., so as to 
keep the chloroform steadily distilling. To- 
w'ards the end of the reaction the mixture is 
stirred and the temperature raised until no 
more chloroform distils over. 

The crude chloroform obtained is separated 
and purified first by agitation with concentrated 
sulphuric acid. This operation is carried out in 
the vessel shown in the diagram ; 1,500 lb. of 
crude chloroform are introduced into the vessel 
and thoroughly stirred, by means of the agitating 
gear shown, with 600 lb. of sulphuric acid. The 
stirring is continued until a sample of the chloro¬ 
form when thoroughly shaken with pure con¬ 
centrated sulphuric acid does not impart the 
slightest colour to the latter. The time required 
for complete purification is usually about 
3 hours. The chloroform is next separated from 
the sulphuric acid and finally distilled over lime. 
The yield obtained from the above quantities 
averaged from over 2,000 batches was 124 lb., 
the highest yield in any one case being 131 lb. 
Variation in yield is attributed to the varying 
composition of the bleaching powder, though 
doubtless other factors influence the result. 



78 


CHLOROFORM. 


Bleaching powder containing less than 33% 
of available chlorine gives unsatisfactory results, 
while samples containing more than 35% of 
chlorine are also often unsatisfactory. The best 
results appear to be obtained with bleaching 
powder containing about 34% of available 
chlorine. 

Manufacture from Acetaldehyde .—This con¬ 
sists essentially of the treatment of an aqueous 


solution of acetaldehyde with a solution of 
h3rpochIorite. A yield of 80% of chloroform is 
claimed for the following process (G.P. 347460). 
A 20% aqueous solution of acetaldehyde is 
allowed to flow into a solution of bleaching 
powder containing 93 g. of active chlorinr 
per litre. The mixture is vigorously stirred and 
the temperature maintained at 45"’C. After 
addition is complete stirring is continued for a 



short time, the solution neutralised, and the 
chloroform separated by distillation. Purifi¬ 
cation is eflfected in the usual way {see also 
G.P. 339914 and F.P. 621700). A continuous 
process for the production of chloroform, in 
which a mixture of acetone and acetaldehyde is 
treated with a solution of hypochlorite contain¬ 
ing 40 g. of active chlorine or more per litre, is 
described in U.S.P. 1916364. The mixture of 
the solutions is led into a reaction vessel pro¬ 


vided with a stirrer and maintained at a tempera¬ 
ture of 70°~80°C. The chloroform is removed 
by leading steam into the mixture as it passes 
into a separating vessel, the chloroform disti lling 
off through a condenser while the residual liquors 
are continuously discharged. 

Other Methods of Manufacture ,—Chloroform 
has been manufactured in America from carbon 
tetrachloride by reduction with nascent hydro¬ 
gen. The most usual method is to stir vigorously 
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a mixture of the tetrachloride and finely divide 
iron in water, the reaction being initiated by the 
addition of a small amount of hydrochloric 
acid (U.S.P. 753325, 1107025). Numerous 
attempts have also been made to manufacture 
chloroform by chlorination of methane (natural 
gas), but so far without any pronounced success. 
A number of patents have also dealt with 
electrolytic methods of production from alcohol 
or acetone, but very little appears to have been 
made in this wa5\ 

Chloroform is a heavy colourless liquid with 
a characteristic odour. It has b.p. 01-2° (Basker- 
ville and Hamor, Ind. Eng. Chem. 1912, 4, 278; 
Wade and Einnemore, J.C.S. 1904, 946), 

f.p.-64-19^ (Keyes et al. J.C.S. 1923, 124, II, 
376), 1*4989 (Baskerville and Hamor, Z.c.). 

It is not inflammable but burns with a greenish 
smoky flame when mixed with alcohol and the 
mixture ignited. It is slightly soluble in water 
(0*5%) and miscible with most organic solvents. 

When a primary amine is heated with 
chloroform in an alcoholic solution of potas¬ 
sium hydroxide an uocyanide is formed : 

CHClgf RNHa+SKOH 

= RNC-| 3KCI + 3H2O 

The reaction employing aniline as the primary 
amine affords a ready method of deteeting 
chloroform in considerable dilution (1—5,000 to 
6 ,000) the characteristic odour of phenyl iso¬ 
cyanide being easily recognised. The reaction 
is, however, net specific, being given by bromo- 
form, iodoform, chloral, etc. Chloroform also 
reduces Fehling’s solution. 

Anmsthetic Chloroform. —Chloroform for anaE?s- 
thetic purposes is required to be of a very high 
standard of purity and the various pharma- 
copauas detail the tests for a number of im¬ 
purities which may occur in the product and 
render it unsuitable for use as an anaesthetic. 
Pure chloroform under the influence of light, air, 
and moisture is decomposed more or less rapidly 
according to conditions, the main products of 
decomposition being carbonyl chloride (phos¬ 
gene ) and hydrochloric acid, according to the 
equations: 

CHCla+HaO+Oa-COCIa+HCl+HaOa 

CHCI3+H2O2-COCI2+HCI+H2O 

The presence of a small amount of ethyl alcohol 
in the chloroform has been shown to exert a very 
definite stabilising effect, and most pharma¬ 
copoeias specify the addition of alcohol for this 
purpose. The amount permitted by the “ British 
Pharmacopoeia ” is from 1-2%. According to 
Baskerville and Hamor (Ind. Eng. Chem. 1912, 
4, 368, etc.) alcohol appears to act by reason of 
its property as a reducing agent, oxidation of 
alcohol taking place in preference to that 
of chloroform. At the same time the products of 
oxidation appear to exert a retarding action and 
chloroform containing the amount of alcohol 
mentioned above, when properly packed and 
stored so that the action of light and air is 
reduced to a minimum, will keep in a satis¬ 
factory condition for years. The theory of the 
action of alcohol is supported by the fact that 
many other organic reducing substances also 


inhibit the decomposition of chloroform. The 
action of such substances for the preservation 
of chloroform for anfesthetic purposes has been 
investigated by Bodendorf (Apoth.-Ztg. 1929, 
44, 351) by exposing chloroform containing the 
suggested preservative to the action of light from a 
quartz lamp, when it was conclusively shown that 
alcohol is the most satisfactory stabilising agent. 

For the estimation of chloroform in small 
amounts W. H. Cole (J. Biol. Chem. 1926, 71, 
173) has suggested a colorimetric method based 
on the colour reaction obtained with pyridine 
and caustic soda. The method is said to be 
capable of detecting 0*001% of chloroform in 
solution, but its use for the determination of the 
compound in biological fluids has been criticised 
by Yeager (Proc. Soc. Exp. Biol. Med. 1929, 26, 
403). It has, however, been modified for the 
purpose by Gettler and Blume (Arch. Path. 
1931, 11, 554). A colorimetric method for the 
estimation of chloroform in alcoholic solutions, 
tinctures, etc., has been described by Moflitt 
(Analyst, 1933, 58, 2). It depends upon the 
production of a blue colour at the ordinary 
temperature with j3-naphthol and potassium 
hydroxide, a reaction which readily lends itself 
to colorimetric comparison. A similar colour is 
given with a-naphthol, but in this case the reaction 
is also given by otlier chlorinated compounds. 
With ^-naphthol, however, (rlosely related com¬ 
pounds such as carbon tetrachloride, dichloro- 
ethylcne, ethylene chloride, etc., give no colour. 

A. J. E. 


CHLOROGENIC ACID (I), Caffetannic 
Acid (II). The substance described as (I) by 
Payen (Ann. CJiim. 1849, [iii], 26, 108) is now 
recognised to bo the chief constituent of llooh- 
leder’s (II) (Annalen, 1840, 59, 300, and many 
later authors). The alcoholici extract of JJberian 
coffee yielded on evaporation 3*3% of crystalline 
potassium-caffeine chlorogenate, which loses caf¬ 
feine when shaken with moist chloroform; dilute 
sulphuric acid then bberates (I), CigHjgOfl, 
needles, with ^H20, m.p. 208^ [aJi^ —35*2'^ 
(Gorter, Annalen, 1908, 358, 327 ; 1911, 379, 111 ; 
Freudenberg, Ber. 1920, 53, [B], 232). Tannase 
from Aspergillus niger splits the acid into quinic 
acid and caffoio acid, indicating a depside 
formula (Freudenberg, l.c.). The position of the 
linkage was determined by H. 0. L. Fischer and 
Gerda Dangsehat (Ber. 1932,65, [B], 1037), who 
assigned to (I) the constitution 3-[3:4-dihy- 
droxycinnamoylj-l-quinic acid, 




C(OH)CO.H 




I 


HOH(!: CHOCOCH;CH 

\ / 

CH OH 



OH 
OH 


Gorter isolated (I) from coffee leaves, the latex of 
Castilloa elastica (Rec. trav. chim. 1912, 31, 
281), sunflower seeds (Arch. Pharm. 1909, 247, 
436), and from Strychnos nux vomica {ibid, idem. 
197). If Gorter’s colour reaction {ibid. 247, 187 ; 
Annalen, 1911, 879, 111) could be trusted, (I) is 
widely distributed in the vegetable kingdom 
(c/. Charaux, J. Pharm. Chim. 1910, [vii], 2, 
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292 ; van dor Haar, Pharm. Weekblad, 1920, 
67, 194). C’aiToio acid gives the', same colora¬ 
tion (Frcudenberg, l.c.). 'Phc e'stiiiiation of (1) in 
coff(?e has been studied (B, 1934, 40, 1J9, 379, 
426, 524, 700, 779, 985). In spite of the name (11), 
(I) does not precipitate a dilute gelatin solution, 
but when warmed with a 10% solution gives a 
precipitate on cooling (FreudeMiberg, l.c.). 

d.N. G. 

CHLOROPHYLL. The colouring niatter 
of green leaves. A mixture of two (‘losely allied 
su bs tan ces—chi oroph y 11 -a,CQ5H7205N4Mg,and 
chlorophyll-/;, C55 H 70O e ^ 4 

It occurs widely distributed in plants, mainly 
in the leaves and green stems, in the chloro-plasts, 
together with the yellow (cand.enoid) pigments 
carotene and xanthophyll. It is ])resent in both 
green and brown alga% the latter of which also 
contain another carotenoid, fucoxanthin. Jt is 
the active (‘atalyst in the photos 3 mthesi 8 of 
sugars from carbon dioxide and water, and is 
therefore of fundamental importance. It is the 
only enzyme of known chemical structure. 

For the bulk of our knowledge of chlorophyll, 
we arc indebted to the brilliant investigations of 
Richard Willstiitter and Hans Fi.scher, and their 
collaborators. 

lliatorical.—{See Willstatter and Stoll, “ Un- 
tersuchungen iiber Chlorophyll,” Berlin, 1913 ^ ; 
Marchlew’ski, “ (3iemie der Chlorophylle,” 
Braunschw^eig, 1909). Of early attempts to 
isolate the green leaf pigment, those of Berzelius 
(Annalen, 1838, 27, 296) and V^erdeil (Compt. 
rend. 1851, 33, 699) may be mentioned. 'J’he 
latter believed that it contained iron, like the 
haemoglobin of blood, an idea which persisted 
for some time. Other erroneous conceptions 
w'hich complicated early work were that the 
pigment contained phosphorus and potassium. 
Valuable exploratory work was subsequently 
carried out by ISchunck (Proc. Roy. 80 c. 1885, 
38, 336, etc.), and 8 chunck and Marchlew'ski 
(Annalen, 1894, 278, 329). It was thought at 
one time that samples of chlorophyll isolated 
from different sources and at different seasons 
were not identical. This was disproved by 
Willstatter, whose investigations (1906-1913) 
led to a general clarih*cation of the subject. More 
recently, the chemistry of chlorophyll has been 
examined with great thoroughness by Hans 
Fischer (1929-1936) with the result that the 
structure is now certain in main outline and only 
a few details remain to be settled. Chlorophyll 
has not yet been synthesised, although progress 
in this direction has been made. The cxaci r61e 
of the pigment in the photosynthetic process 
remains to bo settled. 

Extraction .—Both fresh and dried green leaves 
can be used as sources of chlorophyll. The 
common nettle, first used by 8 tokes (1852), is a 
convenient source, being cheap, rich in cliloro- 
phyll, readily dried w^hile maintaining its colour 
well, and being poor in enzymes. Extraction 
is best carried out at room temperature with 
acetone containing 15-20% of water (Will- 
Btatter). The acetone solution is treated with 
light petroleum and extracted with water to 
remove the bulk of the acetone and then with 

^ Eeferrcd to henceforward as Willstatter, I 
“ Chlorophyll.” I 


methyl alcohol to remove xanthophyll. Finally 
the petroleum solution is washed free from 
acetone and methyl alcohol with water ; this 
precipitates the chlorophyll, which is filte^red oft’ 
i)y means of a column of talc. The talc is 
washed wdth petroleum (to remove all carotene) 
and the chlorophyll extractc'.d with ether. The 
ethereal solution is dried by mc'aiis of sodium 
sulphate and the chlorophyll prc(!i])itate(l by the 
adclition of petroleum. (For dc'tails see Will¬ 
statter, “ Chlorophyll.” Chapters 3 and 4.) The 
extraction with alcohol, whicdi is used for (certain 
technical ])urposes, Ic'ads to a chemical c;hango 
{see helmv). 

A commercial chlorophyll is maniifacitured for 
the ctolouring of soaj), oils and perfumes. For 
this purpose green leaves (nettles) are extracted 
with ethyl alcohol, the solvent distilled and the 
residue extracted with benzene. The residue 
from this secemd extraction is the bjisis of the 
' (iommercaal prc^duct. A w^ater-soluble pigmemt 
is obtained by hydrolysis with caustict soda. 
This matc'rial has a yellowish-green shade ; to 
obtain a bluish-green, 1 % eff copj)er sul])hat(; is 
added in the original al(*oholie extraction. The*, 
product presumably contains coj)})er in [dace of 
the magnesium atom [)resent in the chlorophyll 
molecule {see below). 

The chloro[)hyll c‘ontent of dric'd nettle leaves 
is about 0*8% and about 80% of this (6*5 g. from 
1 kg. of leaves) can be extracted by Willstatter's 
{)rocedurc. 

The chlorophyll so obtained is a mixture of 
the -a and -6 components, wdiich are present in 
land plants in the proportion of about 3 : 1. In 
brown alga? the pro[)ortion of the -b lorm is rnudi 
smaller. In spite of claims to the contrary, it is 
probable that only two forms of chlorophyll 
exist (Winterstein and 8 ehon, Z. [diysiol. Cheni. 
1934, 230, 139 ; but see Conant and Dietz, 
Nature, 1933,131,131; J. Amer. Chem. kSoc. 1933, 
55, 839). Chlorophyll-/; can be removed i'rom a 
petroleum solution of the mixed pigment by 
extraction with 90% methyl alcohol (Willstatter 
and Isler, Annalen, 1912, 390, 269), a method 
which has been improved by kStoll and Wiede¬ 
mann (llelv. Chim. Acta, 1933, 16, 739). 
Another method of separation is by chromato¬ 
graphic adsorption on a column of calcium 
(*arbonate or preferably, j)owdered sugar 
(Tswett, Bcr. 1908, 41, 1352 ; Winterstein and 
Stein, Z. physiol. Chem. 1933, 220, 263). By 
this method the two forms of chlorophyll can be 
separated from one another and from the caroten¬ 
oids which accompany them in the plant. In 
the examination of structure it is usual to 
separate not the two forms of chlorophyll itself, 
but the corresponding degradation products, 
the phaiophorbides, which are easily separated 
by acid fractionation {see below). 

Physical Properties .—The mixed f'hlorophyll 
obtained by acetone extraction is a dark green 
waxy solid. Pure chlorophyll-a is obtained 
microcrystalhne by adding petroleum to its 
ethereal solution. Blow evaporation of a solution 
in a mixture of these solvents gives thin lanceo¬ 
late leaflets. Chlorophyll-/; can be obtained 
similarly in a microcrystalline form. In powder 
form chlorophyll-a appears bluish-black, it gives 
a green streak and has a steel-blue reflex. The 



CHLOROPHYLL. 


powder of the -h form is very dark green. 
Chlorophyll-a is soluble in ether, absolute ethyl 
alcohol, acetone, chloroform, carbon disulphide 
and benzene ; moderately soluble in cold methyl 
alcohol, more soluble in hot ; very sparingly 
soluble in light petroleum, but the solubility is 
raised considerably by the addition of a little 
alcohol. It is practically insoluble in alcohols 
containing 20% of water. The solutions are 
bluish-green with a red fluorescence. The 
solubility of chlorophyll-6 resembles that of the 
-a component, but is slightly low'cr throughout. 
The difference is most marked in the case of 
light petroleum. The solutions are yellow- 
green to green with a brownish-red fluorescence. 

Chlorophyll-a sinters and melts between 117® 
and 120^ ; chlorophyll-6 sinters between 86° 
and 92° and melts to a thick liquid between 
120° and 130°. 

Absorption Spectra. —Both components of 
chlorophyll have complex absorption spectra. 
The main areas of transmission are in the region 
of 500m/x (green) and lOOmp (red). The 
main bands in the spectrum of chlorophyll-a 
have maxima at and 433w/i, ; there are 

also strong bands at 612w/x and 45Srnfi and 
w eaker bands between the green and orange-red. 
The end-absorption commences at about 415wp. 
The absorption spectrum of chlorophyll-6 
difl'ers from this principally in having the main 
red band split into two and in the deepening of 
the band in the blue at 457m/i, which becomes 
the strongest band. For further details, see 
Willstiitter, “Chlorophyll,” p. 169; Hans 
Fischer, Oppenheimcr’s “ Handbuch der Bio- 
chemie,” 1923, p. 351 ; Conant and Kamerling, 
J. Amer. Chem. Soc. 1931, 53, 3522 ; and a 
series of papers by Stern, Wenderlein and their 
collaborators, Z. physikal. Chem. (A), 1934, 
170, 337 ; 1935, 174, 81, 321 ; 1936, 175, 405 ; 
176, 81 ; 177, 40, 165, 365, 387. 

Optical Activity. —It was thought for a long 
time that chlorophyll was optically inactive, but 
in 1933 Stoll and Wiedemann (Helv. Chim. 
Acta, 1933, 16, 307) using red light (A, 720wp) 
found that both chlorophyll-o and -6 were 
laevorotatory with about —265°. The 

phytyl- and magnesium-free derivatives, the 
phorbides {see below), were also active. Fischer 
and Stern have confirmed and extended these 
observations (Annalcn, 1935, 519, 58 ; 520, 
88). There is a difference between these 
workers’ observations on the ease of racemisa- 
tion of the solutions. The porphyrins derived 
from chlorophyll {see below) are all optically 
inactive. 

Reactions and Structure, —As stated above. 
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the two components of chlorophyll have the 
formulae: 

chlorophyll- 

chlorophyll-6, CggH^oOgN^Mg 

Chlorophyll-6 contains one more atom of oxygen 
and two less of hydrogen than chlorophyll-a ; 
actually it contains an aldehyde group in place 
of a methyl group. 

“ Crystalline chlorophyll,'^ chlorophyliides .— 
It was found by WillstMter and Utzingcr (An- 
nalen, 1911, 882, 129) that when ethyl alcohol 
w^as used in place of acetone to extracit green 
leaves, the pigment w'as isolated as bluish-green 
crystals. This involves a chemical change 
catalysed by an enzyme, chlorophyllase, present 
in the leaf. The change is shown below for the 
-a component 

^34^33^3^4^S*^^2^20^39'!“ ^2^6^ ^ 
C‘hlorophyll-a 

CjiHjjOjN^Mg CO^CjH.+ CjoH^OH 

1 . 

The compound (1), ethyl chlorophyllide, is the 
main constituent of crystalline chlorophyll. 
The other reaction product is phytyl alcohol, a 
wax-like, unsaturated primary alcohol. The 
structure of this has been proved to bo 

MegCHlCHgJaCHMelCHglgCHMeLCHJa 

•CMe.CHCHaeOH 

both by degradation and synthesis (F. G. 
Fischer and Low^enberg, Annalen, 1929, 475, 
183). 

A similar enzymatic alcoholysis with methyl 
alcohol yields methyl chlorophyllide, 

C34H3303N4MgCO.,CH3. 

It was found by Willstatter, Hocheder and Hug 
(Annalen, 1909, 371, 1) that the same phytyl 
alcohol was obtained by the decomposition of 
the chlorophyll from a large number of different 
plants. It is the presence of the phytyl group 
in the molecule which enables chlorophyll to 
form colloidal solutions. 

Fhwophor bides (Willstatter and Hocheder, 
Annalen, 1907, 354, 205).—Hydrated oxalic acid 
in alcohol leads to a straightforward elimination 
of magnesium from chlorophyll. The product 
is an olive-brown solid, phseophytin (II). 
Similarly, treatment of methyl chlorophyllide 
with a 17% solution of hydrochloric acid in 
ether leads to the formation of methyl phajophor- 
bidc (111). If stronger acids are used, the phytyl 
or methyl esters are also hydrolysed with the 
formation of the corresponding free acid, 
phseophorbide (IV) : 


Oxalic acid 

^34^33^3^4^6‘^^2'^20^a9 ^ 

I M«OH, enzyme 


^34 ^ 33^3 ^ 4 ^ 2 ’^^ 2*^20 ^39 

11 . 


I 


HCl 


C84H3303N4MgC03Me 

I dll. HCl 

Ca4H8308N4H,COaMe 

III. 


ftitoi 




\AC\ 


^34^33^3^4^2’^^2^ 

IV. 


VoL. III.—6 
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The above reactions are shown for the -a series. 
In actual practice a mixture of phseophorbides-a 
and -b arc obtained. These can be separated by 
partition ])otwecn ether and hydrochloric acid 
as follows : 

Acid Separation (Willstatter, “ Chlorophyll,” 
p. 262).—This is a useful general method for the 
separation of substances of similar structure by 
taking advantage of small differences in basicity. 
The mixture is dissolved in ether and extracted 
with hydrochloric acid in gradually increasing 
strength. The acid number of the substance is 
the percentage concentration of hydrochloric 
acid which extracts two-thirds of the substance 
from an etpial volume of its ethereal solution. 
For example, methyl phaH)phorbides-a and -h 
have acid numbers of 16 and 21 respectively. 
The former is com])letely extracted by 18% 
acid, the latter retpiires 23% acid. Extraction 
of an ethereal solution of a mixture with 17% 
acid leads to an almost complete separation. 
The pnx'cduro cannot be used with compounds 
containing magnesium, such as chlorophyll itself, 
or the chlorophyllidcs, unless the elimination of 
metal is immaterial. 

From this point the structure and reactions of 
the more fully studied -a component of chloro¬ 
phyll and its degradation products will be dealt 
with exclusively. 

Chloriti'G .—Two of the five oxygon atoms of 
chlorophyll-a are in a (iarboxyl group Avhich 
carries the phytyl group. Two other oxygen 
atoms are present in the form of a carbomethoxyl 
group. This is comparatively hard to hydrolyse 
by acids, but if plucophorbide-a is boiled very 
rapidly with methyl alcoholicj potash for 30 
seconds a tribasic acid chlorin-o is obtained. 
This yields a characteristic trimethyl ester 
(Willstiittor and Utzinger, Annalon, 1911, 382, 
171). The change involves a hydrolysis of the 
stable carbomethoxyl group and a conversion of 
the fifth oxygen into a carboxyl group : 

/COgMe 

+ 2 H 2 O 

\CO 2 H 

Phacophorbide-a 

C3iH3,N,(COjH)3+MeOH 

Chlorin-r. 

The implication is that the fifth oxygen atom is 
part of a pseudo-acidic group. From H. Fischer’s 
work this is a cyclic ^-ketonic ester grouping. 
It was previously thought to be a lactone group. 
Essentially the same change has been brought 
about by the conversion of methyl phaeophor- 
bido-a to the trimethyl ester of chlorin-e by the 
action of diazomethane in methyl alcohol 
(H. Fischer and co-workers, Annalon, 1932, 498, 
194 ; 1933, 506, 107). 

Hydrolysis of chlorophyll-a itself with potash 
under non-oxidising conditions gives a similar 
reaction, but in this case the product is the 
potassium salt of iiiochlorophyllin~&f 

C,iH3iN,Mg(CO,K)5. 

This is converted into chlorin-e by treatment 
with acids, the atom of magnesium being ex¬ 
changed for two of hydrogen. 

Drastic Degradation by Alkali ,—Alkalis at 
high temperatures convert the magnesium-free 


derivatives of chlorophyll, particularly chlorin-c, 
into a series of porphyrins. These are red, 
crystalline solids with low acid numbers, and 
are based on the common structural unit, 
porphin (V) : 

2 a 3 

CH CH CH 

\ \ ^ ^ 


1 HC 


/ 


h HC 


sHC 
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-NH 

-N 
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CHI 
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CH 
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CH 
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CH 
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CH^ 

/ 

-C 

CHs 


Va. 


The conventional lettering and numbering of the 
I porphin group is show'ii above, a7)d a convenient 
abbreviation in V«. Porphin and the porphyrins 
(w^hich are its derivatives, substituted in the 
numbered positions) possess a characteristic 
type of absorption spectrum, and the power to 
form stable derivatives with metals, in which 
the two imino-hydrogen atoms are substituted, 
e.g. by a divalent metal atom. The porphin 
nucleus exhibits a resemblance to the aromatic 
type (see Linstead, Chom. Soc. Annual Kep. 
1935, 32, 359). 

The porphyrins isolated from chlorophyll 
derivatives are tabulated below. They all con¬ 
tain the following substituents : hydrogen atoms 
on the a-, )3-, and 8- carbon atoms, methyl 
groups on the 1-, 3-, 5-, and 8- carbon atoms, 
ethyl groups on the 2- and 4- carbon atoms. 
The other substituent groups are indicated in 
the table : 


Porphyrins from Chlorophyll 
Derivatives 



Substituents 

Name and formula. 

(p=— 

CHa-CHa-i 

COgH). 


6- 

7- 

y. 

Rhodoporph y rin. 




C,oH33N,(CO,H), 
Phylloporphyrin, 

CO 2 H 

P 

H 

C3iH33N,(C03H) 

Pyrroporphyrin, 

H 

P 

Me 

C,„H,3N4(C0,H) 

Phylloaetioporphyrin, 

H 

P 

H 

CaiHggN^ . 

Pyrroeetioporphyrin, 

H 

\ Et 

Me 

^ 80 ^ 84^4 • 

H 

Et 

H 
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Pyrroaetioporphyrin, the last-named and 
simplest of these compounds, was at one time be¬ 
lieved to be identical with the oxygen-free aetio- 
porphyrin isolated by degradation of the haemin 
of blood (aetioporphyrin-lll). Although this is 
not the case, the substanct^s are very closely 
related, the actioporphyrin from the blood pig¬ 
ment having an ethyl group in place of a 
hydrogen atom on C®. All those structures have 
been confirmed by synthesis (H. Fischer and co- 
workers, Annalen, 1928, 461, 221 ; 1929, 473, 
211 ; 475, 241 ; 1930, 480, 109, 189 ; 482, 232). 
Pyrroporphyrin from chlorophyll has been 
converted into mesoporphyrin (VI), a degrada¬ 
tion product of hamiin. 

Et Me 



V P 
VI. 


Drastic Degradation to Pyrroles .—Derivatives 
of chlorfiphyll can bo converted into simple 
pyrrole derivatives by two methods, involving 
oxidation and reduction respectively. March- 
lewski (J. pr. Chem. 1902, [ii], 65, 101) oxidised 
phylloporphyrin with chromic acid to the 
anhydride (VII). Willstatter and Asahina 
(Annalen, 1910, 373, 227) oxidised rhodo-, 
phyllo-, and pyrro-porphyrins and chlorin-c to 
a mixture of methylethyl maleinimide (Vlll) 
and haematic acid (IX, i.e. the imidc correspond¬ 
ing to Vll). 

O 


CO 


MeC 


^CO 

CCHa-CHaCOjH 

VII. 


NH 

CO ^CO 

I I 

MeC^-^-—CEt 

VIII. 


NH 


CO 

MeC 


CO 

=<!:ch, 

IX. 


For recent work on this subject, «ee Fischer and 
Breitner (Annalen, 1936, 522, 151). 

Willst&tter and Asahina (Annalen, 1911, 385, 
188) reduced phylloporphyrin with hydrogen 
iodide and acetic acid to a mixture of alkyl 
pyrroles containing heemopyrrole (X), krypto- 
pyrrole (XI), and phyllopyrrole (XII) : 


NH 

MeC CH 


Me 


j—j 


Et 


NH 

^CMe 
Mei!;- Iei 


Med— 


NH 

\ 


CMe 

II 

-CEt 


XII. 


The facts enumerated above lead to the 
following skeleton structure (XlTl) for chloro¬ 
phyll-a : 

Et CH Me 



XIII. (Double bonds and pyrrole carbon 
atoms omitted for clarity.) 

The magnesium atom is attached to nitrogen 
atoms because it is known that oxygen-free 
compounds, such as tlu^ jctioporphyrins, can 
form magnesium derivatives. The carbon 
atom on Cy is tlu; source of the y-methyl group 
of phylloporphyrin, and the CO group on Cj 
is the source of the C-carboxyl group in rhodo- 
porphyrin. 

The full formula for chlorophyll-a, proposed 
by H. Fischer (Annalen, 1935, 520, 88), is as 
follow's : 



XIV. (Pha>ophorbide-a has the same formula 
with H, H for Mg, and H for phytyl.) 

It is not possible in the present article to give 
the complete evidence justifying the various 
structural features of this formula, other than 
those already discussed. Some of the more 
important points are discussed below, and 
references are given to the original memoirs. 
The reader is also referred to the general biblio¬ 
graphy at the end of the article. 

(1) The general arrangement is the same as 
that of the skeleton structure (XIII). Fischer’s 


X. 


XI. 
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formula (XIV) is not, however, based on a 
simple porphin structure, because the original 
double bond betwe^en Cg and Cg is saturated.' 
Chlorophyll is therefore a dihydroporphin deriva¬ 
tive, as first suggested by Conant (Conant and 
Kamerling, /.c., Conant, Chow and Dietz, 
J. Amer. (^hem. 8 oc., 1934, 56, 2186). These 
saturated asymmetric carbon atoms are the 
seat of the optical activity. In a recent paper 
(Annalen, 1936, 525, 259) Fischer and Lautsch 
have succeeded in removing the two “ extra ” 
hydrogen atoms quantitatively by means of 
silver oxide or silver acetate in acetic a(*id. 

(2) Carbon atoms 6 - and y- are connected to 
form a ryeZo-pentane ring, 'l^is ring contains a 
pseudo-acidic / 9 -ketonic ester grouping, in w'hich 
is the carbomethoxyl group which, as has already 
been mentioned, resists hydrolysis. It is this 
ring wdii(‘h is opened when chlorin-e is formed 
from phaeophorbide-a. The presence of the 
keto-group was i)roved independently by 
Fischer ct al. (Annalen, 1934, 508, 224) and 
Stoll and Wiedemann (Helv. Chim. Acta, 
1934, 17, 163) by the preparation of an oxime 
from methyl phaeophorbide-a. The presence of 
the ryeZopentane ring is dediKsed from Fischer’s 
work on phieoporphyrin-a^y^ 

C 34 H 34 O 5 N 4 , (XV, R^-CO^Me) 

(Annalen, 1929, 474, 65 ; 1930, 478, 54, 284; 
480, 197). This substance is prepared bj^ 
reducing phreophorbide-a to a leuco-compound 
by moans of hydriodic and acetic acids, followed 
by aerial oxidation. The whole process is an 
isomeric change, involving the reduction of the 
vinyl group on Cg, followed by the removal of 
the two “ extra ” hydrogen atoms on Cg and Cg. 
Phseoporphyrin-a^ easily loses its carbo- 
methoxyl group by ketonic fission to yield 
phylloerythrin (XV, R = H). 



XV. 

This substance (Marchlowski, Z. physiol. Chem. 
1929, 185, 8 ) is also formed by the biological 
degradation of (chlorophyll, and can be isolated 
from the faeces of ruminants. Its structure has 

' The position of the two additional hydrogen atoms, 
placed at C 5 and Cg above, cannot as yet be regarded 
as certain. For a possible alternative, see Chem. Soc. 
Annual Rep. 1935, 32, 392. Fischer proposes to dis¬ 
tinguish these dihydro derivatives, in which hydrogen 
atoms are added to the porphin nucleus, by the 
general term phorbin (Annalen, 1936, 624, 222). 

* The suffix -a implies the preparation from a 
derivative of chlorophyll-a ; the 5 refers to the number 
of oxygen atoms in the molecule. 


been established by Fischer by analytical 
methods (Annalen, 1931, 485, 1 ; 486, 107) and 
by synthesis '{ibid. 490, 91 ; 1932, 494, 86 ; 
497, 181). 

(3) The reasons for placing the phytyl group 
in the propionic acid side-chain, (C7), and hence 
the methyl group on the carboxyl adjacent to 
Cy are given by Conant and Hyde (J. Amer. 
Chem. Soc. 1929, 51, 3668; 193i, 53, 2382, cf. 
Fischer, Siis, and Klebs, Annalen, 1931, 490, 38). 

(4) The substituent group on C 2 in chloro¬ 
phyll and the phorbides is vinyl (and not ethyl, 
as in the corresponding porphyrins). It reacts 
additivcly (i) with diazoacetic ester (Fischer and 
Medick, Annalen, 1935, 517, 245) and (ii) with 
cold hydriodic acid in a stream of oxygen (“ 0 x 0 - 
rcaction,” Fischer and Hiedmair, Annalen, 1933, 
505, 87). The vinyl groups of the phorbides 
undergo the following changes in these reactions: 

(i) RCH:CH2-{ NgiCH COgMe 

-> RCH-CHg +N 2 

^CHFCOgMe 

(ii) RCH:CH.fHI-^ RCHI CHg 

-> RCH( 0 H)CH 3 

1 aerial 
oxidation 

RCOCH 3 

The Phase Test (Molisch.)—This is a colour 
reaction given by both forms of chlorophyll, and 
by derivatives such as the phorbides, phyllides, 
and chlorin-c, in whicdi the dihydroporphin 
(phorbin) arrangement is maintained. It is not 
given by porphyrins. An ethereal solution of 
chlorophyll or a derivative is shaken with methyl 
alcoholic potash. The colour changes from green 
to bright yellow-brown and then i)ack to green. 
The reaction is essentially an aerial oxidation, 
consuming two equivalents of oxygen (Steele, 
J. Amer. Chem. Soc. 1931, 53, 3171). A similar 
reaction occurs when an alcoholic solution of 
chlorophyll is evaporated to dryness or allowed 
to stand in contact with air. The chlorophyll 
is said to be allom.erised and loses its power of 
crystallisation (Willstatter and Utzinger, An- 
nalcn, 1911, 382, 129). This was first recognised 
as an oxidation by Conant et al. (J. Amer. Chem. 
Soc. 1931, 53, 359, 2382). The products formed 
in these reactions have been studied by Conant 
and by Fischer, but their chemistry is complex 
{cf. Chem. Soc. Annual Rep. 1935, 32, 385). 

Partial Synthesis of Chlorophyll. — As has 
already been mentioned, Fischer and his co- 
workers have synthesised phylloerythrin, (XV, 
R = H). For a complete synthesis of chloro¬ 
phyll it is necessary (i) to convert this into 
phmoporphyrin-ag (XV, R = C 02 Me) ; (ii) to 
isomerise this to ph»ophorbide-a; (iii) to intro¬ 
duce the phytyl group into the side chain on C 7 ; 
and (iv) to introduce the central magnesium 
atom into the phmophytin so formed. The last 
two stages have been achieved by Fischer et al. 
(Annalen, 1934, 510, 166 ; 1935, 619, 244) ; the 
remainder of the synthetic problem awaits 
solution. 

ChlorophylUh. —This differs from chlorophyll-ct 
in possessing an aldehyde group in place of 
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methyl on C 3 (formula XIV), but the structure 
has not been conclusively established. 

Bibliography. —R. WiUstiitter and A. Stoll, 
“ Untcrsuchungen iiber Chlorophyll,” Berlin, 
1913 ; H. Fischer in Oppcnhcimer’s ” Handbuch 
der Biochemie,” 1923, p. 351 ; 1930, 87 ; 1933, 
262 ; J.C.S. 1934, 245 ; R. P. Linstead, Chem. 
Soc. Annual Rep. 1935, 32, 362 ; 1937, 34, 375 ; 
for the occurrerujo of substances of the chloro¬ 
phyll series in organic minerals, see A. Treibs, 
Angew. Chem. 1936, 49, 682. 

R. P. L. 

CHLOROPHYLLASE is an enzyme of the 
esterase class discovered by Willstatter and 
Stoll (Annalen, 1910, 378, 18 ; 1911, 380, 148), 
which in ethyl alcoholic solution splits olf phytol 
from chlorophyll, forming ethyl chlorophyllide. 
The enzyme is widely distributed in leaves. It 
remains in the leaf residues after the chlorophyll 
has been extracted with alcohol. The method 
of preparation has been improved by Noat^k 
(Biochem. Z. 1927, 183, 135). It is inactivated 
in the loaf powder by dialysis, but restored by 
the addition of CaCIg. 

E. F. A. 

CHLOROPRENE ?;. Butadtenks ani> 

POLYOT.EFTNS (CO^’JTJOATED). 

CHLOROXYL. Cinchophen hydrochloride. 
Quinophan hydrochloride. Cinchophen is 2- 
phenyiquinoline-4-carboxylic acid, 

CeHgCoH.NCOOH 

(Mi Lilly^ London), B.P.C. 

CHLOROXYLONINE, C.^HgaO^N, an 
alkaloid occurring in East Indian satinwood 
(Fr. hois mtine) (Chloroxylon swiete7iia DC : 
Riitacea^). It crystallises from EtOH in 
colourless prisms, m.p. 182’-183^ [a]{f — 9 '' 18' 
(in chloroform), is soluble in excess of ammonia 
solution and is neutral to litmus. The salts are 
crystalline and dissociate in HgO ; aurichloride, 
B-HCl'AuClg, groups of reddish-yellow needles, 
m.p. 70°. Chloroxylonine contains four meth- 
oxyl but no hydroxyl groups (Auld, J.C.S. 1909, j 
95, 964). It produces dermatitis when applied 
to the skin and is the cause of this trouble some¬ 
times experienced by satinwood workers (Cash, 
Brit. Med. J. 1911, Oct. 7, and Bull Imp. Inst. 
1911, 9, 351). 

G. B. 

CHLORPICRIN or CHLOROPICRIN. 

(Trichloronitromethane), CCIg-NOg, is formed 
by the action of aqua regia on many organic 
compounds, e.g. cymene, styrene, etc. (Datta 
and Fernandes J. Amer. Chem. 8 oc. 1916, 38, 
1813), on acetone or the by-products of the 
acetone industry (Boyd, J.S.C.I. 1925, 44T, 222), 
and by the action of nitric acid alone on many 
aliphatic chloro compounds such as chloral 
and chloroform (D§,n^il$ and Soare, Bui. Soc. 
Rom$,na Stiint, 1932, 35, 53). It is most readily 
prepared by the action of chlorinating and 
oxidising agents on organic nitro compounds ; 
thus Green and Rowe obtained chloropicrin by 
treating nitro-p-phenylenediamine, dinitramline, 
nitro-acetyl-p-phenylenediamine, etc., with sod¬ 
ium hypochlorite. The oxidation of picric acid 
or its salts with chlorine and basic materials 
to yield chloropicrin forms the subject of many 


patents differing chiefly in the nature of the 
basic constituent which may bo a metallic oxide, 
carbonate, or borate (B.B. 142878), lime (U.S.P. 
1413198 ; see also Frahm, Rcc. trav. cliim, 

1931, 50, 1125), or bleaching powder (U.S.P. 
1327714, J 996388), etc. 

Chloropicrin is a mobile oil, m.]). ~69°C., b.p. 
112°C., of great chemical activity, solutions in 
organic solvents often depositing ammonium 
chloride in the light (Piutti, Gazzetta, 1921, 51, 
i, 145) or yielding other prodin^ts by photo¬ 
chemical reaction (Alexejewski, Chem. Zentr. 
1933, 1, 3683). Reducing agents readily attack 
chloropicrin, iron and hydrochloric acid giving 
a theoreti(!al yield of methylamino (Frankland 
et ah, J.C.S. 1919, 115, 159) while mercaptans 
are reduced with formation of disulphides 
(Nekrassow and Melnikow, Bcr. 1929, 62, fB], 
2091). Grignard reagents effect rey^lac-ement of 
the throe chlorine atoms by alkyl or aryl radicals 
accompanied by luminescence (Wedland, Z. 
Physik, 1906, 4. 417 ; Asling and Dufford, 
Physical Rev. 1933, 12 ], 44, 315). 

Chloropicrin is best recognised by the colour 
reaction with dimethylanilim^ ])a]>er or by the 
formation of nitrite on reduction with metallic 
(“alcium (Alexejew'ski, J. Chem. Ind. Russ. 1931, 
8, 50). Quantitative determination in the 

atmosphere is elfected either by al)sorption in 
acetic acid and reduction with iron, or by 
thernml decomposition, over potassium carbonate 
at 350°, the chlorine in both methods being 
estimated gravimetrically (Deekert, Z. Hyg. 
1929, 109, 485). 

Chloropicrin is highly ])()isonou 8 (toleration 
limit for man, 60 cu.mm, per cu.m, air (Flury, 
Z. ges. exp. Med. 1921, 13,567), causing lacihry- 
mation, coughing, vomiting and eventually 
de^ath by overwhelming edmna of the lungs. 
It has a corrosive action on the skin and fre¬ 
quently produces absc'csses (Underhill, Arch. Int. 
Med. 1919, 23, 753), exposure of wounds, cuts, 
etc., to its action invariably producing ulceration. 

The lethal properties of (diloropicrin have led 
to its wide use as a disinfectant (F. P. 677340), 
preservative (Pliicker, Z. Unters. Lebensm. 

1932, 63, 313), insecticide, fungicide, fumigant, 
etc. Its ready detection recommends it as a 
warning agent in illuminating gas (G. P. 
447655) and in hydrogen cyanide (Zentr. 
Gewerbehyg. u. Unfallverhutung, 1927, 14, [3], 
65 ; U.S.P. 1949466). It has found many other 
uses, among which may be mentioned its use in 
veterinary practice (Chem. Rep. U.S. Dept. 
Agr. 1924, 12), the purification of vaccines (F.P. 
612075), and the extermination of rats, foxes 
and other pests (Compt. rend. Acad. Agric. 
PYance, 1921, 7, 568). Among purely chemical 
uses may be mentioned its employment in the 
manufacture of crystal violet (U.S.P. 1402195) 
and as an oxidising agent in the synthesis of 
quinoline and derivatives (B.P. 198462). Chloro¬ 
picrin has been used in gas warfare and is 
regarded as the typical gas of the non-persistent 
deadly type (v. Chemical Wakfare). 

Literature. —Review of important work up to 
and including 1931, Jackson, Chem. Rev. 1934, 
14, 251. Complete summary 1848-1932, United 
States, Dept, of Agric., Miscellaneous Publi¬ 
cations, No. 176. 
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CHLORQUINOL, 2 -chloro-1:4-dihydro8cy- 
bonzene, m.p. 106°, b.p. 263°. 

CHLORYLEN. A brand of trichlorcthylene. 
Used as an antineuralgic {Scherhigy London), 
B.P.C. 

CHOCOLATE, from the Mexican word 
“ Chocolatl,” is the term apjdied to certain tyy^es 
of cocoa jireparations intended for human con¬ 
sumption, either in the form of a beverage or as 
a confection. No legal standards have been 
adopted in the United Kingdom, although pro¬ 
posals to this effect have been made (e.g, R. 
Whymper, Congress of Cocoa and Clioc^olate 
Makers, Berne, 1911, and N. P. Booth, Seventh 
International Congress of Aj)j)Iied Chemistry, 
1909). The majority of chocolate preparations 
contain sugar, but some, usually prepared for 
special purposes, are unsweetened or have 
saccharin as tlie sweetening agent. Those to be 
consumed in the form of beverage often contain 
a certain proportion, about 20%, of arrowroot 
or some other farinaceous substance. They may 
be in block form or as finely ground powder. 
The larger proportion of chocolate, however, is 
in the form of confectionery and this also falls 
into well-defined classes. 

Manufacture .—The most simple typo is 
what is usually known as plain chocolate, con¬ 
sisting essentially of cocoa and sugar. The cocoa, 
in the form of block cocoa from fermented beans 
{see Cocoa), is first prepared by grinding in a 
mill between granite or steel rollers at a tempera¬ 
ture (approximately 3r)°-40°C.) sufficiently high 
to melt the cocoa butter prc'sent and to reduce j 
the whole to liquid form. In order to give a 
product which is smooth to the taste, the ^ 
particles of fat-free cocoa must be ground as 
finely as j)()8sible. Mason (Analyst, 1933, 58, 
440) states that in well-known proprietary brands 
the maximum length of the particles varied from 
1 to 200/ll. The sugar used in the manufacture 
of good class chocolate consists of white high- 
grade crystals, while in lower quality choco¬ 
lates an inferior grade is sometimes used. It 
should bo dried and ground to a fine jjowder 
and may, with advantage, be warmed pre¬ 
viously to admixture, in order to maintain the 
temperature of the mass. In special cases where 
sugar is inadmissible, as in chocolate intended 
for use by diabetic subjects, the sugar is replaced 
by saccharin. It is then usual, in order to 
give the necessary body to the chocolate, to 
add some form of meal or flour (preferably 
leguminous) and pea, bean, or linseed meal are 
preferred for this purpose. Flavourings, chiefly 
vanilla, but less frecjuently cinnamon, cloves, 
mace, nutmeg or their essential oils, are almost 
invariably added, usually in alcoholic solution. 
In the cheap forms of plain chocolate substances 
are used which many regard as adulterants. 
Chief among these are w'heat or potato flour, 
rice, arrowroot, dextrin and ground cocoa shell. 
Milk chocolate is prepared by including in the 
molten mass a certain quantity of dried milk 
pow'der. Although, of course, the proportions 
used by different makers vary greatly, the 
following may be regarded as a typical com¬ 
position : 15% fat-free cocoa matter, 25% 

cocoa butter, 40% sugar, and 20% milk powder. 
Nuts, chiefly hazel or almond, are often incor¬ 


porated in plain or milk chocolate, to give nut 
chocolate and nut milk chocolate. All these 
forms of confectionery chocolate are run, whilst 
still in a molten condition, into moulds, giving, 
on cooling, bars, blocks, cakes and numerous 
fancy shapes. 

Many types of chocolate confectionery are 
manufactured and sold, in which the chocolate 
forms an envelope or covering for other sub¬ 
stances such as creams, biscuits, dried fruits, 
nuts, fruit jelly, liqueurs, and medicinal prc])ara- 
tions such as pills. The most important of these 
fancy preparations are the (Teams. The interior 
' cream is made either of })ow'dered sugar or a 
mixture of this with glucose, with or without 
flavouring and colouring materials. The mix¬ 
ture is heated until it melts and, while in the 
liquid state, is poured into starch moulds of the 
desired shape on a table which can be agitated 
by mechanical means. On ((ooling, the creams 
set into a stiff granular mass. They are then 
coated with the hot liquid chocolate paste. In 
order to remler the paste more mobile when 
heated and to give smoothness to tiie finished 
article, additional fat is added to the chocolate. 
This may be either cocoa butter or a sul)stitiite 
fat such as illipe. The covering is effected 
either by dipping the creams in the paste or by 
pouring the latter over the creams, uniformity 
l)eing increased by means of the rocking table. 
In recent years machinery has been devised, 
and is now in use, to carry out thc^ covering 
process. 

Chemical Examination .—The chemical ex¬ 
amination of chocolate follow's well-defined lines, 
the principal features being the extraction, 
determination, and examination of the fat, the 
determination of the percentage of sugar, and a 
microscopi(;al examination of the fat-free residue 
which will indicate the necessity for the deter¬ 
mination, if present, of cocoa shell or farinaceous 
matter. In the case of chocolate-covered goods 
the covering and interior are se 2 )arat('d, the 
proportions (leterrnined, and the two parts then 
examined independently. 

Owing to the extensive use of substitutes for 
cocoa butter the complete extraction of the fat, 
not only for the determination of the 2 )roportion, 
but also for its subsequent examination, is a 
matter of considerable importance. The Soxhlet 
method, using light petroleum as a solvent, 
takes considerable time, and various methods 
have been suggested, for all of which raj^idity, 
without loss of accuracy, is claimed. Bloomberg 
suggests extraction for 4 hours with anhydrous 
ether. In 8uj)i)ort of this, Finche (Bull. Off. 
intern, fabr. choc. 1932, 2, 327) states that, if 
there is a possibility of a substitute fat being 
present, ether is preferable to light petroleum, 
as the latter will not dissolve out the wax which 
is likely to be present in the adulterant fat. 
Lepper and Waterman (J. Assoc. Off. Agric. 
Chem. 1925, 8 , 705), however, state that jme- 
liminary drying is necessary and, further, that 
the method is inaccurate owing to the extraction 
of theobromine and other substances. They 
suggest a method of exhausting the sample by 
several extractions with light petroleum, collect¬ 
ing the extract in a tared Erlenmeyer flask, and 
evaporating the solvent, drying, and weighing 
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in the usual manner. Hughes (Chem. News, 
1919, 119, 104) suggests that the sample should 
be subjected to two preliminary w^ashings with 
50% alcohol, the mixture being centrifuged and 
the liquid decanted off. The process is then 
repeated several times with a mixture of equal 
volumes of ether and light petroleum, the suc¬ 
cessive ethereal layers being decanted off into a 
tared flask, the solvents evaporated and the 
fat dried and weighed. In order to avoid 
the evaporation of the solvent and the weigh¬ 
ing of the dried residue, Hasso and Bake 
((/hem.-Ztg. 1923, 47, 557) suggest the extraction 
of the fat by a mixture of equal volumes of ether 
and methyl ethyl eth(*r. The difference between 
the respective refractometer readings of the solu¬ 
tion and of the solvent is referred to tables 
which give the appropriate percentage of fat. 
Ituffy (Mitt, Lebensm. Ilyg. 1926, 17, 75) 
has attempted, with some slight modification, 
to apply the Gerber method of estimating fat 
in milk, cheese and meat. The proscnco of sugar 
in the chocolate presents a complication on 
account of its carbonisation by the sulphuric 
acid. It is claimed that this has been overcome 
by treating 3-5 g. of the chocolate with 20 nd. of 
ether in a strong walled tube. The mixture is 
w'ell shaken and centrifuged ; 10 ml. of the clear 
liquid can then be transferred by a pipette to a | 
butyrometer containing 13 ml. of sulphuric acid 
(density 1-5). This is shaken vigorously, centri¬ 
fuged for 5 minut(‘s, and the reading taken. 
Hiirtel and Jaeger (Z. Nahr.-Genussm. 1922, 44, 
291) suggest that the total fat should bo ex¬ 
tracted from milk chocolate with light petroleum 
and its K-eichert-Mcissl value determined. This 
value, multij)lied by the percentage of fat and 
divided by thirty, gives the proportion of milk 
fat, which is taken to be one-quarter of the whole 
milk solids. In a later communication, how¬ 
ever, Hiirtel {ibid. 1924, 48, 32) states that if a 
certain kind of milk pow der has been used, it is 
impossible to obtain all the fat by extraction 
with ether or light petroleum. In considering 
the fat extracted from milk chocolate, the 
possibility that skimmed milk has been used 
should not be ignored. The butyric and saponi¬ 
fication numbers afford a reliable and rapid 
indication of this. 

The proportion of sugar present can readily 
be determined by the polarimeter, after clarify¬ 
ing the solution with basic lead acetate. For 
accuracy in this method von Fellenberg and 
Ruffy (Mitt. Lebensm. Hyg. 1932, 23, 6 ) state 
that certain precautions, which they describe, 
are essential, owing to the disturbing effect of 
the fat-free cocoa matter. Macara and Hinton 
(Congr^s. Intern. Fabr. Chocolat. et Cacao, 
1930, 341) have made an extensive investigation 
of the subject and evaluated the various known 
methods for plain and for milk chocolate. The 
examination of the latter presents special 
difficulty, owing to the varying and uncertain 
character of the milk used in manufacture. 
Hartel and Jaeger {l.c.) give a method in which 
the amount of milk solids is determined from 
the content of milk fat (v. supra). Whilst the 
determination of the lactose must be made on the 
original substance, the proportion of casein can 
be determined by treating the fat-free dry residue 


with sodium carbonate, as described in the paper. 
This is elaborated by Beythien and Pannwitz (Z. 
Nahr.-Genussm. 1923, 46, 223) who state that 
the ratio of casein to lactose in twenty milk 
chocolates varied from Id 6 to 2*74. A method 
of determination of the milk content of choco¬ 
late, based upon the proportion of CaO in the 
ash, is suggested by Grossfeld {ibid. 1922, 44, 
240). 

The presence of lecithin in cocoa and its pre¬ 
parations is of technical, and therefore of 
chemi(‘al, iniportance. Although the reason is 
not clear, the presence of lecithin ])romo 1 cs the 
mobility of hot cocoa or chocolate mass, but 
this is not so marked when milk has been added. 
Nottbohm and Mayer (Z. IJnters. Lebensm. 
1933, 65, 55) have stated that free lecithin is 
absent from cacao beans but that choline from 
phosphatides, other than lecithin, may occur in 
the alcoholic extract, possibly produced by the 
action of the hot alcohol or l)y the roasting 
process. It is generally accepted, however, 
that some lecithin is present in the (*ocoa mass 
in varying proportions under 1 %. The pro¬ 
portion is sometimes increased by the addition 
of commercial lecithin, thus making possible the 
extraction of an additional 5% of fat without 
I loss of mobility in the hot mass. Various 
methods for the determination of lecithin have 
been proposed, one being the Soxhlct cxtraidion 
with alcohol, the solvent being evaporated off 
and the residue treated with 30% HgOg and 
sulphuric acid. I’he solution is then neutralised 
with ammonia and the phosphate from the 
lecithin precijiitated with a mixture of strychnine 
nitrate and ammonium molybdate. The pre¬ 
cipitate is filtcied, dried and weighed. Winkler 
and Sale (J. Assoc. Off. Agric. CUiern. 1931, 14, 
537) after extracting with alcohol and light 
petroleum, take up the dried extract with chloro¬ 
form, add alcoholic potash, and evaporate again 
to dryness. The residue is then taken up in 
nitric^ acid and the P 2 O 5 determined. Avent and 
Morgan (J. 8 .C.I. 1932, 51, 169) consider that 
the best solvent to use in the extradion is a 
mixture consisting of four parts of benzene and 
one of alcohol. 

If the microscopic examination of the fat-free 
residue indicates the presence of foreign starch 
or shell, the former can be estimated by the 
ordinary diastase method, allowance being made 
in the calculation of the result for approximately 
14% of starch in the fat-free cocoa material, 
although it is better to make an independent 
determination of this value. The proportion 
of shell can be estimated by determination of 
the crude fibre, allowing for 610% in the fat- 
free rib and 18*25% in the fat-free shell, although 
in this case also an independent determination 
of the standards is to be advised. Offutt (J. 
Assoc. Off. Agric. Chem. 1932, 15, 546) suggests 
certain modifications which render the fibre 
method applicable to milk chocolate. Jensen 
(“ The Chemistry, Flavouring and Manufacture 
of Chocolate Confectionery and Cocoa ”) quite 
properly emphasises the point that the fibre 
determination alone is probably only positive 
when over 25% of shell is present. A more 
decisive analytical interpretation may be placed 
upon the ratio of the nitrogen to fibre which 
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differs very considerably for nib and husk; 
fibre/nitrogcn for the former being 0-98-1-27, 
av^erage 1-2, and for the latter G S-G O, average 

1 he dietetic value of chocolate has often been 
emphasised and has been the 8ubj(*ct of con¬ 
siderable discussion. Knapp (“ (Jocoa and 
Chocolate,” 1920), quoting from the Journal of 
the Koyal Agricultural Society of 1914, states 
that the food value ” of the cacao bean is 
represented by 183 units as compared with 
turnips 8, carrots 12, potatoes 20, rice 102, 
wheat 100, peas 113, and oatmeal 117. Ho also 
quotes the United States Department of 
Agriculture to the effect that the fuel value in 
Ib..calories of cocoa (0-5 oz. to 1 pint of water) 
is 65 compared with tea (0 5 oz. per pint) 15, 
and coffee (1-0 oz. per pint) 16. The figures 
represent the products without milk or sugar. 
Jfe states that 1 pint of cocoa made of one-third 
milk, ^ oz. of cocoa, and 1 oz. of sugar would 
have a fuel value of J20 calorics, and is therefore 
equivalent, in this respect, to lb. of beef or 
^ Knapp further quotes data showing 

that eating chocolate has 2,538 calories per lb. 
compared with sugar 1,815, oatmeal 1,811, 
bread 1,180, beef steak 960, eggs 594, milk 314, 
potatoes 302, apples 214, and cod fish 209. 
Sasaki and Wakayama (d. Agric. Chem. Soc. 
Japan, 1932, 8, 160) found that plain chocolate 
contained antineuritic vitamin B, 3 g. of choco¬ 
late per day being enough to cure antineuritic 
vitamin deficiency in pigeons. Jensen (/.c.), 
however, considers that the vitamin content of 
ordinary plain chocolate is unimportant, but 
the consumption of good class milk chocolate 
ensures valuable calcium and i>hosphorus assimi¬ 
lation by the definite vitamin D activity. 
Vitamin A is also present in proportion which 
increases the food value of milk chocolate. 

D Cl H T 

CHOCOLATE FATS (Confectionery 
Fats). Under this name may be grouped those 
fats which are employed in the manufacture of 
chocolate and confectionery, for which purposes 
a non-greasy, digestible fat, which displays a 
peculiar hard and brittle consistency (“ snap ”) 
together with a relatively low melting-point (not 
over 37'-38°C.) is required. This parti(jular 
combination of properties is well exemplified 
by cacao-butter (q,v.), which is both the 
typical and most-prized fat of this class, and 
is employed for the highest grades of chocolate, 
etc. ; but for cheaper products, cacao butter 
may bo replaced, either wholly or in part, 
by cheaper substitutes. Animal fats, which 
were used in earlier days, are liable to impart 
an unpleasant “ animal flavour ” to the choco¬ 
late, and at present only edible fats of vegetable 
origin are employed. Among the most impor¬ 
tant of these are Borneo (illipe) tallow {q,v.) 
(which, apart from its faintly greenish colour, 
closely resembles cacao butter in physical 
properties, and forms an excellent substitute) 
and the refined and deodorised “ stearins ” 
prepared from coconut and palm-kernel oils 
by removing the softer portions of the fat 
by expression ; in addition, babassu and 
murumuru fats (v. Coconut Oil Group) and 
sometimes shea fat and other “ vegetable 


butters ” or “ green butters ” are used, and, 
more recently, hydrogenated coconut and palm- 
kernel oils ; the latter are harder than the corre¬ 
sponding natural fats, and are also claimed to 
assist in the prevention of “ sugar-bloom ” of 
chocolates. The use of hydrogenated oils, such 
as arachis, cottonseed or sunflower-seed oils, of 
appropriate melting-point has been proposed, 
but as a rule the texture of such produc'ts is not 
satisfactory. The use of Dika fat (q.v., from the 
seed kernels of species of Jrvingia), which 
possesses a suitable melting-point and “ snap ” 
has also been suggested from time to time (cf. 
Baudon, Bull. Mat. Grasses, 1926, 10, 38). 

It may be noted that the definitions for 
chocolate products adopted (the English delega¬ 
tion dissenting) by the International Congress 
of Manufacturers of Cocoa and Chocolate at 
Antwerp (1030) intentionally imply a prohibition 
of the use in ” chocolate ” of fats other than 
expressed ca<;ao butter : the veto also extends 
to the use of solvcmt-extracted cacao fat or the 
fat from the germs and shell of the cacao bean. 
Similar standards have been ado])tc'd or are 
under consideration in the food legislation 
of marjy countries, including Austria, Belgium, 
Germany, Italy, the United States, Switzerland, 
France, New Zealand and South Africa, which in 
general forbids the undeclared inclusion in choco¬ 
late products of all fats other than expressed 
cacao butter (apart , of course, from the incidental 
introduction of milk fat or nut-fats associated 
with the corresponding ingredients of milk or 
nut chocolates). The Imperial Eeonomic Com¬ 
mittee in its Report on ” Cocoa ” (22nd Kept. 
88/503/22, 1932, H.M.S.O.) has recommended 
that analogous legislation forbidding the use 
of more than a small proportion of cacao butter 
substitutes in the manufacture of chocolate 
pastes, 6‘tc., should be enacted in the British 
Empire ; the provision of a small margin for 
other fats is suggested in accordance wdth 
the amendment of the English delegates to the 
Antwerp Congress, in order to allow the non- 
fraudulent inclusion of wholesome materials 
which might genuinely improve the product. 
Up to the present (1938) no legislative steps 
have been taken to implement the Committee’s 
nurommendations in the United Kingdom, where 
the chocolate manufacturers regard such 
regulations as undesirable. 

E L 

o/ZoCHOLANIC ACID v. Cardiac Glyco¬ 
sides (Vol. II., p. 383o). 

CHOLELYSE. A preparation of oleic acid 
for cholelithiasis (carbon). 

CHOLESTEROL is a member of a group 
of naturally occurring unsaturated secondary 
alcohols, containing a nucleus of four reduced 
rings. The presence of some one of these sterols 
seems to be essential to the life of all cells, but as 
yet little is known as to the part they play 
in metabolism. In the tissues of animals, with the 
exception of certain invertebrates, cholesterol is 
present and appears to be synthesised in vivo. 
Sitosterol and stigrmsterol occur in plant cells 
and the highly unsaturated ergosterol is a 
characteristic of many fungi (c.g. yeast, ergot, 
moulds). 

In 1775, cholesterol was discovered by Conrad! 
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in gall-stones, of which it forms the chief con¬ 
stituent. It occurs either free or as its fatty 
acid esters in all animal tissues; brain and 
nerve tissue, suprarenal glands and egg yolk are 
particularly rich in it. It is readily extracted 
from gallstones ; it may be prepared by grinding 
up sheep’s brain or other animal raw material 
with sand and plaster of Paris, or the minced 
tissue may be dried at 100°, ground in a coffee mill 
and the mass extracted with ether or acetone. 
The residue from the extract, after removing the 
solvent, is saponified with alcoholic potash, the 
alcohol distilled off and the cholesterol separated 
by extraction with ether. The formation of 
emulsions may be largely avoided by saponifying 
the ether extract of the tissue with an alcoholic 
solution of sodium cthoxide at ordinary tem¬ 
perature. After filtering oft' the compact 
mass of soaps wdiich separates, the cholesterol 
crystallises out on concentrating the alcohol- 
ether filtrate. 

Properties.—-Cholesterol is insoluble in water, 
sparingly soluble in cold, easily in boiling alcohol 


(sp.gr. 0-87), and in CHClj, ether, CSg, less 
soluble in acetone, petroleum, benzene and 
glacial acetic acid. It is soluble in fats, fatty 
acids, and in solutions of bile salts. 11 crystallises 
from ether or CHClg in silky needles, m.p. 150° 
(corr.), from 90% alcohol it forms characteristic 
plates, containing one molecule water of crys¬ 
tallisation. Sp.gr. 1-046 ; optically active; 
Md “31*12° in ether solution, —36-61° in 
CHCI3. Sublimes unchanged at 200°, but is 
decomposed at higher temperatures, hydrogen 
being evolved at 300°-320°. Distils unchanged 
in vacuo. 

Constitution, —Our knowledge of the structure 
of cholesterol is based on a long series of 
researches initiated by Mauthner in 1803 and 
carried out by, amongst others, Diels, Borschc, 
and especially by 'Windaus and his co-workers 
from 1903-1032. The formula which now finds 
general acceptance is a modification by Wieland 
and Dane (Z. physiol. Chem. 1932, 210, 268) of 
that advanced by Rosenheim and King (Chem. 
and Jnd. 1932, 51, 464, 954). 



The connection with the bile acids first! Oxidation. — Various oxidising agents, e.g. 
suggested by Lifschutz (13cr. 1914, 47, 1459) nitric and chromic acids, have produced a long 
was definitely established by Windaus and Neu- series of oxidation products some of which are 
kirchen (Her. 1919, 52, [B], 1915); the researches referred to below. By the action of ozone an 
of Wieland and his colleagues on the structure of ozonide containing 7 atoms O is formed (Doroe 
the bile acids have led to the identification of a and Gardner, J.C.8. 1908, 93, 1328; 1909, 95, 
series of degradation products, common both to 638; 1916, 109, 46). 

cholesterol and the bile acids, which has been The Presence of a Secondary Alcohol Group 
of the greatest importance in establishing was proved since the ketone cholestcnone (m.p. 
their constitutions. The similarity of the 78°) was formed by oxidation with CuO at 
structure of these substances with that of the 300° (Diels and Abderhalden, Ber. 1904, 87, 
group of sexual hormones is also of physiological 3092) or by oxidation of cholcsteryl bromide 
importance. with chromic acid in acetic solution at 70° 

Hydrogenation. —Reduction with platinum (Windaus, Ber. 1906, 36, 518) and removal of the 
and hydrogen gives cholestanol (dihydrochole- Br by zinc and acetic acid ; in the latter reaction 
sterol), m.p. 142° (Willstatter and Mayer, Ber. Tschesche has shown that the ethenoid link in 
1908,41,2199), of which coprostanol (coprosterol) cholestenono has moved from the 5:6 to the 4:5 
occurring in the intestines is an isomeride position. 

(Doroe and Gardner, J.C.S. 1908, 93, 1625). The Position of the Ethenoid and Secondary 
Reduction with nickel and hydrogen at Alcohol Groups. —Originally Windaus postulated 
200° gave a mixture of dihydroderivatives, the presence of a terminal vinyl group ; if, how- 
3- and c-cholestanols; 8-cholestanol on boiling ever, cholesterol is oxidised with fuming nitric 
with amyl alcohol and sodium amyl oxide gave acid(Windaus, Ber. 1903,36,3752; 1917,50,133) 
coprosterol, separated as the digitonide and and the unsaturated nitro-derivative obtained 
recovered from this by boiling in xylene treated with zinc and acetic acid, nitrogen is 
(Windaus, Ber. 1916, 49, 1724). 8- and c- removed as ammonia and the keto-alcohol, 

Cholestanols were shown to be the isomeric cholestanonoly C 27 Hjq 02 (m.p. 140°), is formed, 
forms of cholestanol and coprostanol respec- which on further oxidation with chromic acid 
tively which depend on the inversion of the O H gives cholestanedione (m.p. 170°-171°); this 

group. Neither 8- nor c-cholestanol gives a may also be obtained by oxidising cholesterol 
precipitate with digitonin and they should now with cold chromic acid or KOBr solution to 
be known as cjpicholestanol and cj^tcoprostanol chokstaniriol, oxidising further to cholestanone- 
respectively. diol, splitting off water and reducing the 
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cholestenediono thus formed (Windaus and 
Kirchncr, Ber. 1920, 53, f BJ, 614). 

If choJestanonol is converted to the corre¬ 
sponding chloroketone, the latter on oxidation 
and reductioji yields a C 27 dibasic acid v'hich on 
further oxidation is converted t o a tetrabasic acid 
containing 27 C atoms, and which does not lose 


CO 2 on heating. The carbinol and ethenoid 
groups must therefore be in separate rings, and 
since no two carboxyl groups can be attached to 
the same carbon atom, the —CH:CH— and 
—CH-OH groups must also be separated by at 
least two carbon atoms (Windaus arul von 
Staden, Ber. 1921,54, [BJ, 1059). 
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Dibasic acid, C27H4gOj5. 
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Tetrabasic acid, Cj7H440g. 


Structure of the Side-chain .—Oxidation of 
cholesterol with nitric acid led to the isolation 
of a series of products amongst which Windaus 
(Z. physiol. Chom. 1918, 102, 160; Windaus 
and Resau, Ber. 1913, 46, 1246) identihed 
dinitrozA'opropane, and acetic, succinic, methyl 
succinic, and a-glutaric acids, acetone, hydroxy- 
iisobutyric acid, methyl isohexylketono and iso- 
octane, each of which may be regarded as derived 
from an 8 -carbon side-chain having the structure 
■—CHMelCHgVCHM Cg. Since acetone and 
cholanic acid are formed by the oxidation of 
coprostane, which is known to contain the same 
side-chain as cholesterol, this structure for the j 
side-chain was confirmed when Wieland, Jacobi, 
and Schlichting (Z. physiol. Chem. 1926, 161, 
80), by means of alternate Grignard condensa¬ 
tions and oxidations, removed successive 
carbon atoms from the side-chain of cholanic 
acid until finally setiocholanono, 




CO 

I 

'CH, 


(m.p. 105°), was left, the ketone group being 
present in ring IV, to which the side-chain was 
attached. 

Ring Structure of the Nucleus .—Up to 1931 
the presence of two reduced rings had been 
established in the cholesterol molecule. Ili- 
hydrocholesterol on oxidation gave the dibasic 
acid C 27 H 4 g 04 , which on heating lost COg and 
water, giving a cyclic ketone, C 2 gH 440 , and 
this on further oxidation gave a Cgg-dibasic acid, 
which lost water on heating, forming a cyclic 
anhydride. To ring I, therefore, by Blanc’s rule a 
cyclohexane structure was assigned (Windaus 
and Dalmer, Bor. 1919, 52, [B], 162). When 
cholestene, containing the unsaturated link in 
Ring II, w'as converted through its nitro-deriva -1 
tive to a ketone and the latter oiddised, the j 


dibasic acid produced was converted to an anhy¬ 
dride and by applying Blancf s rule that a 6 -carbon 
chain dibasic acid {e.g. adipic^ on heating gives a 
cyclic ketone and a 5-carbon dibasic acid {e.g, 
glutaric), an anhydride, a 5-carbon ring structure 
was attributed to Ring 11. The same reasoning 
led to a 5-carbon ring structure being later attri¬ 
buted to Ring IV. The applicability of the Blanc 
rule to the determination of ring structure was 
criticised by Rosenheim and King (Chem. 
and Ind. 1932, 51, 464) and on other grounds a 
6 -carbon ring structure is now attributed to both 
Rings I and II. Evidence that Rings III and 
IV are present in the nucleus of cholesterol 
was supplied by the work of Wieland and his 
colleagues on the bile acids {q.v.). By bacterial 
reduction of cholesterol in the intestines, copro¬ 
sterol, isomeric with dihydrocholesterol, is 
formed. This gives on reduction pseudochole- 
stane (isomeric with cholestane) which on oxida¬ 
tion yields a cholanic acid identical with that 
obtained from the cholic acid of bile. The three 
hydroxyl groups of the latter may be reduced 
giving C« 4 H 4 q 02 , cholanic acid. The saturated 
hydrocarbon, cholestane, C 27 H 4 g, obtained by 
complete reduction of cholesterol (Mauthner, 
Monatsh. 1907, 28, 1113; 1909, 30, 635) 

yields on oxidation acetone and crystalline 
cholanic acid, C 24 H 40 O 2 (Windaus and Neu- 
kirchen, Ber. 1919, 52, [BJ, 1915) isomeric with 
bile cholanic acid. The empirical formula 
C 27 H 48 for the saturated hydrocarbons chole¬ 
stane and coprostane, itself indica ted the presence 
of a 4-ring system (Diels and Linn, Ber. 1908, 41, 
544). Further knowledge as to the structure of 
the skeleton of the sterol nucleus was supplied 
by the work of Diels et at. (Ber. 1927, 60, [BJ, 140; 
Annalen, 1927, 459, 1) on the dehydrogenation 
products of cholesterol and cholic acid. 
Mauthner and Suida (Monatsheft. 1896, 17, 29) 
obtained as thermal decomposition products of 
cholesteryl chloride, a mixture of hydrocarbons 
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of the formula CjgHgg, which no longer con¬ 
tained the 8 -carbon side-chain of cholesterol; 
from the dehydrogenation products of this com¬ 
pound by hydrogen and selenium at 240*^-310°, 
Diels isolated chrysene. Cholesterol similarly 
treated gave chrysene and two hydrocarbons, 
CigHig and 025 ^ 24 - 1 ’he presence of four rings 
in the nucleus was therefore established. The 
hydrocarbon CjgHjg was identified by Kosen- 
heim and King and by Kon as 3-raethylcyclo- 
pentenophenantlirene. In chrysene, the Me 
group at position 13 in cholesterol has entered 
the 5-carbon ring IV forming a 6 -carbon ring. 
^ 2 n ^24 identified as a pentacyclic hydro¬ 

carbon, formed by ring closure betw^een the 
terminal side-chain and the nucleus, thus giving 
ev id (‘Tice as to the position of attachment of 
the side-chain. The grouping 



must, therefore, be present in the cholesterol 
moh'cole. 

When it had been established that the nucleus 
contained 17 C atoms, the side-chain 8 C atoms, 
2 C atoms remain to be accounted for. 
Evidence has been given above that a methyl 
group occurs at position 13, and the other methyl 
group is placed at i)oaition 10 for the following 
reasons, wlien ring 1 of the cliolesterol molecule 
was broken down step by step to a monobasic 
acid by the action of Grignard’s reagent this 
acid was very difficult to esterify indicating 
that a tertiary carbon atom containing a methyl 
group was probably adjacent to the COOH 
group. For this and other reasons position 10 
has been assigned to the second methyl group. 

X-ray examination of the sterols by Bernal 
(Chem. andind. 1932, 51, 466) showed that the 
previously accepted formula} did not accord with 
the crystallographic measurements, whereas 
Kosonheim and King's formula (ibid, 464) is 
supported both by the crystallographic measure¬ 
ments and the optical evidence. 

Isomeriam in the Cholesterol Series .—A large 
number of isomeric derivatives exist. Structural 
isomerides arise from variation in the position of 
the double bond. Stereoisomerides due to the 
inversion of the OH group occur and may bo 
differentiated by the action of digitonin, those 
containing the O H group in the same position as 
cholesterol being precipitated by digitonin, no 
such precipitate being formed when the OH 
group is in the inverted position. Stereoisomer¬ 
ism due to the relative position of Rings I and II 
also takes place. Thus cholesterol and cholo- 
stene may be converted to coprosterol and copro- 
stene by the action of HCI. Cholestane and 
its derivatives are regarded as the fran«-deriva- 
tives; the coprostane series as the citf-com- 
pounds. Windaus (Ber. 1904, 87, 4753) pre¬ 
pared isomeric oxyketodibasio acids, Ca 7 H 420 g, 
one forming a lactonic acid (m.p. 192°-193°) 


which on heating with potash gave an oxyketo 
acid incapable of lactonisation (tratis form), and 
concluded that the reduced ring structure must 
be capable of cisdrans isomerism. 

Nomenclature .—Considerable confusion exists 
in the nomenclature of the cholesterol deriva¬ 
tives since names were given before the relation¬ 
ships of the various compounds had been eluci¬ 
dated. It has been suggested by Rosenheim and 
King (Chem. and Ind. 1934, 53, 91) that certain 
useful simplifications showing structural con¬ 
nections should now be made. The term pseudo 
has been used to denote both steric and struc¬ 
tural isomerism ; it seems desirable now to use 
the term “ epi ” for all substances formed by 
steric inversion of the OH group, e.g. epi- 
cholestanol, epicoprostanol, these substances 
do not give insoluble digitonides. The term 
copro should bo given to the cis- derivatives 
related to coprosterol ; some of the changes 
involved would bo: 


01(1 noiiK'nclature. 

.New lumiendature. 

(C’is- derivatives.) 

{C'is- derivatives.) 

Coprosterol (saturated 

Coprostanol 

alcohol) 


Allocholeaterol (un¬ 

Coprostenol 

saturated alcohol) 


Coprostanone 

Coprostanone 

Coprostenone 

Coprostenone 

Pseudocholos lane 

Coprostane 

Pseudocholestene 

Cholostene 


Cholesteryl Esters. —'J’liusc of the lower fatty 
acids are prepared by boating cholesterol with 
the anhydrides of the acids; those of the 
higher fatty acids by boihng the cholesterol 
with the acid and a dehydrating ag(uit. These 
substancc^s on melting form anisotropic liquids, 
many of the esters having three stable liquid 
phases. The acetate melts at 114°, the 'pro- 
pionate at 98°. The be.nzoate melts at 144°-145° 
to a turbid liquid which examined with the 
polariscope shows definite crystal structure and 
at 178° passes to a clear liquid, the p-nitrobenzo- 
ate melts at 189°, \)~aminobe.nzoate at 238°. 
The laurate can be heated several degrees above 
its melting-point without melting (Shriner and 
Ko, J. Biol. Chem. 1928, 80, 1). 

Detection .—Cholesterol crystallises in charac¬ 
teristic thin rhombic }>lates from 90% alcohol. 
Under the microscope they often show notched 
angles and exhibit a curious overlapping 
arrangement. A number of colour tests are 
given by the unsaturated sterols ; the most 
important for cholesterol is Salkowski’s test, 
in which 2 c.c. of a CHCI3 solution of 
cholesterol are shaken with an equal volume of 
cone. H2SO4, the CHCI3 ayer passes through 
blood-red and cherry-red to purple, which 
lasts for several days ; poured into a basin, it 
becomes successively blue, green and yellow 
owing to absorption of water. The sulphuric 
acid layer is strongly fluorescent. 

Iodine Value .—This may be satisfactorily 
determined by Hubl’s method if the conditions 
are closely defined ; Wijs reagent gives variable 
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and much too high results, owing either to 
substitution or, according to Schoenheimer, 
because re-formation of the double bond takes 
place with liberation of iodine (J. Biol. Chem. 
1935, 110, 461). The resin acids also give 
abnormally high values with Wijs solution. 
The anthracene hydrocarbons react similarly 
with Hiibl and Wijs roage^nts, whereas the phen- 
anthrenos give much higher values with Wijs 
than with the Hiibl solution (Smedley-MacLean 
and Thomas, Biochem. J. 1921, 15, 321). 
Dam recommends a solution of bromine and 
pyridine sulphate (8 g. Br, 10 g. cone. H2SO4, 
and 8 g. pyridine per litre) (Biochem. Z. 1924, 
152, 101). 

Estimation. —The total amount of cholesterol 
in a tissue may be determined by precipitating 
the alcoholic solution of the unsaponifiablo 
fraction with a 1% solution of digitonin in 90% 
alcohol ; after standing for some hours, the 
j)recipitate, containing 2.5% cholesterol, is 
collected on a Gooch filter, washed with alcohol 
and ether, dried at 100°, and weighed. If it is 
desired to estimate separately the free and 
combined cholesterol, the alcoholic solution 
of the ether-soluble extract must first bo pre¬ 
cipitated with the digitonin solution and the 
residue then saponified and the cholesterol 
estimated in the unsaponifiablo fraction. 
Preschor (Z. Nahr.-Genussm. 1917, 33, 481) re¬ 
commends that after saponification the soap 
should be decomposed with hydrochloric acid, 
and the chloroform solution of the fatty acids 
separated, filtered and treated with the 
digitonin solution at 50°, the liquid being stirred 
during the precipitation. A micro method for 
the estimation of cholesterol by oxidation of the 
digitonide is described by Okey (J. Biol. Chem. 
1980, 88, 367). In fats where adulteration with 
vegetable oils has taken place, it is important to 
discriminate between the vegetable and animal 
sterols ; for this the acetates or dibromides must 
be prepared and their melting-points examined. 

Marcusson and Schilling recommend the 
following method (Chem.-Ztg. 1913,37, 1001): 
50 g. fat are shaken for 15 minutes in a separating 
funnel with 20 c.c. 1% alcoholic solution of 
digitonin. The bottom layer of oil is run off, 
the alcoholic upper layer containing the floccu- 
lent precipitate of digitonide is shaken with 50 
to 100 c.c. ether. The precipitate is washed 
with ether, dried, powdered, again washed, and 
then heated with 1-5 c.c. acetic anhydride in a 
test tube for half an hour. On cooling, chole¬ 
sterol and sitosterol acetates crystallise out. The 
m.p. of the recrystallised acetates are respec¬ 
tively 114° and 128°. Cholesterol and sitosterol 
may also be separated by crystallising their 
di bromides from ether and glacial acetic acid 
(Windaus, Chem.-Ztg. 1906, 30, 1011). A 

mixture of 4 g. cholesterol and 4 g. sitosterol is 
dissolved in 80 c.c. ether and 80 c.c. 5% bromine 
in glacial acetic added. After standing for one 
hour at 0°, the precipitate is washed with 
40 c.c. glacial acetic acid, and with 40 c.c. 
50% acetic acid, the washings being added 
to the filtrate and a further precipitate added 
to the original precipitate, which is then washed 
with water and dried. The precipitate contains 
the cholesterol dibromide, the filtrate the sito¬ 


sterol compound. The cholesterol is recovered 
by heating the precipitate with 100 c.c. glacial 
acetic and 5 g. Zn dust for 2 hours, the excess of 
zinc filtered off, and a large quantity of water 
added. The sitosterol is obtained by treating 
similarly the solution of the sitosterol dibroraide. 

Cholesterol occurs with other sterols in a 
preparation of wool fat knowm as lanolin and 
used mainly for medicinal purposes ; owing 
to the ease with which, when mixed with olive 
oil, it is absorbed by the skin, it is used in 
the preparation of ointments and salves; it is 
also used in the manufacture of cosmetics and 
pomades and for softening leather. Wool fat, 
which contains about 70% sterol and 30% 
fatty acids, is saponified by caustic soda giving 
an emulsion which on dilution with water gives 
the so-called wool-milk. On centrifuging im¬ 
pure lanoline separates out and is purified by 
repeatedly kneading with water and centri¬ 
fuging. The purified product is afterw^arda 
kneaded with 30% water and forms the hydrous 
wool fat of the B. P. Anhydrous lanolin absorbs 
about 100% of w ater, does not become rancid, 
and is antiseptic. A commercial preparation of 
cholesterol extracted from the spinal cord of 
cattle is also available. 

isoOholesterol, m.p. 137°-138°, 60°, also 

occurs in wool fat and may be separated from 
cholesterol by heating the mixed sterols for 
30 hours in a sealed tube wdth four times their 
weight of benzoic acid. The benzoates are 
insoluble in boiling alcohol and are 8e})aratcd by 
crystallising from ether. Cdiolestcryl benzoate 
crystallises in shining plates, uocholesterol 
benzoate as a light powder, m.p. 190°-191°. 
woCholesterol gives no colour reaction with 
chloroform and sulphuric acid and is not pre¬ 
cipitated by digitonin. When shaken with 
sulphuric acid, the yellow solution gradually 
changes to browuiish red; in the Lieberrnann- 
Burchard test, a brown-red colour is obtained 
Windaus and Tschesche (Z. physiol. Chem, 
1930, 190, 68) showed that i^ocholesterol is a 
mixture of two sterols both containing 30 carbon 
atoms. 

Ben- 

Alcohol. Acetate, zoate. 
m.p. m.p. m.p. 

Agno8terol,C3oH480 162° 173°-174° 203° 

LanosterobCgoH^oO 140°-141° 113°-114° 191° 

I. S. M. 


CHOLESTEROPHAN. Dimethyl para- 
banic acid. 


CO 


^NMe—CO 
\NMe—CO 


CHOLIC ACID, CjiHioO,, 3:7:12-tri- 

hydroxycholanic acid (v. Bile Acids). 

CHOLINE AND RELATED SUB- 
STANCES. Choline, trimethyl - - hydroxy- 

ethylammonium hydroxide, 

HOCHa-CHa-NMegOH, 

is formed by the hydrolysis of lecithin and hence 
probably occurs in combination in all living 
cells ; its isolation from animal and vegetable 
tissues has been recorded very many times, but 
has no significance, since it is readily set free 
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from phosphatides by chemical processes or by 
enzyme action. Kauffmann (Z. physiol. Chem. 
1911, 74, 175) has shown that when perfectly 
fresh ox brain is worked up rapidly, with suitable 
precautions, hydrolysis may be avoided and no 
choline is obtained. The free choline in semen 
is the result of enzyme action (Kahane and Levy, 
Compt. rend. 1936, 202, 2186). The best natural 
source is crude lecithin ; hard egg*yoIk is ex¬ 
tracted with ether and then with alcohol ; the 
extracts are mixed and evaporated and the 
residue is boiled for 1 hour with 50 parts of 
cold saturated baryta solution. After removal 
of the baryta as carbonate or sulphate, the 
filtrate is evaporated and the residue is extracted 
with absolute alcohol. Alcoholic mercuric 
chloride then precipitates choline mercuri- 
chloride, C^Hj40NCI-6HgCl2,H20, which salt 
can be cr^^stallised from hot water ; it is very 
slightly soluble in the cold. After removal of the 
mercury by hydrogen sulphide and evaporation 
of the filtrate, choline chloride is extracted from 
the residue by alcohol. For the isolation of 
small quantities of choline, along with betaine, 
from plants, see Schulze (Z. physiol. Chem. 1909, 
60, 155). The final separation depends on the 
ready solubility of choline chloride in absolute 
alcohol, whicih leaves betaine chloride behind. 
Choline is, however, best prepared synthetically, 
by the method of Renshaw (J. Amer. Chem. 
Soc. 1910, 32, 128) ; rather more than one 
equivalent of trimethylamino gas is passed into 
ethylene clilorohydrin in a tube cooled to —12° 
to —20°, which is subsequently heated to 80°- 
90°; the yield is almost quantitative. (For 
another method, starting from ethylene di¬ 
bromide, see Kriiger and Bergell, Ber. 1903, 36, 
2901.) 

Choline can be recognised to some extent 
qualitatively by means of its dichroitic crystal¬ 
line periodide (Florence’s test for semen ; 
Bocarius, Z. physiol. Chem. 1901, 34, 339 ; 
Rosenheim, J. Physiol. 1905-1906, 33, 220). 
This salt is precii)itated at a (concentration 
of choline of 10~® by adding a concentrated 
solution of iodine in potassium iodide. If the 
choline solution contains sodium bicarbonate, 
the weak base betaine is not precipitated, and 
can bo sei)arated as periodide after acidification 
of the filtrate from the corresponding choline 
salt (Stanok, Z. physiol. Chem. 1905, 46, 280 ; 
1906, 47, 83 ; 48, 334). The reineckate of 

choline, [Cr (SCN)4(N H3)2]NMe3C2H40H, 
with a solubility of 10~® may also be employed 
qualitatively and quantitatively. The mercuri- 
chloride mentioned above forms crossed hexa¬ 
gonal prisms, m.p. 249°-251°, soluble in 50 parts 
of water at room temperature, but practically 
insoluble in absolute alcohol. The platini- 
chloride, (CgHj40N)2PtCl6, dissolves in 5-8 
parts of water at 21° and is dimorphous ; the 
conversion of the regular isotropic into the 
anisotropic monoclinic form is the surest means 
of identifying choline without analysis (Kauff¬ 
mann and Vorlander, Ber. 1910, 43, 2735). 
The aurichloride dissolves in 75 parts of water at 
21° and in hot alcohol. Neither the gold nor 
the platinum salt has a characteristic melting- 
point. The free base and many of its salts are 
syrupy (for details, see Gulewitsch, Z. physiol. 


Chem. 1898, 24, 513). For soluble non-dt^liques- 
cent salts, see C.P. 290523, 290740. Minute 
quantities of choline can be recognised and 
estimated by physiological means, after con¬ 
version into acetylcholine (Guggenheim and 
Loffler, Biochem. Z. 1916, 74, 208 ; Fiihner, 
ihid. 1916, 77, 408). 

Acetylcholine, H O • N M 63* C H g- C H g* O A c, 
has during the last decade come to be recognised 
as a substance of great physiological importance. 
Its powerful action in lowering the blood pres¬ 
sure (many thousand times as great as that of 
choline) was noticed by Hunt and de Taveaii in 
1911 (U.S. Hyg. Labor. Bull. 73). It was first 
recognised in ergot by Dale (J. Physiol. 1914, 48, 
3) and isolatecl by Ewins (Biochem. J. 1914, 
8, 44). Dale and Dudley (J. Physiol. 1929, 68, 
97) isolated it from the spleen of horses, in 
which tissue physiological teats indi(!ated the 
presence of 10 mg. per kg. Bischoff, Grab and 
Kapfhammer (Z. physiol. Chem. 1930, 191, 179 ; 

1931, 199, 135 ; 200, 153) claim to have isolated 
28 mg. per litre from ox blood by means of 
Reinecke salt, but this relatively enormous yield 
has not been confirmed by others. Acetyl¬ 
choline is secreted by the endings of the para¬ 
sympathetic nerves, when the nerves are stimu¬ 
lated, and so acetylcholine is responsible for the 
humoral transmission of certain nervous im¬ 
pulses ; thus it passes into the fluid perfusing 
a frog’s heart, when the vagus nerve is stimu¬ 
lated, and the fluid can then affect a second 
heart (Loewi). In these experiments the 
amount of acetylcholine is too small to be 
isolated, but its presence may be inferred from 
its rapid hydrolysis and inactivation by boiling, 
by alkali, or by an enzyme. This enzyme, 
cholim-eslerase, was isolated from horse serum 
by Stedman, Stedman and Easson (Biochem. J. 

1932, 26, 2056) ; its action is inliibited by 
physostigminc and similarly constituted syn¬ 
thetic urethanes. Hence physostigmine poison¬ 
ing is in reality a poisoning by the subject’s own 
a(*etyl(diolino. The synthesis of acetylcholine 
in ox brain has recently been demonstrated by 
Stedman and Stedman (Biochem. J. 1937, 31, 
817) ; they isolated 18 mg. as the double chloro- 
platinato of .choline and acetylcholine from 
minced ox brains, after 2 hours incubation at 
37° ; physiological tests (on leech muscle) 
indicated that 48 mg. had been formed. The 
last-named paper anci one by Dudley (Biochem. 
J. 1929, 23, 1064) should be consulted for the 
difficult technique of isolating this very unstable 
ester in the presence of much larger quantities 
of choline. 

A large number of other esters of choline and 
its homologues have been investigated (Hunt 
and de Taveau, l.c. ; Menge, J. Biol. Chem. 1911, 
10, 399 ; U.S. Hyg. Labor. BuU 96 ; Ewins, 
Biochem. J. 1914, 8, 366 ; Foumeau and Page, 
Bull. Soc. chim. 1914, [ivj, 15, 544). They are 
all less active than the acetyl derivative, to which 
the pyruvyl ester perhaps comes nearest. The 
nitrous acid ester, formed by oxidising choline with 
nitric acid, was long regarded as “synthetic” 
muscarine and considered to be an aldehyde, 
until Ewins (Biochem. J. 1914, 8, 209) showed 
its true nature. Muscarine of Amanita muscaria, 
the Fly Agaric, has a pharmacological action 
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related to that of acetylcholine and, according 
to KdgI, Duisberg and Erxleben (Annalen, 1931, 
489, 156) probably the constitution 

HO*NMe 3 CH(CHO)CHEtOH. 

The alkaloid sinapiv in black mustard seeds is 
the choline ester of sinapic acid. In connection 
with the physiological action of snake venom, 
Foiirneau and Page (/.c.) found jmhriityl- and 
fitearyl- choline to be strongly hecmolytic. Acetyl¬ 
choline and some related derivatives have been 
used tentatively in therapeutics ; the most im¬ 
portant of these is perliaps carhaminoylchoUiie 
{DoryI of E. Merck). Other substances in which 
choline is esterified with phosjihoric acid have 
l)een isolated from animal tissues (liver) ; they 
seem to result from the partial liydrolysis of 
lecithin and sphyngomyelin ; for these and the 
biochemistry of choline, see Kahane (Bull. Soc. 
Chim. biol. *1937, 19, 207). 

Other baH(‘s related to choline are nenrinc or 
vinyllriwethylannnon ium. hydroxide^ 

CHgrCHNMegOH, 

formed from clioline by putrefaction and having 
a similar physiological action, but 10-20 times 
as toxic. p-Aminoethyl alcohol or p-hydroxy- 
ethylarnine {colarnine), HO-CHg'CHg'N Hg, was 
obtained by Thudichum in 1884 by the hydrolysis 
of the brain phosphatide kephalin (t.e. lecithin 
without A'-mcthyi groups). Colainine has also 
been obtained from other phosphatides (Trier, 
Z. physiol. Chern. 1913, 86, 1, 141, 153, 407). 
For a fuller account of choline and related sub¬ 
stances, see Guggenheim, “ Die biogenen 
Amine,” 2nd cd., Berlin, 1924 (3rd ed. in pre¬ 
paration), and for the biochemistry of choline, 
Kahane, Bull. Soc. Chim. biol. 1937, 19, 205. 

G. B. 

CHOLINE ESTERASE is an enzyme of 
the lipase class which hydrolyses acetylcholine, 
HO NMeg CHg CH OAc {v. Choline). In 
view of the outstanding importance of acetylcho¬ 
line as the substance by means of which the para¬ 
sympathetic nerves produce their effect, the 
existence in the body of an enzyme capable of 
destroying it is of interest. 

It is apparently a specific enzyme and widely 
distributed in the tissues (Galehr and Plattner, 
Pfliigor’s Archiv. 1927, 218, 488, 506). A 
method of preparing it from blood serum is 
described by Stedman and Stedman (Biochem. 
J. 1935, 29, 2563). Its activity is beat deter¬ 
mined by titration with 0-02 A-NaOH with 
bromothyrnol blue as indicator (Stedman, 
Stodman and White, Biochem. J. 1933, 27, 1055). 
It is destroyed by heat above 56°. 

It acts on other esters of choline ; an increase 
in the size of the acyl grouj) increases the rate 
of hydrolysis unless a side chain has been intro¬ 
duced, when a decrease occurs (Easson and 
Stedman, Proc. Roy. Hoc. 1936, B. 121, 142). 

The order is n- butyryl|>*propionyl> wobutyryl 

acetyl|> benzoyl. 

The influence of py^ on choline esterase to 
some extent depends on the substrate : the 
optimum lies above p^ 8*0. The enzyme is 
remarkable in being reversibly and specifically 
poisoned by a group of synthetic urethanes allied 
to eserjne, particularly physostigmine and mio- 


tine. Easson and Stedman (Z.c.), who have 
most recently studied the question, assume that 
the substances which inhibit the enzyme act by 
combining with it in the same way as the 
choline esters and thus blocking the active 
groups. In this (ronnection an interesting 
calculation has been made in regard to the 
activity of the enzyme, namely, that each 
active group in it hydrolyses about 1,490 mols. 
of acetylcholine per second. The amount of 
inhibitor required to prodin'o a large inhibition 
of the enzyme is very minute. 

E. F. A. 

CHOLUM or C HO LAM v. Cereals,. 
Millet. 

CHONDRIN. An albuminous substance 
allied to and resembling gelatin, obtained by 
boiling cartilage with water. It dries to a hard, 
horny substance which softens to a jelly in cold 
water, and is soluble in boiling water. An 
aqueous solution is decomj)osed by 2% alumin¬ 
ium hydroxide into chondroitin sulphuric acid 
{v. Chondroitin) which remains in solution and 
has la],, —46*59° and the chondrin residue 
([a]j) —386*85°) which is adsorbed in ihe colloid ; 
this reaction affords a method of differentiating 
between chondrin and glutin, as a solution of the 
latter gives an immediate precij)jtato with 
barium chloride, whilst a solution of chondrin 
gives no appreciable precipitate, but if the 
solution is stirred with 10% aluminium hydroxide 
and filtered, the filtrate gives with barium 
chloride an immediate precipitate of the barium 
salt of chondroitin sulphuric acid (Rakuzin and 
Braudo, J. Russ. I%ys. Chem. Hoc. 1920, 52, 
397 ; Z. Enters. Lebensm. 1920, 52, 397 ; 
Rakuzin, Chern.-Ztg. 1923, 47, 602). 

CHONDODENDRINE, CHONDO- 
DRINE, an fisoquinoline alkaloid. 

CHONDROITIN is a tetrasaccharide (son- 
sisting of two glucuronic acid and two chondros- 
amine units. 

E. F. A. 

CHONDROSAM I N E is 2-aminogalactose. 

It has been obtained from some of the mucins 
and mucoids and has been investigated by 
Levene and La Forge (J. Biol. Chem. 1914, 18, 
123; 1915,20,443). 

E. F. A. 

CHOPIN EXTENSIMETER v. Bread 
(Vol. II, p. 786). 

CHOPPING NUT or ESERE NUT r. 

Calabar Bean (Vol. II, p. 198d). 

CHROMATOGRAPHY v. Carotenoids 
(Vol. II. p. 398) and Chemical Analysis {ibid.^ 

p. 628). 

CHROMITE or CHROME-IRON-ORE. 

A member of the spinel group of minerals, con¬ 
sisting essentially of ferrous oxide and chromic 
oxide, FeO-CrgOg or FeCr204, analogous to 
the aluminates. The ferrous oxide is, however, 
often partly replaced by magnesia, and the 
chromic oxide by alumina, so that there is a 
passage to chrome-spinel or picotite ; on the 
other hand, with a replacement of chromic oxide 
by ferric oxide, there may be a transition to 
magnetite (Fe304 or FeFe204). All these 
minerals are cubic in crystallisation and belong 
to the same isomorphous group—the spinel 
group. The actual amount of chromic oxide 
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varies considerably, as shown by the following 
analyses ; the ordinary ore, as mined, contains 


on an average 45% 

CPgOg. 



Cr,03 

AI2O3 


FeO 

MfiO 

I. 67-9 

— 

— 

32-1 

— 

11. 44-15 

22-41 

5-78 

11-76 

15-67 

Ilf. 59-20 

7-15 

n.d. 

25-02 

4-42 

IV. 41-23 

24-58 

2-28 

16-99 

14-77 

V. 56-54 

12-13 

— 

18-01 

14-08 


T. Calculated for FeCrgO^. 

II. Franklin, Macon Co., North Carolina. 

III. Price’s Creek, Yancey Co., North Carolina(J.H. 

Pratt, Aincr. J. Sci. 1899, 7, li81). Also 
SiOa 2-80, MnO 0 69. 

IV. Tainpadel, Lower Silesia (H. Traube, Z. deut. 

Oeol. Oes. 1894, 46, 50). 

V. Dun Mountain, New Zealand. 

(For analyses of chromite isolated from meteorites, 
see W. Tassin, Proc. U.S. Nat. Museum, 1908, 
34, 085.) 

In general appearance, chrome-iron-ore is 
very like magnetite, but it is readily distin¬ 
guished from this by the dark-brown colour of 
its streak or powder, and by the fact that it is 
only slightly, if at all, magnetic. Sp.gr. about 
4-5. Crystals are of rare occurrence, the mineral 
being usually found as grains disseminated in 
basic rocks of igneous origin, especially those 
rich in olivine (viz. the peridotites). Sometimes 
these grains arc segregated into nodular masses 
of (!onsiderable size and with a granular to com¬ 
pact texture. Kooks of this kind, when sub¬ 
jected to weathering processes, become hydrated 
and alton’d into serpentine, and for this reason 
most of the workable deposits of chrome-iron- 
ore are in serpentine rooks. With the denuda¬ 
tion and breaking down of these rocks, the 
heavy grains of the (’bemically resisting chromite 
collect in the bods of streams and rivers ; and 
some of the deposits worked in the Ural Moun¬ 
tains are of this nature. 

Chromite is the only commercial source of 
chromium and its compounds. Jt is used for the 
preparation of the oxides and chromates em¬ 
ployed as pigments, and in dyeing, calico- 
printing and tanning ; in the manufacture of 
(ihrome-steel and ferrochrome, and for chrome- 
bricks and furnace linings. It is mined in 
Asia Minor, Serbia, Greece, the Ural Mountains, 
New Caledonia, India, Baluchistan, Rhodesia, 
Quebec, California and Oregon ; and formerly, 
to a considerable extent, at Bare Hills, near 
Baltimore in Maryland, and in Lancaster Co. in 
Pennsylvania. Quarries were, at one time, 
worked on Unst, one of the Shetland Isles 
(Special Reports on the Mineral Resources of 
Great Britain, Vol. 5, Mem. Geol. Survey, 1916). 

References .—Chrome ore and chromium. Im¬ 
perial Mineral Resources Bureau, London, 1920. 
On the chemical composition of chromite, see 
L. W. Fisher, Amer. Min. 1929, 14, 341. On 
Canadian deposits, F. Cirkel, Dept, of Mines, 
Canada, No. 29, 1909 ; and those of Rhodesia, 
F. E. Keep, Bull. Geol. Survey Southern 
Rhodesia, 1930,16. 

L. J. S. 

Chbomitb as a Refractory Material— 
Chromite is one of the most important neutral 
refractories, especially in metallurgical furnaces. 
It is said to have been used in France in 1872 
and earlier in Austria. In addition to a high 


melting-point, in the neighbourhood of 1,950°C., 
it is not acted upon by siliceous fluxes, and for 
that reason is often placed as a “ buffer ” layer 
between the basic magnesia and acid Dinas 
brick in Siemens-Martin and other furnaces. On 
account of its resistance to gases, flue-dust and 
slag particles, chrome bricks are used for the 
ports of gas-fired furnaces, tap-holes, etc. It is 
employed for the construction of furnaces for the 
smelting of copper and nickel ores (Glenn, Eng. 
and Min. J. 1901, 72, 637 ; d.S.C.l. 1902, 21, 
52), and is also very resistant to oxides of 
antimony, lead and bismuth. 

Chromite should contain over 40% of chromic 
oxide and less than 6% of silica, the remainder 
being composed of ferrous oxide, alumina, lime, 
and magnesia. In some cases it is employed in 
the form of lumps or loose powder which can be 
packed in position and afterwards sintered or 
even fused into a monolithic layer. The material 
may also be ground, mixed with a suitable 
binder, moulded into bricks, which must be fired 
at a high temperature. It has been stated that 
clay could not be used as a binder, but chromite 
mixed with from 10 to 15% of Zettlitz kaolin 
gave a very refractory product (Simonis, Stahl 
u. Eisen, 1908, 28, 334 ; J.S.C.I. 1908, 27, 283). 
The most usual binders are refractory clays, 
bauxite, magnesite and lime, the last giving a 
highly refractory brick. Chromite bricks are 
heavy (sp.gr. about 4*5), close-textured and 
fairly strong mechanically, but, like magnesia 
bricks, fail suddenly at about 1,400‘^'C. under a 
load of 50 lb. to the sq. in. Wologdine (Bull. 
Soc. d’Encour. 1909, 108, i, 879 ; J.S.C.I. 1909, 
28, 709) gives the following figures for the heat 
conductivity : 

Chromite I. ... 0-0057 C.G.S. units. 

„ II. . . . 0-0055 

„ agglomerated 0-0028 „ 

The electrical resistivity at various temperatures 
has been measured by Hartmann, Sullivan and 
Allen (Trans. Electrochem. Soc. 1920, 38, 279) 
and by McLeod and M‘Mahon, working under 
Professor Stansficld at McGill University {ibid. 


1912, 22, 

89). The two 

sets of measurements 

which differ somewhat are given in the following 

table : 

Hartmann et. al. 

Stansficld et. al. 

Cold . 

48-1 Megohms. 

— 

800X’. 

803 Ohms 

2,800 Ohms i«;r cm. cube 

900°C. 

525 „ 

760 

1,000°C. 

171 „ 

420 

1,100"C. 

78 „ 

430 

1,200"C. 

03 „ 

450 

1,300°C. 

77 „ 

410 „ „ 

1,400°C. 

85 „ 

320 

1,500“C. . 

41 



Chromite ai)pear8 to expand regularly with 
increasing temperature and has a larger thermal 
expansion than any other ordinary refractory 
material, except magnesite, amounting to 1*6% 
at 1,500°C. (B. Bogitch, Compt. rend. 1921, 
173, 1358). 

During the last few years, a considerable 
amount of attention has been given to the effect 
of relatively large admixtures of chromite with 
other refractory materials, especially chrome- 
silica, chrome-magnesite, and chrome-alumina 
mixtures. In some cases, possibly most marked 






96 


CHROMITE OR CHROMEJRON-ORE. 


with chrome-alumina mixtures, heating to a 
high temperature may bring about chemical 
reaction between the oxides with the formation 
of new compounds, l)ut in others the chromite 
retains its identity. At the same time, its 
prestmce modifies the behaviour of the mixture 
in service. Thus, chrome-silica bricks are 
mechanically stronger at high temperatures 
than plain chrome bricks, and tend to spall less 
than either chrome or silica bricks. Similarly, 
chrome-magnesite bricks have a greater resis¬ 
tance to spalling than many firecilay bricks and a 
higher “ refractoriness-under-load ” than normal 
silica bricks (Budnikolf and Mandelgrin, Ber. 
Deut. keram. Ces. 1932, 13, 521 ; Lynam and 
Rees, Trans. Ceram. Soc. 1936, 35, 138 ; ibid. 
1937, 36, 110 se.q. ; Chesters and Lee, ibid. 
1937, 36, 294); Rieke and Ungewiss, Ber. Deut. 
Keram. Ges. 1935, 16, 482). 

The following analyses, taken from various 
sources, illustrate the composition of chromites 
for refractories : 


CPgOg. 

. . 51*23 

62*20 

53*66 

FegOg 

. . 36*63 

28*10 

16*20 

AlgOg 

. . 3*17 

2*60 

13*90 

MgO . 

. . 3*79 

1*10 

9*22 

CaO . 

. . 5*10 

3*07 

0*78 

SiOg . 

. . 1*87 

2*60 

6*20 


101*79 

99*67 

98*96 


W. C. H. 

CHROMIUM. Symbol Cr, at. wt. 6201, 
at. no. 24, isotopes 50, 52, 53, 54. The common 
chromium mineral and the only important ore 
of chromium is chromite^ FeCr204 {q^v.). 
Chromium also occurs in chrome diopsido and 
in the mica known as fuchsite, which is dis¬ 
tinguished from other varieties by its brilliant 
green colour, in chromium garnet and in certain 
chloritic chromium minerals wdiich accompany 
the (ihromite. As lead chromate it occurs in 
crocoidite, PbCr04, and as basic lead chromate 
in the rare mineral melanchroite or pho&nico- 
chroite (formerly phocnicite) 3Pb0'2Cr03. 
Meteorites often contain chromite but rarely 
more than 1%. The red colour of the ruby 
(Papish and O’Leary, Ind. Eng. Chern. [Anal.], 
1931,3,13), the greenish colour of serpentine, verde 
antico marble, emeralds and many other minerals 
are due to the presence of oxides of chromium 
(Sainte-Claire Doville and Carron, Ann. Chim. 
1865, [iv.j, 5, 108; cf. Verneuil, Cornpt. rend. 
1910, 150, 185). Mitchell (Astrophys. J. 1930, 
71, 1) confirmed the presence of chromium 
lines in the solar spectrum. Spectrographic 
analysis has revealed the presence of traces of 
chromium in the ash of all the organs, somewhat 
more concentrated in the thyroid and spleen 
(Dutoit and Zbinden, Compt. rend. 1930, 
190, 172). Demaryay reported the presence of 
chromium in traces in wood ashes {ibid, 1900, 
130, 91). 

Koenig (Landw. Jahrb. 1910, 39, 775; 
J.C.S. 1911, 100, ii, 624) described the stimula¬ 
tive and toxic effects of various chromium com¬ 
pounds on plants. The results obtained by other 
workers, that the higher the degree of oxidation 
of chromium the more toxic its effect, were 


confirmed, a wheat plant being killed by a 
0*0064% solution of sodium dichromate, whereas 
it required a 0*5% solution of chromium sulphate 
to give a similar result. The red coloration 
given by sodium l:8-dihydroxy-naphthalene- 
3:6-disulphonate was utilised for the identifica¬ 
tion of traces of chromium in plant ash. Work¬ 
men exposed to the dust of potassium dichromate 
have suffered from skin eruptions and inflamma¬ 
tion of the septum of the nose. There is a 
risk of (ihrorniiim poisoning ki lithography, 
founding, tanning, and dyeing where chromium 
compounds are handled, and also from the spray 
from chromium-plating baths (Dobbs, J.8.0.1. 
1930, 49, 163T). The protection of workers has 
been studied by the Metropolitan Life Insurance 
Co. (Service Bur. Bull. No. 408; J. Amer. 
Leather Chern. Assoc. 1936, 31, 110; cf. Feil, 
ibid. 31, 65; Hallo aux Cuirs, 1935, 149). 
Chromic salts are less toxic than chromates 
(Akatsuka and Eairhall, J. Ind. Hyg. 1934, 
16, 25; D. Brard, “ I’oxieologie du chrome,” 
Paris, Hermann & Cie, 1935). 

Chromium has many uses in the arts; it forms 
a series of alloys with iron, carbon, nickel, 
manganese, etc., which include the stainless 
steels ; it is dej)osited oleetrolytically as a 
bright coating wdiich does not tarnish, in the 
process of chromium-plating. Chromic salts are 
used in tanning leather and for the preparation 
of chromium green. Chromates, usually sodium 
or potassium dichromate, are also employed in 
tanning, and to an important extent in wool 
dyeing and as chromated gelatin in photo¬ 
mechanical and colour j)rinting. The alkali 
chromates are employed in the preparation of the 
pigments, lead chromate (chrome yellow), and 
zinc chromate (zinc yellow). In organic 
chemistry chromic acid is used as an oxidising 
agent; chromic oxide serves as a catalyst in 
the synthesis of methyl alcohol and in the 
cyclisation of hydrocarbons. Cf. Homer Ad¬ 
kins, “ Reactions of Hydrogen with Organic 
Compounds over Copper-Chromium Oxide and 
Nickel Catalysts,” University of Wisconsin 
Press, 1937. 

The scientific interest of chromium is con¬ 
siderable, the metal can assume a passive state, 
it forms many scries of coloured compounds, 
corresponding to all the valencies from 2 to 6 
inclusive. Cr^^. The blue solutions of chromous 
salts containing the ion Cr+4- are powerful 
reducing agents. The chromic salts 

derived from CPjOg exist in two states, violet 
crystallisablo solutions which on boiling become 
green and do not then crystallise. These solu¬ 
tions may contain unstable hydrated ions, e.g. 
[CrCI-SHgOJ+d*. Cr''^L The yellow chromates, 
and orange dichromates derived from the tri¬ 
oxide CrOg ionise in solution to Cr04— and 
CPgO^ . Cp^^. Quadrivalent chromium is 

contained in the series of salts derived from 
triphenyl chromium hydroxide (CgH5)gCPOH. 
Cp'^, The corresponding tetraphenyl chromium 
salts (CgH5)4CpX contain quinque valent 
chromium. The chromohydrocarbons 

(CeH5)gCp and (CeHg)4Cr 

have been prepared in the free state. There are 
thi-ee series of perchromates, red MgCpOg, 
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blue MCrOg, and brown co-ordination com- for these and other co-ordination compounds of 
pounds [(N H3)3Cr04]. A very large number chromium. 

of chromammines and analogous substances con- For a review including chromite, chromium, 
taining pyridine, urea, etc., have been described, and ferrochrome, see Kousli, Mineral Ind. 1936, 
The ethylene diamine compound [ CrCl2-2en]CI 64, 61-69. The following statistics of the produc- 
aud also the double oxalate K3[Cr(0304)3] tioii of chromite ore during recent years have 
have been separated into optically active forms, been suf)pliod by the Imperial Institute in 
The resolution indicates an octahedral structure May, 1938. 


Would’ s Production of Chrome Ore. 
(Long Tons.) 


C'ountry. 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

Bri t ish Pm pi re 









{Southern Rhotlesia . 
Union of {South 

202,385 

80,334 

15,445 

34,493 

70,961 

104,240 

180,499 

271,265 

Africa .... 

13,508 

22,967 

19,065 

.33,541 

60,388 

89,003 

172,896 

16.5.958 

India. 

50,684 

19,913 

17,865 

15,526 

21,.576 

39,127 

49,486 

62,307 

Other British Empire 

1,676 

226 

454 

918 

2,781 

2,795 

1,739 

5,000 

Forcigyi Countries 









G recede .... 

23,032 

5,,545 

1,531 

14,5.50 

30,209 

29,309 

46, .599 

55,061 

U.{S.S.K. (u) . . . 

65,666 

72,123 

76,242 

80,913 , 

8.5,943 

181,500 

216,000 

id) 

Yugoslavia . 

50,583 

57,462 

38,524 

25,833 

46,604 

51,.540 

53,190 

.58,918 

Cuba. 

38,380 

11,882 

500 

21,837 

57,325 

(6)42,081 

69,257 

(r) 93,098 

.lapan .... 

11,421 

9,573 

12,295 

19,681 

26,792 

i 35,736 

37,868 

id) 

Turke>' .... 

27,750 

24,987 

— 

74,189 

117,951 

148,096 

161,292 

189,468 

New Caledonia . 

60,916 

72,979 

68,332 

49,281 

54,310 

.54,437 

47,000 

47,264 

Philippine Islands . 
Other foreign 

1 

•—• 

— 

— 

— 

(6)1,272 

2,873 

75,209 

countries . 

1,827 

3,589 

603 

3,.544 

1,133 

840 

4,364 

5,644 

Total . 

548,000 

381,000 

251,000 

374,000 

576,000 

780,000 

1,043,000 

(<^) i 

! 


(a) Figures up to and including year 1934 refer to the year ending Se])t. 3()th ; ligiires for 1935 
and 1963 refer to the calendar year and probably contain some ore needing concentration. (6) Exports, 
(c) Imports into the United States, (d) Not available. 


For a discussion of chromite ore and chromium, 1898, 301, 19) in which a mixture of chromic 
world prod motion, prices, and imports, see oxide and granular aluminium is brought to 
Anon. Mineral Ind. 1936,44,58 ; cf, “ Imperml exothermic reaction and fusion of the whole 
Institute Monograph on Mineral Resources, mass by firing it with a fuse made of 
Chromium Ore, new edition in preparation. barium peroxide and aluminium powder. The 
Pure Chrvmium .—Adcock (J. Iron and Steel metal, 98-99% pure, separates from a layer 
Inst. 1927, 115, 369, 435) obtained the metal of of slag. 

a high degree of purity l)y the electrolysis of a Commercial Chromium is made by one of two 
bath containing 300 g. chromic acid and 10 g. methods, the thermit process above described, 
sulphuric, acad per litre. A yield of 22*6 g. and by reduction of chromic oxide with the 
per kw.-hr. of compact metal was deposited on a theoretical proportion of silicon, to which some 
rotating steel tube which formed the cathode. lime is added to form a slag, in an electric 
This chromium contained hydrogen which was furnace. The chromium thus obtained is 
removed by molting the product in vacuo^ and 98-99%, and may contain up to 0-9% Fe 
oxygen which could only be eliminated by and not above 0-8% silicon as major impurities, 
heating in a current of pure dry hydrogen at The metal from the thermit process contains 
1,500°-1,600°. The final product, although a maximum of 0*9% aluminium. Neither pro- 
spectroscopically pure, was criticised in the duct contains more than 0*2% carbon (A. B. 
discussion of the paper (Z.c. 435). The difficulty Kinzel and W. Crafts, “ The Alloys of Iron and 
of the preparation is shown by the fact that the Chromium,” vol. 1, 1937, McGraw-Hill Book Co. 
product could not be molted even in alumina Inc., London and New York; Treitschke and 
crucibles in vacuo without being contaminated Tamman, Z. anorg. Chem. 1907, 56, 402). 
with oxygen. Pyrophoric Chromium has been prepared by 

Many methods depend on the reduction of heating chromium amalgam, HggCrand HgCr, 
chromic oxide. Rohn (Z. Metallk. 1924, 16, 276) in vacuo below 3(X)°. The amalgam is prepared 
heated the oxide to 1,600" in a Heraeus tube electrolytically or by the action of sodium 
furnace in a stream of purified dried hydrogen, amalgam on solutions of chromic salts (Fer6e 
The best of these methods is probably the Compt. rend. 1895, 121, 822). 
thermit process of H. Goldschmidt (Annalen, Physical Electrolytic chromium is 

Vol. III.—7 
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a very hard bluish-white metal which takes a 
brilliant polish. The hardness is about 9 on 
Mohs scale, or 2,000 by the scratch test which 
gives 1,950 for case-hardened steed (U.S. Bureau 
of Mines, Information Circsular, I.C. 6566, 
1932). The presencti of occluded hydrogen has 
been considered to be the cause of part at least 
of the hardness (Adeex^k, Lc.). According to 
Makarieva and Biryukov (Z. Elektrochem. 1935, 
41, 623) heating the metal to remove hydrogen 
may even increase the hardness. The face- 
centred cubic lattice structure of chromium 
confers maximum hardness, the hexagonal and 
body-centred cubic lattices being less hard and 
converted into the first-named structure on 
heating. The density of degassed electrolytic 
chromium at 25'/T is 7-138:1.0-003 and at —5074° 
is 7-156i0 001 (Hiittig and Brodkorb, Z. anorg. 
Chem. 1925, 144, 347). Dbring found 7-085 
for 98% chromium made by the thermit process 
(J. pr. Chem. 1902, [ii], 66, 65). International 
Critical Tables, ii, 456, and also Landolt-Born- 
stein Tabellen, 1927, Erganz. i, 104, give the 
density as 7-1, for later values, v. ibid. Erganz. II, 
i, 210 ; III, i, 282. The coefficient of thermal 
expansion between 20° and 100° is 0-0000067 
(Hidnert Phys. Kcv. 1932, [2], 39, 186). 

Very divergent values have been published 
in the earlier literature for the melting-point of 
chromium, 1,420°-2,000°, figures which indicate 
the difficulty of preparing a pure specimen. 
L. Muller (Ann. Pliysik. 1930, [vj, 7, 48) deter¬ 
mined the cooling curve of electrolytic chromium 
with a thermo-couple between 2,()()0° and 1,400° 
and found the m.p. 1,805°. E. Hoffmann and 
Tingwaldt (Z. Metallk. 1931, 23, 31), employing 
an optical pyrometer, observed the m.p. of electro¬ 
lytic chromium contained in a magnesia crucible 
in an evacuated resistance furnace, and also the 
melting temperature at a hole in a bar of sintered 
chromium powder heated by an eletitric current. 
The first method gave 1,800°:!:: 10° and the 
second 1,765^:10°. Eriemann and Sauerwald 
(Z. anorg. Chem. 1931, 203, 73) found 1,915°- 
1,925° in vacuo and 1,650° in a mixture of H2 
and Ng. According to Greenwood (Proc. 
Roy, Soc. A, 1909, 82, 396) the metal boils at 
about 2,200° ; it can be distilled in an electric 
furnace under ordinary pressure (Tiede and 
Birnbrauer, Z. anorg. Chem. 1914, 87, 149) but a 
carbide distils in a graphite tube. 

The specific heat at —252-5° is 0-014 (Dewar, 
Proc. Roy. Soc. A, 1913, 89, 158), at -190° 
values near 0-08 were found by several observers 
{inter alia Richards and Jackson, Z. physikal. 
Chem. 1910, 70, 414); average values at 0°, 0-104, 
and 100°, 0-110, have been recorded (Schimpff, 
ibid. 1910, 71, 257; Schiibol, Z. anorg. Chem. 
1914, 87, 81). At 1,000° Umino found 0-135 
(Sci. Rep. T6hokw, 1926, 15, 597). According 
to Jaeger and Rosenbohm (Proc. K. Akad. 
Wetensch. Amsterdam, 1934, 37, 489) thermal 
effects due to polymerisation may cause 
uncertainty in determining the specific heat of 
chromium at different temperatures. 

The arc and spark spectra of chromium are 
complex, the most intense rays are A 4254*34, 
3605-33 , 4274-80, 4289-73, 3578-68, and 3693-49 ; 
the wavelengths underlined are the raies ultimes 
of de Gramont {cf. E. Twyman, “ Wavelength 


Tables for Spectrum Analysis,” 1923, A. Hilger, 
London). 

H. von Wartenborg measured the refractive 
index n 2-97, the index of absorption uk 4-85, 
and the reflectivity R%, 69-7 for the yellow 
mercury line 579 7a/i (Verb. Deut. Physikal.IGes. 
1910,12,105). According to Bernoulli (Physikal. 
Z. 1904, 5, 632), active and passive chromium 
give diflerent values for reflexion, a result which 
suggests the presence of a surface film on the 
passive metal. 

Chromium forms a thermoelectric couple with 
nickel (Hase, Z. Metallk. 1929, 21, 200). Since 
chromium functions only as anode, e.g. in an 
alcoholic- solution of calcium nitrate, it will 
rectify an alternating current (Sborgi and 
Cappon, Nuovo Cim., 1922, [vij, 23, 303). 

Allotropes of Chromium .—The existence of two 
allotropes of chromium has been inferred from 
X-ray examination of the metal (Bradley and 
jOllard, Nature, 1926, 117, 122). Three allo- 
I tropes are reported by Sasaki and Sekito (Imrans. 
Electrochem. Soc. 1931, 59, 437; cf. Makarieva 
and Biryukow, l.c.). The hexagonal allotrope 
contained in electrolytic chromium is trans¬ 
formed into one of the two cubic modifications 
by heating the deposited metal to 130° for 15 
minutes (Wood, Phil. Mag. 1937, [viij, 23, 984). 

Passive and Active Chromium .—Chromium is 
dt‘scribed as active when it dissolves in the 
halogen hydracids, oxalic, sulphuric, and hydro- 
fluosilicic a(uds, or when the inetal becomes 
charged with hydrogen while used as a (jathode. 
A fresh surface exposed by scratching the passive 
metal is active. Chromium becomes passive 
when immersed in chlorine- or bromine-water, 
nitric, chromic and chloric acids, and in solutions 
of potassium permanganate, ferric chloride or 
potassium ferricyanide ; when exposed to air 
or oxygen or if employed as an anode provided 
the voltage exceeds a critical value. In the 
electrochemical series passive chromium is placed 
near Pt, whilst active chromium is close to Zn. 
Muthmann and Eraunberger measured the 
potentials acquired by a number of samples in 
KCI solution against a calomel electrode and 
found +0*35 volts with active chromium and 
— 1-47 with passive chromium ; these are the 
extreme values (Sitzungsber. bayr. Akad. 1904, 
[iij, 34, 201). Local patches of more or less 
active or passive metal may exist on the same 
specimen. The existence of an oxide film on 
passive chromium has been much discussed in 
the literature {e.g. W. J. Miillor, Z. Elektrochem. 
1931, 37, 328. Eor protective oxide films on 
metals, see numerous papers by U. R. Evans). 
Among the authors who dispute this explanation 
are Rathert (Z. physikal. Chem. 1914, 86, 567) 
and Bowman (Rec. trav. chim. 1924, 43, 1, 399). 

Muller and Essin (Z. Elektrochem. 1930, 36, 
963-972) measured the potential of chromium, 
deposited electrolytically on copper, in contact 
with solutions of different acids as a function 
of time and of temperature. The results 
indicate that at 0° the metal is passive towards 
A^-hydrofluoric, -hydrochloric, -hydrobromic, 
-sulphuric, -perchloric, -phosphoric, and -nitric 
acids, but that on warming., to a temperature 
which is characteristic for each acid and increases 
with the diameter of the anion, the metal 
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becomes active towards the first four acids ; 
in phosphoric, perchloric, and nitric acids it 
remains inactive at 100°. 

Further experiments by Muller and Schwabe 
(Z. Elektrochem. 1931, 87, 185-197) on the 
activation of chromium by cathodic polarisation 
in acid solutions show that each acid requires a 
definite activation potential. The negative 
potential at which activation occurs in normal 
acid solutions increases in the order, hydro¬ 
chloric hydrofluoric -<[ hydrobromic <1 sul¬ 
phuric c;^ perchloric •<! orthophosphoric; thus, 
activation is more easily affected the smaller 
the anion is. The potentials for electrolytic and 
thermit chromium are slightly different. When 
the activation is affected by grinding with an 
emery wheel there is again a definite activation 
potential, which depends on the anion of the 
acid, and the order is the same as that given 
above. The experiments lead to the following 
deductions concerning the nature of passivity. 
Chromium in the passive state is covered by a 
network of chromic oxide molecules, which are 
anchored to the units of the chromium space 
lattice. Acids cannot dissolve the oxide film 
except by penetrating between the molecules, 
and the size of the anion is therefore important. 

In a later paper (Z. physikal. C'hem. 1936,176, 
273) E. MiiJler states that in M-HCI at 20°, 
chromium amalgam oscillates periodically bo- 
tweciii the active and passive states. In 
M-H2SO4 massive chromium is passive, but 
can be rendered permanently active by weak 
(vithodic polarisation. The experimental results 
in the paper are contrasted wdth the author’s 
earlier explanation of passivity (Z. physikal. 
Chem. 1932, 159, 68). 

Chemical Properties .—The pure metal is not 
affected by air, oxygen, or chlorine at tempera¬ 
tures up to 300° C. It is not attacked by nitric 
acid, aqua regia, ammonia solution, acetic acid, 
lactic acid, or by molten zinc, tin, or brass. 
Chromium is attacked by gaseous hydrogen 
chloride, and at high temperatures by sulphur 
vapour and hydrogen sulphide. It dissolves 
in hydrochloric acid and the rate of evolution 
of hydrogen varies periodically with the 
time, a phenomenon which has been studied 
by several authors (Ostwald, Z. physikal. Chem. 
1900, 35, 33, 20; Adler, ibid. 1912, 80, 385; 
E. S. Hedges and J. E. Myers, J.C.S. 1924, 125, 
604; “ The Problem of Physico-Chemical 

Periodicity,” London, 1926). Chromium is 
also dissolved by the other halogen hydracids, 
and by dilute sulphuric acid, the action being 
accelerated by heating, or by the presence of 
impurities in the metal. The metal burns with 
vivid sparks when heated in the oxyhydrogen 
blowpipe forming the sesquioxide, CPjOg. 

Electrolytic Chromium., Chromium Plating .— 
The brilliant appearance, the hardness and 
resistance to corrosion of electrolytically 
deposited chromium are available only since the 
existence of the modern art of chromium 
plating, a process which was not generally 
successful before Fink’s U.S.P. 1581188 of 1926. 
Fink employed a bath containing 250 g. CrOg 
and 2-5 g. SO4 ion per litre with a current j 
density of 34 to 144 amp. per sq. ft. of cathode I 
surface. More recently Piersol has used 


[ 360 g. CrOg, 2-6 g. H2SO4, and 10 g. of 
H3BO3 per litre and obtained hard deposits 
with the bath at 57° and a rate of deposition of 
0*002 in. per hour (Metal Clean. Finish. 1935, 
7, 325, 385, 535). With a bath resembling Fink’s 
{supra)^ the hardness increased with falling 
temperature, 38'^ or over being too high {ibid. 
7, 73, 169 ; Kronsbein, J. Electrodep. Tech. 
Soc. 1935, 23; Cymboliste, Compt. rend. 1937, 
204, 1654). Poor results are obtained with 

baths of chromic salts (Applied Chemistry 
Reports, 1933, 18, 363). Specifications for 
chromium coatings are discussed by Francis- 
Carter, J. Electrodep. Tech. Soc. 1935, 10, 69. 
Explanations of the process of electrolysis of 
the three types of chromium compounds Cr+*h, 
Cr+-f-f^ and Cr04— are proposed by Kasper 
(Rur. Stand. J. Res. 1932, 9, 353 ; 1933, 11, 515; 
cf. W’^einer, Z. Electrochem. 1936, 42, 585; 

Rogers, Trans. Electrochem. Soc. 1935, 68, 1 ; 
E. Muller, Z. Elektrochem. 1937, 43, 361). 

Wright (Chem. and Ind. 1930, 473) distinguishes 
tw’O types of chromium plating: (1) on a 

preliminary (coating of nickel or copper for 
preventing rusting of aut omobile and machinery 
parts, taps, cutlery, and scientific instruments; 
(2) direct plating on tools, pressure rollers, 
and plates where a hard surface is required 
{cf. Gardam, Metal Ind. 1930, 36, 245, 279; 
Ilobbs, ibid. 36, 435). The direct method is 
much less important {cf. Vignos, B, 1937, 798). 
Disadvantages of the chromic acid bath and 
suggested improvenumts are discussed by 
Cuthbertsfm (Applied Chemistry Reports, 1937, 
22, 413 ; heavy Ni and Cr plating in England, 
Fescol process, by Bonilla, Trans. Electrochem. 
Soc. 1936, 71, Preprint 2. 9). Among special 
works, see “ Chromium Plating,” by Bauer, 
Arndt, and Krause, transl. E. W. Park, E. 
Arnold, London, 1935; B. Freeman and F. G. 
Hoppe, “ Electroplating with Chromium, 
Copper, and Nickel,” Prentice Hall, New York, 
1930; R. Schneidewind, “ C-hromium Plating,” 
University of Michigan, 1928. 

Chromium Hydride. — Electrolytic chro¬ 
mium may contain 250 times its volume of hydro¬ 
gen (Carveth and Curry, J. Physical Chem. 1905, 
9, 353). The gas contained in the metal burns 
off without further heating after the specimen 
is brought into contact with a flame (Hiittig 
and Brodkorb, Z. anorg. Chem. 1925, 144, 341). 
When an ethereal solution of chromic chloride 
and phenyl-magnesium bromide is shaken 
with hydrogen gas, a black precipitate is formed 
of the composition CrHg (Weichselfelder and 
Thiede, Annalen, 1926, 447, 75). 

Chromium Carbonyls. —The hexacarbonyl 
is formed when carbon monoxide acts on Grignard 
reagents {e.g. CgHg-MgBr) and chromic chloride 
in ether-benzene solution (Job and Cassal, 
BuU. Soc. chim.1927, [iv],41,1041). After hydro¬ 
lysis the product is steam-distilled and Cr(CO)g 
is obtained by vacuum-sublimation as colourless, 
strongly refracting, orthorhombic crystals, iso- 
morphous with Mo(CO)e and W(CO)g, and 
readily soluble in inert organic solvents. It is 
so volatile that it disappears from a watch- 
glass in a few hours. It melts in a sealed 
tube at 149°-160° and the vapour decomposes 
slowly above 120°, yielding a mirror of pure Cr 
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(Hieber and Romberg, Z. anorg. Chem. 1936, (L’Ind. Chimiea, 1932, 7, 1001), a solution of 
221, 321). When heated with pyridine in a chromic sulphate at 32*5° contains 34*5% of 
sealed tube under suitable conditions it yields the violet form, between the concentrations 
bright red Cr{CO) 3 (C 5 H 5 N)j,, yellowish-red 3-5 and 7%, and equilibrium is established within 
Cr 3 (CO) 7 {C 5 H,N) 6 , anti yellow 28 days from either side. Although hydrolysis 

n irrw /r* ui m\ doubt occurs in the violet solution (Denham, 

t.r(UUl 4 ( 05 M 5 rsij 2 2 . anorg. Chem. 1908, 57, 301), the change of 

(Hieber and Miihlbauer, ibid. 221, 337). For colour on boiling is probably due to the forma- 

organo-mctallic compounds of chromium, see tion of green complex ions. These have been 
J. Newton Friend, “ Inorganic Chemistry,” variously formulated to indicate the masked 
vol. xi, pt. 4, C. Grithn & Co., London, 1937 ; —SO 4 groups and the combined water. Zaldes 
E. Krause and A. von Grosse, “ Chemie der (d. Gen. Chem. Russ. 1939, 6 , 1325; A.I, 
metall-organischen Verbindungen,” Berlin, 1937. 1937) writes 
Chromium Phosphate, prepared by mixing 
cold solutions of chrome alum and of disodium (Cr(OH,),ySO,),+ H,0 

hydrogen j)hosphato is an amorphous violet [Cr(H 20 ) 4 ^S 04 ) 2 J-i H'+[Cr(H 20 )r,OH]‘’SO 4 
precipitate which loi't in contact with the solu¬ 
tion be(;omes crystalline and has the com- Basic complexes in chromic sulphate solutions 
position CrP 04 , 6 H 20 . On boiling with water are considered to be cd'cctive in chrome 
it is converted into the green crystalline hydrate tanning (J. A. Wilson, .1. Amer. Leather 

CrP 04 , 4 H 20 . A green amorphous hydrate Chem. Assoc. 1939, 31, 196; cj. Stiasny ct al.j 
of this composition is obtained by precipitating Collegium, 1928, 49, 72). The green crystalline 
a hot chrome alum solution wuth excess of suljduite, Cr 2 (S 04 ) 3 - 12 H 2 O, is prepared by 
Na 2 HP 04 . A dihydrate may be prei)ared by passing SOg into a coiKientrated CrOg solution 
heating the hexahydrate in air, but at low at and crystallising in vanio (Krauss ct at., 
redness an anhydrous black salt and at a higher /.c.). In a scries of papers in the (-omptes 
temperature a green basic salt is obtained rendus from 1906 to 1907, (Jolson described the 
(Joseph and Rae, J.C.S. 1917, 111 , i, 196). preparation of grt'en hydrated sulphates with 
Green pigments, know'ii as vert Arnaudon and respectively 3, 2, and 1 masked SO 4 groups, 
vert Pleasy^ have been prepared by reducing a the two latter salts being successive stages in 
solution of potassium dichrornate and adding a the hydrolysis of the first, f CPg( 804 ) 3 ]. 
solution of an acid phosphate (r/. Carnot, Recoura (Ann. ('him. 1896, [vii], 4, 611) prepared 
Coinpt. rend. 1882, 94,1313; ('hrome Greens, the mono-, di-, and trichromoHul])huric acids 
this vol., p. ]07d). by heating a green crystalline hydrate, 

Chromium Sulphate, Cr 2 (S 04 ) 3 , a crystal- Cr 2 (S 04 ) 3 , 8 H 20 , with 1 , 2 , or 3 mols. of 
line red powder obtained by heating the sulphuric. a(!id to 110°-120°. The acids are re- 
hydrated salt above 325° in vacuo (Krauss, spectively di-, tetra-, and hexabasic, correspond- 
Querengdsser, and Weyer, infra). It is insoluble ing to the proposed formulse [Cr 2 (S 04 ) 4 ]H 2 , 
in water (Friedrich and Blickle, Metallurgie, tCr 2 ( 804 ) 5 ]H 4 , and [Cr 2 ( 804 ) 6 ]H 3 . They 
1910, 7, 323), as is the acid salt, Cr 4 H 2 ( 804)7 dissolve to deep green solutions in water which 
(Caley and Burford, Ind. Eng. Chem. [Anal.], if freshly prepared do not give the reactions of 
1936, 8 , 93). Series of violet and of green Cr or SO 4 ions. According to Kiintzel et al.^ 
crystalline hydrates are known and also of chromium sulphate complexes are contained in 
green amorphous hydrates. Krauss, Quoren- a boiled and cooled chromic sulphate solution, 
gasser, and Weyer (Z. anorg. Chem. 1929, Masking of chromic salts occurs on adding a 
179, 413) quote from the literature violet neutral salt containing an anion common to 
hydrated sulphates (TystaUising with 18, 17, both (Collegium, 1936, 484). Montemartini 
16, 16, 14, 12, 6 , 6 , 4 mols. of water, and and Vernazza {l.c. 8 , 446) prepared a saturated 
green hydrated sulphates crystallising with 11 , solution of chromic sulphate, Cfg ( 804 ) 3 , 1 7 H 2 O, 
8,7, 6 ,5 mols. Their paper describes the prepara- at 18° containing 84-8% of this salt, and state 
tionofviolethydrates with 18,9,and3 H20,al80 that the equilibrium violet^F^green was not 
of the green crystalline hydrate with I 2 H 2 O, affected by addition of alkali sulphate, the 
and the green amorphous hydrate with 1 SHjO. percentage of violet salt in this solution was 
The solution of this last salt is precipitated by 51*68. 

BaClj on boiling, but not in the cold. Cold Chrome Alums. —The double sulphates of 
solutions of the violet hydrates are completely chromium and potassium or ammonium, 
precipitated by BaCl 2 . The ordinary violet M 2804 ,Cr 2 ( 804 ) 3 , 24 HoO, are important 
hydrate with 18 HgO is obtained by crystallising, chemicals; they crystallise in large violet 
or by adding alcohol to a solution of chromic octahedra and are very soluble in water. The 
hydrate in the calculated quantity of sulphuric corresponding sodium salt does not crystallise 
acid. Its crystal water has also been reported so readily. The ammonium salt is made by 
as 17 mols. H 2 O (inter alia Werner and Gubser, mixing molecular proportions of the constituent 
Ber. 1901, 34, 1592; Montemartini and Ver- sulphates, potassium chrome alum is a common 
nazza, LTnd. Chimica, 1933, 8 , 445). The by-product from oxidations with potassium 
violet solution begins to turn green at 65° and dichrornate, although on the largo scale, e.g, 
the change is complete on boiling. Alcohol anthracene anthraquinone, the chromic acid 
now precipitates a green basic salt (Venable and solution is regenerated by electrol 3 d.ic oxidation 
Miller, J. Amer. Chem. Soc. 1898, 20, 484). of the chromic sulphate solution. Potassium 
The green solution becomes violet on standing, chrome alum melts at 89°, turning green 
According to Montemartini and Vernazza (Tilden, J.C.S. 1884, 46, 409) ; in solution the 
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change occurs at about 78°. Montemartini and 
Vernazzi (l.c. 8, 445) state that the saturated 
solution at 18° contains 28*2% of 

K2S04Cr(S04)3-24H20, 

of which 51*75% exists as a violet salt ; the 
saturated solution of the sodium chrome 
alum contains 94*8% of the salt with 24 H 2 O, 
of which 51*7% exists as a violet salt. Chrome 
alum is used in paper-making, photography, 
dyeing, printing, and tanning. Immersion in a 
bath of chrome alum hardens gelatin films and 
renders them insoluble, an effect attributed to 
the fixation of chromic hydrate. 

Pure crystallisable violet chrome alum may be 
prepared by the electrolysis of a solution of 
potassium dichroraate mixed with sulphuric acid. 
The liquor is circulated in the cathode compart¬ 
ment which is separated from the anode by a 
porous vessel. The cathode is preferably of 
carbon. Uilutc sulphuric acid is cinmlatcd in 
the anode compartment and the anode may be 
copper with copper turnings to utilise the SO 4 
ions (Chaumat, F.P. 459677, G.W 265170). 

Chrome alum is manufactured from ferro- 
chromium by C’hemischo Fabrik in Billwarder, 
vorm. Hell and Sthanier A.G., and Hasenclever, 
by dissolving the alloy in sulphuric or hydro- 
(ihloric acid and adding to the solution sufficient 
alkali to ])r( 5 cipitate only the chromium present; 
the precipitate is converted into chromic sul¬ 
phate and chrome alum in the usual way (B.P. 
187232). In a similar process the same 
patentees 8 e})arato about half the iron by 
crystallisation as ferrous sulphate and centri¬ 
fuging. The liquor, from 1,000 kg. of ferro- 
chromium and 3,000 kg. of 8 uli)huric acid, is 
next treated with potassium sulphate, 10 kg. of 
potassium dichromate, and 3 kg. of sulphuric 
acid, while sulphur dioxide is passed into 
the liquor, chrome alum then crystallises (B.P. 
187231). The crystaUisation of chrome alum 
is accelerated if the potassium sulphate is added 
to a solution of chromic sulphate previously 
acidified with sulphuric acid and heated to 
30°-45°, and the solution then cooled rapidly 
w'hilo stirring (l.G. Farbcnind. A.G., B.P. 
260885). For use as a mordant, a solution of 
chrome alum is readily prepared by adding 
sugar or glucose to a hot solution of potassium 
dichromate and sulphuric acid. Another pro¬ 
cess depends on the insolubility of a basic 
chromic sulphate. Aqueous chromic sulphate 
containing ferrous sulphate produced by dis¬ 
solving ferrochromium in sulphuric acid is 
treated while hot with hydrated lime to neutralise 
the free acid and filtered from CaS 04 . The 
filtrate diluted to 4-5 times its volume with hot 
water deposits basic chromic sulphate which can 
be economically converted into CPj( 804)3 
and chrome alum (W. Hene, B.P. 418714). 

A violet chrome alum solution requires the 
normal amount of NaOH for complete pre¬ 
cipitation, but after boiling, only f of the 
theoretical amount. Non-ionised SO 4 in the 
complex varies from half the total SO 4 in a 
boiled 1 % solution to two-thirds the total in a 
boiled solution of 150 g./l. This latter solution 
contains the complex [Cr 4 (OH) 2 ( 804 ) 4 * 12 HoOJ 
(Atkin and Chollet, J. Soc. Leatner 


Trades’Chem. 1934, 18. 356; Ch. Abs. 1934, 
6078). Chrome tanning, as affected by the 
formation of complexes and by the solubility 
of basic chromic sulphates, is discussed, by the 
same authors (Cuir tech. 1934, 23, 142; cf, 
Kiintzel, Kinzer, and Stiasny, Collegium, 1934, 
213). The pii of solutions of basic chromic 
sulphate and the absorption of Cr 203 therefrom 
during tanning has been studied by Britton 
(“ Hydrogen Ions,” 1929). Basic chrome alum 
solutions are used in the one-bath process of 
chrome tanning. F oUowing earlier authors, 
humiere and Seyewitz (Bull. Soc. chim. 1903, 
[hi], 29, 1077) found that Recoura’s green basic 
sulphate, 2 Cr 203 , 5803 , hardens gelatine more 
efficiently than chrome alum. 

Chromium Chlorate, Cr 2 (CI 03 ) 6 . —Solu¬ 
tions of this powerful oxidising agent have 
been prepared in calico printing works by mixing 
solutions of chrome alum and potassium or 
barium chlorate. It has been suggested for the 
production of ungreenable aniline blacks, but is 
consideretd to be liable to tender the fibre. The 
solution has a strong smell of chlorine and 
gives off oxides of chlorine when heated. It has 
been proposed as a mordant for catechu 
browns {cf, Knecht and Fothergill, “ Textile 
Printing,” Isted. 1912, 201; 2nd. ed. 1924, 211, 
C. Griffin & Co., London). 

Chromium Dioxide, CrOg, and intermediate 
oxides, xCrgOgyCrOg. Manchot and Kraus 
(Ber. 1906, 39, 3512) heated blue chromic 
hydrate, pre(;ipitated from chromic chloride 
solution by ammonia, to 330° in a current 
of ox^'gen, and obtained a black hygroscopic 
powder wdiieh on heating to a higher tem])erature 
glowed and evolved a volume of oxj'gen corre¬ 
sponding to 4 Cr 02 =^ 2 Cr 203 f Og. L. Blanc 
(Ann. Chim. 1926, [XJ, 6 , 182) precipitated 
brown 2 Cr 203 ,Cr 03 =Cr 309 by adding a 
j solution of a chromic salt to a solution of 
I potassium (diromate, but not if the order of mix¬ 
ing is reversed. A table of these intermediate 
oxides has been compiled by Blanc (hr., 199). 

Chromium Chromate, Cr 03 ,Cr 203 , 7 H 20 . 
—.Jovitschitsch (Helv. Chim. Acta, 1920, 3, 40) 
states that when a solution of chromicj oxide in 
HNO3 is evaporated until excess of acid is 
removed and the residue dissolved in water and 
treated with ammonia a brown substance is 
precipitated which is bla(5k when air-dry. 
Analyses give the formula Cr 2 ( 0 H)g,H 20 or 
Cr 03 ,Cr 203 , 7 H 20 . It loses 1 HgO over 
H 28 b 4 . 2 H 2 O at 105°, and 4 H 2 O at 205°. 
By dissolving CrgOg in HNO3 and evaporating 
and heating to 290", a black product is obtained 
believed to be Cr 03 *Cr 203 {cf, Jovitschitseh, 
Monatsh. 1912, 33, 9 ; 1913, 34, 225). For 
other preparations, see under chromic oxide, 
and the decomposition of CrOg by heating. 

Chromic Anhydride, Chromic Acid, CrOg. 
—^This oxide is usually prepared by mixing ex¬ 
cess of concentrated sulphuric acid with a 
saturated solution of potassium or sodium di¬ 
chromate or by digesting barium chromate with 
dilute sulphuric acid and evaporating the 
filtrate. The crystals which separate contain 
sulphuric acid if made by the first process and 
either barium dichromate or sulphuric acid if 
made by the second, and must be purified by 
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crystallisation after addition of the required 
quantities of either barium chromate or sulphuric 
acid. Commercial “ pure ” chromic acid has 
been known to contain sulphate (Adcock, J. 
Iron and Steel Inst. 1927, 115, 369). In one 
early method Warington (I^hil. Mag. 1842, 20, 
453) mijsed 10 volumes of cold saturated potas¬ 
sium dichroniate solution with 12-15 volumes of 
cone, sulphuric acid, and collected the separated 
crystals on a filter of broken glass transferred 
them to porous plates and recrystallised the 
crude product from a little water. Bunsen 
(Annalen, 1868, 148, 290) mixed 5 parts of 
sulphuric a(;id with 11 parts of a solution 
containing i part KgCPgO,, after 24 hours 
the CrOg crystals which separated were 
filtered off by suction, washed with nitric acid, 
and heated in a current of dry air at 60^'-80'‘. 
Zethow (Bogg. Ann. 1871, 143, 468) states that 
the nitric acid should be not less than 1-46 
8 p.gr. An anonymous author (J. Chem. Eng. 
China, 1936, 3, 39) treats KgCfgO, with 68 % 
nitric, acid and separates the CrOg from KNO 3 
by fra(itional crystallisation. The yield is 90% 
of CrOg of 98% purity, suitable for chromium 
plating baths (cf. Leo and Kung, B, 1937, 901). 

Metals Prote(;tion Corporation (B.P. 307061) 
wash the crude CrOg with sulphuric acid to 
remove NaHS 04 , or remove the greater part 
of adhering mother liquor by heating, and pre¬ 
cipitate residual aulj)huric acid by adding 
Ba{OH)2, BaCOg, or BaCr04. Bolley 
(Annalen, 1845, 56, 113) had already pointed 
out that CrOg is least soluble in sulphuric acid 
of the composition H 2 S 04 -f HgO. Several 
methods start from calcium chromate. Kirk- 
hgof, Korzina, and Astrova boil calcium chromate 
until it is converted into the diffi(;ultly soluble 
2 CaCr 04 ,H 20 , which is filtered off, washed, 
and decjornposed with sulphuricj acid, the filtrate 
from the CaS 04 is treated with sulphuric acid 
and CrOg crystallised and centrifuged (Khim 
Farm. Prom. i934, 1 , 38 ; cf. Kakovski, J. Phys. 
Chem. Russ. 1928, 60, 13). Vetter, assr. to 
Natural Products Refining (,\>. (U. 8 .P. 2034256), 
desciribes the cjonditions for preparing CrOg 
of high purity by the action of H 2 SO 4 on 
NUgCrgO^. Polyanskii treats a solution of 
calcium chromate (2 pt.) with H 2 SO 4 (1 pt. 
d 1-84) in successive portions, heating on the 
water bath and removing CaS 04 between 
each addition, until no more is precipitated; 
finally CrOg is crystallised and purified by 
Bunsen’s method {v. supra ; Trans. Inst. Pure 
Chem. Reagents, Sci. Tech, llept. U.S. 8 .R. 
1929, No. 300, 143). Tanabashi (Japan P. 
99439, 1933) treats sodium dichromate with 4-5 
times its equivalent of sulphuric acid of 55°-58° 
B 6 , sodium hydrogen sulphate dissolves while 
CrOg is precipitated in fine crystals, which are 
recrystallised from dilute sulphuric acid and 
washed with a saturated solution of CrOg to 
remove sulphuric acid. J. W. Boss (U.S.P. 
2055961, 2055969) electrolyses a sodium 

chromate solution, d 1*4. This forms a lower 
layer in a coll of which the upper half is divided 
by an impermeable partition into an anode 
and cathode compartment containing respec¬ 
tively as upper layers chromic acid solution and 
caustic soda solution, each of d 1-2. The 


sodium chromate solution is continuously 
fed into the lower part of the cell, wLile NaOH 
and CrOg solutions overflow separately from 
the upper compartments. Angelini and Pane- 
bianco (1\P. 770734) heat chromite mixed with 
sawdust or peat t(^ 400°, cihloririo is then passed 
over the porous material. It was already 
known (Moissan, Compt. rend. 1880, 90, 1357) 
that chromyl chloride, CrOgClg, is formed in a 
similar reaction. With water this gives CrOg 
and hydrochloric a(!id. Udy (assr. to Electro 
Metallurg. (k)., U.S.P. 1878918) claims an 
electrolytic process in wliich an anode of ferro- 
chrome dissolves in sulphuric acid, d 1*38-1-52, 
contained in the anode compartment. CrOg 
is crystallised from the acid. 

Chromic anhydride (often termed cJiromic 
acid) is a strongly acid substance (uystallising in 
scarlet rhombic bipyramids. Its formula is 
CrOg; the acid of the formula HoCrO^ has 
not been isolated. A thermal study of the 
system CrOg — HgO did not reveal the presence 
of any compound (Buchner and Prins, Z. 
physikal. Chem. 1913, 81, 113). The crystals 
have a specific gravity variously stated, with 
2*737/14° and 2*819/20° as limits. The highest 
value recorded for the melting-point is 198°, 
(.laeger and Germs, Z. anorg. CLeni. 1921, 119, 
145). When heated to 125° under 16 mm. 
pressure it sublimes in red needles (Arctow'ski, 
ibid. 1895, 9, 29). At a temperature above but 
near its melting-point it decomposes into 
chromic oxide and oxygen. Above 250° 
it is said to yield a residue of the oxide Cr^Ojg 
(Cr 20 g* 3 Cr 03 ) which may be purified by 
boiling with water. According to Simon and 
Schmidt (Z. anorg. Chem. 1924, 152, 191) this 
oxide is formed betw^een 370° and 450°. Its 
existence is supported by the experiments of 
Honda and Sone (Sci. Rep. Tohokw, 1914, 3, 
223). A saturated solution of chromic atiid at 
15° contains 62*4 g. CrOg in 100 g. solution. 
The nature of the ions in dilute solutions of 
chromic a(!id has been the subject of many 
investigations, but the results are in conflict. 
Britton (J.C. 8 . 1924, 125, 1572) from electro¬ 
metric titration concluded that in dilute solution 
the ions are H+ and HCr 04 ~. 8 pitalsky ’8 
results are in agreement (Z. anorg. Chem. 1907, 
54, 265). The dissociation to the second stage 
HCr 04 “ ^ H+4 Cr 04 — is extremely small. 
Other authors, including Ostwald, have argued 
that the aqueous solution contains CfgO^ 
ions. 

Chromic anhydride is a powerful oxidising 
agent. Warm, anhydrous alcohol inflames when 
dropped upon it, and even dry ammonia gas is 
oxidised with production of water and nitrogen. 
Addition of oxalic acid is said to increase its 
oxidising power. The solution in water, sul¬ 
phuric acid or acetic acid is largely used as an 
oxidising agent in organic work. In most of 
these oxidations precautions must be taken to 
moderate the velocity of the reaction. When 
acetic acid is used as the solvent, the substance 
to be oxidised is usually dissolved in the same 
solvent, and the oxidising solution slowly added, 
the temperature being kept sufficiently low, t.e. 
seldom above 160°, Chromic acid, as an oxidis¬ 
ing agent, has the advantage that the end of 



CHROMIUM. 


103 


the reaction is frequently indicated by a pur© 
green colour. 

It has the property of producing a permanent 
yellow colour on silk or wool, but not on 
cotton. The chromium in such material may 
bo converted into lead chromate upon the fibre 
or further dyed by logwood, etc. Chromic 
anhydride usually contains sulphuric acid and 
sulphates or nitrates. 

Chromates. —All chromates are prepared 
directly or indirectly by the action of oxidising 
agents on ferro(!hrome or on chromite, 
Fe 0 ,Cr 203 {q.v.). Both the normal and acid 
chromates are of importance industrially. The 
normal chromates of sodium and potassium, 
M 2 Cr 04 , arc readily converted into the di¬ 
chromates, MgCPgO^, by the addition of 
sulphuric acid to their solutions, which then 
change from yellow to orange. A basic chromate, 
orange chrome, Pb 0 -PbCr 04 , is also manu¬ 
factured in connection with chrome yellow, 

PbCr 04 . 

A great number of processes have been 
pro])OH('d for the conversion of CCgOg in 
chromite into Cr 03 ; the oxidising agent is now 
atmospheric oxygen acting on an alkaline fusion 
of the ore. 

In former times the ore was mixed w'ith about 
two-fifths of its weight of potassium nitrate 
and ignited on the bed of a reverberatory fur¬ 
nace, the oxygen required for the oxidation of 
sesquioxide into the anhydride and the potassium 
for its conversion into potassium chromate 
being both provided by the nitrate. A great 
saving was introduced by the substitution of 
atmospheric oxygen as the oxidising agent in 
place of the nitre, the potassium being supplied 
by potassiiirn carbonate or, as proposed by Watt, 
by potassium sulphate (cf. Gif)bK, assr. to 
National Electrolytic Co., U.S.B. 901436, 
1908). 

In the modern j)rocc 8 s a mixture of chromite, 
soda ash, and lime is heated in a controlled 
supply of air to a high temperature in a rever- 
beratorv or in a rotating fiirna('e. 

Sofianopoulos (d.S.C.I. 1930, 49, 279T) 

recommends a furnace charge of a finely 
powdered (60 mesh) mixture of 340 lb. of chrom¬ 
ite (53-6% CraOg), 270 lb. soda ash (92%), 
300 lb. lime (85% alkalinity), and a reaction 
temperature of 1,400^'F. X uidcr these conditions 
the re(^ove^y of soluble sodium chromates was 
94-5% of theory, and the method of working 
des(!ribed in the original avoids as much as 
possible the loss due to production of calcium 
chromate, which in practice was found to be 
very slowly soluble in boiling water. 

In another method of working these difficulties 
are overcome; fusion of the charge is avoided 
and the calcium chromate produced is boiled with 
sodium carbonate in vats fitted with stirrers. 
The filtrate is concentrated in vaevo, and a slight 
excess of sulphuric acid added, when the greater 
part of the sodium sulphate separates, the 
remainder is removed during further concentra¬ 
tion, and finally sodium dichromate crystallises 
out. 

The sodium carbonate may be partly re¬ 
covered if the sodium chromate is converted into 
diohromate by passing into the solution carbon 


dioxide under pressure so long as sodium bi¬ 
carbonate is precipitated. This salt then returns 
to the process and the conversion of chromate 
into dichromate is completed by the addition 
of the required amount of sulphuric acid. The 
leas soluble potassium salt is obtained by 
adding potassium chloride to the solution of 
Na^Cr^Oy. Ihision of chromite Avith caustic 
soda has been suggested (G.P. 151135, 163814, 
and 171089). A direct production of sodium 
dichromate has been claimed by Bezel-Maletra 
ISoc. indiiatr. de prod. chim. (G.P. 625568), in 
which the chromite ore is heated in a rotary 
furnace w ith soda-ash in a current of air. In a 
wet process owned by the same Company (J. E. 
Demant assr.) the chromite is treated wuth 
ox 3 ^gen gas in an aqueous medium under pressure 
at temperatures above 100 ” in presence of 
N 82804 or other salt yielding active cations 
(U.S.P. 2012061), or ferrochromium, and 

NaOH, KOH, or K 3 PO 4 are the starting 
materials (U.S.P. 2012062, B.P. 416624). The 
anodic oxidation of chromic salts to chromates 
has been studied by Gross and Hickling (J.C.S. 
1937, 325), who explain the results b^^ assuming 
a primary formation of HgOg at the anode. 
Spent (chromic acid baths from oxidation 
processes are regenerated by electrolytic oxida¬ 
tion in the anode compartment of a divided 
coll by a method invented by the l.G. Karbenind. 
A.-G. The same patentees manufacture potas¬ 
sium di(!hr()mate by heating a mixture of 
chromic oxide and potassium hydroxide to 300”- 
380” in a revolving pan in prcisence of air or 
oxygon (B.P. 416744). According to another 
patent of the same origin, sodium dichromate 
is manufactured from aqueous sodium chromate 
containing 475 g./l. of CrOg by treatment at 
60”-80” with CO 2 under pressure, and cording 
without releasing the y)ressure. The conversion 
of mono- into dichroniato is thus 90%, while 
NaHCOg separates and is removed. The 
filtrate is concentrated to 800-820 g./l. of CrOg 
and again treated wdth COg to complete the 
conversion into Na 2 Cr 207 (l.G. Karbenind. 
A.-G., B.P. 424821). 

The dry method of chromate production has 
been investigated with the following results : 

Calcium and chromic oxides begin to interact 
in the presence of air to form calcium chromate 
at 650”; at 700° a 95% yield of chromate is 
obtained with mixtures containing 2 equi¬ 
valents of CaO to 1 of chromic oxide and a 60% 
yield when the ratio is 1:1. Pure calcium 
chromate does not begin to decorapose until 
1,000° is reached. Sodium carbonate and 
chromic oxide readily react to form chromate at 
a temperature below 660°; the salt melts at 
800° and remains undecomposed after prolonged 
heating at 1,000° (M. R. Nayar, H. E. Watson, 
and J. J. Sudborough, J. Indian Inst. Sci. 
1924, 7, 53). 

Alloys. —Various alloys of chromium have 
been prepared, chiefly by reduction in the 
electric furnace, by the “ thermit ” method, or 
by the usual mixture of molten metals. 

Molten zinc dissolves but little chromium; 
a hard and brittle alloy has been obtained in the 
form of hexagonal lamellee. Aluminium and 
chromium mixtures, containing between 6 and 
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66% chromium, separate into two liquid layers, 
and probably contain a compound, CrgAI. The 
alloys with a low percentage of chromium are 
brittle, one containing 13% chromium can be 
powdered in a mortar. 

Alloys with antimony arc brittle, and com¬ 
pounds represented by SbCr and Sb 2 Cr are 
known. Chromium alloys with copper with 
difficulty, but an alloy can be obtained by 
stirring in copper oxide into a molten alloy of 
aluminium and chromium (Moissan). The liquid 
metals are miscible only to a small extent. 

Silver and chromium, although partially 
miscible in the liquid state, form no solid 
solution. Molten cadmium does not dissolve 
any chromium. Molten mixtures of lead 
and chromium, containing more than 27% 
load, separate into this mixture and pure 
lead. 

Platinum-chromium. —^V. A. Nemilov (Z. 
anorg. Chem. 1934, 218, 33) finds that the Brinell 
hardness-composition curve of Cr-Pt alloys 
shows well-marked minima corresponding with 
compounds CPgPt and CrPt. Examination 
of the micro-structure confirms the existence 
of the latter. Alloys quenched from a high 
temperature show only mixed crystals, from 
which CrPt separates on annealing. In 
annealed specimens there is a continuous series 
of mixed crystals between 0 and 25 atomic %, 
and another between 65 and 100 atomic % Pt. 
The electrical resistance rises very steeply with 
increasing Cr content up to 13 atomic % Cr, 
beyond which the alloys are no longer ductile. 
Alloys containing 4-5% Cr have about five 
times the resistance of Pt, and a higher melting- 
point. HjSO*, HCI, and HNO 3 , dilute or 
cone., show no action either at room tempera¬ 
ture or at their boiling-points, on polished 
surfaces of alloys with a Cr content not greater 
than 14 atomic %. 

Chromium-nickel. —G. Voss (Z. anorg. 
Chein. 1908, 57, 34) finds that the system 
CrNi is homogeneous in the liquid phase with a 
series of mixed crystals in the solid state, the 
curve showing a deep minimum at 1,290° and 
40-42% nickel. 

In the system chromium-nickel, Matsunaga 
(A, 1930, 680) states the components are 
miscible in all proportions in the liquid phase; 
in the solid phase the eutectic m.p. 1,346° con¬ 
tains 49% N i. The best workable acid-resisting 
alloy contains 16-35% Cr. 

X-ray investigation of the nickel-chromium 
system by E. R. Jotte, V. H. Nordstrom, B, 
Queneau, and F. Foote (Amor. Inst. Min. Met. 
Eng., Inst. Met. Div., Tech. Pub., 1934, No. 
522) shows that below 1,150° there are two 
terminal solid solutions with an intervening 
two-phase area. On the Cr side the solubility 
of Nl in Cr is low, but increases rapidly at 
over 900°. The solubility of Cr in Ni increases 
uniformly and rapidly with rise in temperature, 
that at 1,153° being nearly 53 wt.% Cr, 
which is beyond the eutectic point as deter¬ 
mined by thermal analysis. The only structures 
observed were body-centred Cr, face-centred 
Ni, and occasionally rhombohedral CroOg (c/. 
Nishigori and Hamasumi Sci. Rep. T6hoku 
Univ. 1929, 18, 491). 


Nickel-chromium alloys with less than 90% 
nickel are non-magnetic. 

Cobalt-chromium. —Cobalt and chromium 
are miscible in all proportions, both in the liquid 
and the solid states, and yield a mixture of 
minimum melting-point 1,320° with 47% Cr. 
Homogeneous alloys, with 30% Cr, when cooled 
separate into two sets of (Tystals, Lewkoiija, Z. 
anorg. Chem. 1908, 59, 325.) 

Wever and Haschimoto (Chem. Zentr. 1930, 

l, 3482), in reconstructing the equilibrium 
diagram for the system cobalt-chromium, state 
that on account of the small velocity of diffusion 
of the components complete equilibrium is 
attained only with difficulty. Chromium has 

m. p. l,765°ii: 10°. Cobalt and chromium are 
miscible in the fused state in all proportions. 
The eutectic is at 1,408° and 42% Cr. Up to 
38% Cr the mixed crystals are face-centred 
cubic, whilst above 48% Cr they are body- 
centred. The compounds COgCrg and CoCr 
(tetragonal, with 8 mols. in the unit coll) probably 
exist. The temperature of polymorphic a-p 
transformation is maximal for 7*5% Cr, falling 
with a higher chromium content. The tempera¬ 
ture of magnetic transformation falls almost 
proportionally to the chromium content. The 
resistance to corrosion by acid is considerable, 
being greatest for nitric and least for hydro¬ 
chloric acid (for the industrially important 
CrCo alloys, see this vol., p. 2176, SteUito 
Alloys). 

Copper-chromium. — In the system of 
copper-chromium there is only partial miscibility 
in the liquid state with a eutectic near the copper 
end (1*5% Cr, 1,076°). the limit within which no 
mixture of the two liquids is formed being 37-- 
93% chromium, above 1,470°. In the solid state 
only heterogeneous mixtures of two crystal 
species are obtained, chromium and the eutectic 
rich in copper. In the ternary system Cr-Ni- 
Cu the heterogeneity of the Cu-Cr system is 
55% removed by addition of Ni (Siedschlag, 
Z. anorg. Chem. 1923,131, 173) 

Chromium-molybdenum (Siedschlag, ibid 
131, lOl—Molybdenum dissolves readily in chrom¬ 
ium until the mass contains 25% Mo. The curve 
showed a eutectic at l,460°-22-7% Mo. The 
liquid is homogeneous, but no mixed crystals 
are formed below 22*7% Mo, the solid con¬ 
sisting of chromium crystals and the eutectic 
mixture. Above this proportion the solid con¬ 
sists of the eutectic and crystals of molybdenum 
containing 2*6% chromium. 

Carbon-chromium. —These alloys fall into 
two groups : (1) Those containing 8*5% carbon, 
completely soluble in hot 24% hydrochloric acid ; 
(2) those containing more than 8-5% carbon, 
partly soluble in the same acid, obtained by 
melting chromium (prepared by the aluminium- 
thermic process) in a crucible of pure carbon 
at temperature varying from 1,840° to 2,567° 
for 15 minutes and stirring with a carbon rod. 
The alloys of the first group leave a residue of 
practically pure CrgCj, which forms silvery 
crystals, d. 6-915, m.p. 1,665°. No trace of 
Cr^C, described by Moissan, was found. The 
alloys containing more than 8-5% carbon con¬ 
tain no free chromium, only carbide and 
graphite. The carbon content of the saturated 
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alloy at 1,840° is 12-42% carbon; at 2,233° 
14-03%, and at 2,667° 23-12%. With 24% 
HCI an alloy dissolves, indicating Cr^Cj. 
The insoluble residue contains graphite and 
CPgCg. This is resistant to all acids and is 
darker than Cr^Cg, d. 6-683, m.p. I,890dbl0°. 
It is decomposed by chlorine at a red heat, 
forming the trichloride and carbon. The 
chemical composition of the alloys rich in 
carbon is unaffected by the rate of cooling, but 
larger crystals are developed when the cooling is 
retarded. An alloy saturated with carbon boils 
at 2,670°/8-14 mm. pressure, the vapour being 
pure chromium (Ruff and Fochr, Z. anorg. 
Chem. 1918, 104, 27-46). Maurer and Nienhaus 
(Stahl u. Eisen, 1928, 48, 996), from collected 
analyses, show that the carbides of chromium 
are CPgCg, Cr^Cg, Cr^Cg. 

Kraiczek and Sauerwald (Z. anorg. Chem. 
1930, 185, 193) investigated the system 

chromium-carbon between 6-13-3% carbon by 
means of heating and cooling curves and 
examination of micro-structure and density and 
observed that in the interval between 8-32-9-9% 
carbon mixed crystals were formed and a trans¬ 
formation occurs at 1,465°. The evidence indi¬ 
cates the existence of Cr^Cg and CrgCg, but 
not Cr^C or Cr^Cg. Westgren and Phrag- 
mcn {ibid. 187, 401) state that the chromium- 
chromium carbide eutectic has 3-4% carbon, not 
4-5%. A eutectic carbide of the formula Cr^Cg 
is indicated in addition to Cr 4 C,Cr 3 Cg. 

Schenck, Kurzen, and Wcsselkock (Z. anorg. 
Chem. 1932, 203, 159), in studying the syn¬ 
thesis of carbides from the metals and CH 4 , 
find that CH 4 reacts with Cr at 600°-800°, 
forming CpgCg and a C-rich mixed-crystal 
phase containing 11-5% C in equilibrium 
with the CPgCg phase. The C content of the 
mixed-crystal phase can be increased to 12-5% 
by further treatment with CH 4 ; this phase 
probably contains CPgCg. 

By means of tlie equilibrium diagram of the 
chromium-carbon systi-m, Hatsuta (J. Study 
Met. 1931, 8 , 81-88) finds four carbide I)ha 8 e 8 , 
e, 17 , and k, corresponding respectively with 
Cr 4 C (cubic), Cr^Cg (trigonal), CPgCg (ortho¬ 
rhombic), and (?) CrC. A eutectic (a-j-c) 
lies at 1,485°, 3-7% C. The e and rj phases are 
peritectically formed thus : 7 ;-f melt -> e(l,5.30°), 
f+melt-^-); (above 1,600°). The ^ phase pro¬ 
bably has the maximum melting-point on the 
liquidus curve, and forms a eutectic with 
the K phase; a transformation takes place at 
1,505° in this phase. 

Iron-Chromium. —With iron the alloys of 
chromium are of great interest. The system 
Cr-Fe on solidification exhibits an unbroken 
series of mixed crj^stals. aFe-Cr and 3Fe-Cr 
show complete miscibility, while yFe (stable 
between 906°-l,400°) forms mixed crystals 
with Cr up to 14% (Bain, Trans. Amcr. Soc. 
Steel Treat. 1926, 9, 9 ; Oberhoffer and Esser, 
Stahl u. Eisen, 1927, 47, 2021 ; Maurer and 
Nienhaus, ibid. 1928, 48, 996 ; Wever, ibid. 
1929, 49, 839 ; Chem. Zentr, 1931, ii, 2924 ; 
Bain and Griffiths, Trans. Amer. Inst. Min. Met. 
Eng. 1927, 75, 166). The presence of chromium 
in iron or steel produces a much finer texture, 
greater hardness, tenacity, and elasticity, and 


greater smoothness of fracture. Chromium 
lowers the APg point, eventually causing its dis- 
api)earance, whilst it raises the APg point of the 
steel, the proportion of chromium required being 
less the higher the carbon, e.g. w ith 0 - 2 % carbon, 
5% chromium is required. Hence chromium 
steels are self-hardcning {i.e. air-hardening). 
Steels containing 15% chromium have been 
used for tools and have to bo cast to shape. 
With 0-5% chromium and 0-5% carbon the 
steel is used for artesian well bits and jars and 
has no equal in the hardened state. With 1% 
chromium and high carbon the steel is used in 
bearing balls, cones, roller bearings, and crushing 
machinery. These low chromium steels, when 
well annealed, can be machined. The principal 
use of chromium is as a constituent of other 
alloy steels especially nickel steels, to which it 
imparts greater toughness and hardness. As 
such it is used extensively in automobile parts 
and in armour plates which are case-hardened 
and quenched. Chrome steel is also used in the 
manufacture of special kinds of files. The alloy 
is usually prepared of the requisite composition 
by the addition of a definite amount of “ ferro- 
chrome,” containing from 40 to 85% chromium, 
to the molten steel. 

Stainless steel cutlery containing Cr 11-14% 
and C 0-3-0-4% was introduced in 1913. For 
chemical plant stainless steel may contain 
Cr 8-18% with Ni 8 % or Mn 4%. These 
alloys resist nitric acid, acetic acid, caustic soda, 
and ammonia. I’ho steel with 14% Cr and 
0-15% C will resist hot but not boiling nitric 
a(;id. Wires of a chrome steel containing a 
high percentage of nickel cjin be fused into glass 
like platinum. Laboratory electric furnaces 
are usually wired with Nl-chrome resistance 
wire (A. IL Kinzel and W. Crafts, “ 3'he Alloys 
of Iron and Chromium,” 1, 1937 ,- ” Low 

Chromium Alloys,” 11 (now published), “ High 
Chromium Alloys,” McGraw -Hill Book Co. Inc., 
New'^ York and London, 1937 ; K. H. Greaves, 
“Chromium Steels,” H.M. Stationery Office, 
London, 1935). For alloys of chromium, see 
Priestley, Ind. Eng. Chem. 1936, 28, 1381; 
for chromium steel in pressure vessel construc¬ 
tion, see Hopkins, ibid. 28, 1386. 

Ferrochrome was formerly prepared from 
rich chrome iron ores in blast furnaces by the 
use of coke and hot high-pressure blast, or in 
crucibles. In 1890 the manufacture was com¬ 
menced in the electric furnace and has gradually 
superseded the other methods. In the produc¬ 
tion of chromium from chromite to form ferro¬ 
chrome, the iron oxide being reduced, reduction 
of chromic oxide begins about 1,185°C. Thirty 
parts of pure carbon are theoretically necessary 
for every 100 parts of iron and chromium 
reduced. On the basis of the double carbide 
FCgCjCrgCg being formed by reduction of the 
chromite the following reaction occurs : 

9FeCr2O4-i-60C 

-[2(Fe3C,3Cr3C2)-} 3Fe]-} 36CO 

The ferrochrome resulting would contain 
theoretically 10-4% carbon, 31-4% iron, and 
58-2% chromium. The ore has to be finely 
ground and is then mixed with anthracite 
coal in the proportion of 37 parts of carbon to 
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100 parts of ore, which forms the above alloy, 
and charged into the furnace. The power 
consumption in a 750 kilowatt furnace of the 
Alby carbide type at Kopperaen, Norway, was 
3-0 kw. hours per lb., or 0*68 kw. year per short 
ton for 5% carbon and 65% chromium ferro- 
chrome. The percentage of carbon in the ferro- 
chromc cannot bo kept low by regulating the cofil 
charged into the furnace, but decarbiirisation 
can be effected with an oxide slag of iron or 
chromium after tapping the slag from the first 
reduction (Trans. Electrochcm. Soc. 1913,176). 

S. Eriksson (Jernkont. Ann. 1934, 118, .530; 
A, 1935, 14.55) confirms the existence of an inter¬ 
mediate a'-phase in the Fe-Cr system (approxi¬ 
mate formula FeCr) {cf. Wever, B. 1932, 469). 

The addition of chromium decreases the mag¬ 
netic properties, but all alloys, to 80% chromium, 
are magnetic. The magnetic juoperty of 
chromium is not increased by cooling in solid 
hydrogen (Compt. rend. 1901, 150, 687). A 
carbide of chromium anrl tungsten of groat 
hardness and of sp.gr. 8-41 has been produced 
in the electric furruKse, and to it the special pro¬ 
perties of chrome tungsten steels are probably 
due. These latter (as well as chrome molybdenum 
steels), containing up to 3% chromium and 16% 
tungsten, are used for the manufacture of 
machine tools. Cobalt is frequently added to 
both classes of tool steel. Steel containing 12% 
Cr may be produced by reducing CfgOg by 
ferro-silicon above a bath of low-carlxm steel 
(Applied Chem. Kept. 1936, 341). 

Basic Oxides. —Two chromium oxides, 
chrornoua oxide, CrO, and chromic oxide, or 
chromium sesquioxide, CCgOg, arc definite basic 
oxides, yielding salts with a,(ads in which 
chromium is present as a divalent or trivalent 
kation, forming the chrornoua and the chromic 
salts. Chromic oxide can also combine with 
bases to form salts, the chromites, of the type 
MCrOg, in which the chromium is present in the 
monovalent anion, CrOg'. Chromic anhydride, 
CrOg, is an acid anhydride forming, with bases, 
salts of the type MgCrO^, the chromates, or 
MgCPgO^, the dichremwtes, in which the 
chromium exists as the divalent anion Cr 04 '" 
or Cr 207 .'" Other oxides have been prepared 
and are usually regarded as compounds of the 
basic and acid oxides, e.g. CrgOg-CrOg— 
chrornic chromate or cdiromium dioxide CrOg. 
These oxides are described on p. 101. 

The salts of chromium are coloured shades of 
violet or green ; all solutions of violet chromium 
salts show similar absorption towards light; 
the spectrum is due, therefore, to the chromium 
ion. In solutions of green complex salts the 
absorption band and limit of complete absorption 
are both shifted towards the red end of the 
spectrum. ] 

Chromous Oxide, CrO, is most con¬ 
veniently prepared by the action of dilute ^ 
nitric acid on chromium amalgam which dis¬ 
solves the mercury leaving chromous oxide as a ^ 
black powder (Dieckmann and Hanf, Z. anorg. 
Chem. 1914, 86, 301). ‘ 

Chromic Oxide, Chromium Sesquioxide, < 
Cr 203 .—This compound is produced by the 
oxidation of metallic chromium and by ignition ( 


, of chromic hydroxide, chromic anhydride, and 
• certain chromates. 

j (1) Amorphous : (a) Prepared by heating 

i potassium chromate or dichromate with a 
) reducing agent, starch, glycerine, sugar, etc., 
and washing the residue with hot water, (b) By 
heating ammonium dichromate, according to a 
I number of authors the product is green CfgOg. 
This reaction has been studicid by Harbard and 
King (J.C.S. 1938, 9.55). In vacuo the product 
. was a black powdcT containing Cr 61*2% (CPgOg 
contains 68-42% Cr) ; on further heating an olive- 
coloured substance was obtained (Cr 67-34: 
6*5%), this heated inhydrogen[at 800° for 21 hours 
yielded bright green chromic oxide (Cr 68-4%). 
The thermal decompo.sition of (NH 4 ) 2 Cr 207 
appears to yield a non-stoicheiomotric coTupound 
(c/. Ball, J.C.8. 1909, 95, 87, who by slow de¬ 
composition of (NH 4 ) 2 Cr 207 obtained a black 
powder, SCrOg* HgO ; Hooton, Proc. Chem. Soc. 
1908, 24, 27, found HgCrgO^; Moles and 
(xonzalez (Anal. Fis. Qin'm. 1923, 21, 204) re¬ 
po rt(3d the product as CrOg. Eis(;hbeek and 
8pingler (Z. anorg. Chem. 1938, 235, 185) 
confirm llooton’s formula. For criticism of 
thcvse results, see Harbard and King, l.c.). (c) By 
heating uiercurous chromate, preferably with¬ 
out accress of air. (rZ) Not in the pure state, 
by heating chromic; hydroxide in air. (c) By 
heating (;hromic hydroxide in an inert gas, 
finally to a high temperaturt;, the dark green 
oxide first j)roduced, glows and turns black and 
becomes insoluble in acids (iVloissan, Ck)nipt. 
rend. 1880, 90, 1359). 

(2) Oystalline.—Pn'paration: (a) By fusion 
of the amor{)hous oxide in an electric furnace 
(Moi.ssan, i/uVZ. 1892, 115, 1035). (b) By heating 
potassium dicthromato with sodium chloride 
(Ditto, ibid, 1902, 134, 336) ; with tin 

(Prud’homme, Bull. Soc. Mulhouse, 1889, 59, 
599). It has been observed as a kind of 
sublimate in pottery furnaces. 

Wohler prepared this oxide in fine, small 
rhombohedral crystals by passing the vapour of 
chromyl diehloride through a tube heated to 
redness. The crystals are isomorphous with corun¬ 
dum and of equal hardness; their sp.gr. is 5-21. 

A fine shade of amorphous chromic oxide 
is produced by heating mercurous chromate, 
Hg 2 Cr 04 , in a covered crucible; mc^rcury and 
oxygen escape, and the oxide remains as a green 
powder. For the preparation of this substance 
on the large scale, a great number of methods are 
recommended ; one early method is as follows : 
—boil a solution of potassium dichromate with 
half its weight of flowers of sulphur so long as 
the green hydroxide is precipitated. The 
addition of a little potash solution, by forming 
potassium sulphide, accelerates the decom¬ 
position. The precipitate is filtered and washed. 
The sulphur retained in the precipitate may be 
removed by heating (Lassaigne, Ann. Chim. Phys. 
1861, [iii], 14, 299) ; cf. Siegle & Co., B.P. 461799 
and Addn. B.P. 461800 ; Wohler (Pogg. Ann. 
1827, 10, 46) heats a mixture of potassium 
dichromate with its own weight of ammonium 
chloride and a small quantity of sodium 
carbonate, and purifies the residue by washing. 

According to Barian (Rev. Soient. 1846, 20, 
425), a very pure colour, suitable for colouring 
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fine porcelain, is produced by igniting in a 
crucible a mixture of 4 parts of potassium 
chromate and 1 part of starch. The mass is 
washed free from potassium carbonate and •re- 
ignited. 

Chromium green is manufactured together 
with alkaline-earth and alkali formates by 
heating a suspension or a solution of an alkaline- 
earth or alkali chromate at 150'--350’ with 
carbon monoxide under pressure (I.G. Farbenind. 
A.-G., B.P. 305588). 

Chromic sesquioxide is a green pigment of 
great permanence. It is not acted upon by 
chlorine or sulphur gases or by an intense heat. 
It melts at 1,990° (Kanolt, J. Washington A(^ad. 
Sci. 1913, 3, 315), at 2,140°±25° (ihinting. 
Bur. Stand. J. Res. 1930, 5, 325), and crystallises 
on cooling a chromium hydroxide (v. p. 108). 

Cr,(OH)8O2,10H2O 


or Cr4(0H)j()0,9H20 (Jovitchiteli, Helv\ 
Chira. Acta, 1920, 3, 46), absorbs carbon dioxide 
from the atmosphere until a saturation limit is 
reached. The compound appears to bo 

C 03 [ 2 Cr,( 0 HU 8 H, 0 . 


or 


CrjIOHjjO 

Crj(OH )30 


CO.gHjO 


It can be dried at 100° without losing COg, 
which is, however, liberated by acids (Compt. 
rend. 1914,158, 872). 

The oxide is largely used under the names 
chrome green (mixtures of chrome yellow and 
Prussian blue arc also called chrome green if and 
must not be confused with the true chrome 
green) and ultramarine green for imj)arting a 
green colour to glass, porcelain, etc. It is used 
for producing the chrome red glaze in ceramic 
ware, as a pigment in oil and water colours 
and in printing, and as a mordant in calico- 
printing and dyeing. Certain hydrated oxides 
are also used under various names ; their colours 
are, generally speaking, brighter than that 
of the anhydrous oxide, but they usually contain 
small quantities of other substances besides the 
oxide and water. (For h 3 '^drated chromic oxide 
V, R. Fricko and G. F. Hiittig, “ Hydroxide and, 
Oxyhydrate,” Acadernische Verlag Leipzig, 1937). 

Guignet's Green; Pannetier's Green; 
Emerald Green; Verdian, 2 Cr 203 * 3 H 20 .— 
This pigment appears to be identical with that 
formerl^’^ manufactured in secret by Pennettier. 
According to Guignet’s method, 3 parts of boric 
acid and 1 part of potassium dichromato are 
heated to dull redness in a reverberatory furnace. 
The mass swells up, evolves oxygen, and becomes 
of a fine green colour; it contains the borates of 
potassium and chromium, or a double borate of 
those two metals. It is boiled with water, 
whereby the borate of chromium is decomposed 
into boric acid and hydrated chromium sesqui¬ 
oxide, potassium borate also remaining in 
solution. The precipitate is well washed, dried, 
and finely ground. It usually contains boric acid 
even after thorough washing, but not if pre¬ 
pared with ammonium diohromate. The wash¬ 
ings and mother liquors are evaporated for the 
recovery of the boric acid. 


According to Chem.-Ztg. 1885, 9, 861, 
the process then used on the large scale was as 
follows : The boric acid was first purified by 
solution in hot water, treating with animal 
charcoal and recrystallising. The (uystals were 
dried in a centrifugal machine. Thc3 mother 
liquor could be emplo^^ed three or four times 
for recrystallisation of fresh portions of acid, 
but became then too impure for further use. 
Eight parts of potassium dichromate and 3 parts 
of purified boric acid were ground into a stifi* 
paste with water, and the mixture in charges 
of about 1 cwt. heated to dull redness for 
about 4 hours in a reverberatory furnace. The 
fused mass was thrown into water, and wuxslied 
repeatedly by decantation ; the pigment was 
ground wdiile wet, again washed, filtered, and 
dried. The first two washings contained con¬ 
siderable quantities of potassium borate, w hich 
was recovered by evaporating in leaden pans, 
adding hydrochloric acid and allowing the boric 
a(!id formed to crystallise. The mother liquor 
w'as further evaporated and cr^^stallised. The 
crystals were redissolved, the lead (from the 
pans) precipitated by hydrogen sulphide, and the 
filtrate recrystallised. In this manner, from 
70 to 75% of the boric acid w^as recovered. 

Guignet's green is the most permanent green 
pigment known ; it is not acted upon by light or 
concentrated boiUng alkalis; it is not affected 
by acids in the cold, but hot hydrochloric acid 
slowly dissolves it. When heated to 200° it 
blackens and b(H;()mcs anhydrous. It is a fine 
green pigment largely used for the same purpose 
as the ordinary oxide but is more brilliant, and 
may replace the dangmous arsenical greens. It 
possesses good covering power, and (!an be mixed 
with other pigments without alteration. When 
mixed with lead chromate, it is employed for the 
production of a pale-green colour in landscape 
painting. 

Other chrome, greens are obtained by the use of 
sodium phosphate. These always contain some 
phosphoric acid. I'hey are, however, not as 
brilliant as the oxide chrome greens. Various 
methods of preparation are employed. Arnaudon 
dissolves ammonium phosphate with slight 
excess of potassium dichromate in a little boiling 
water, evaporates until the mass solidifies on 
cooling, heats at 80°, and later at 200°, w'ashes 
with hot water, dries, and powders. Another 
method consists in boiling a solution of 10 lb. 
potassium dichromate with 18 lb. sodium 
phosphate, adding 10 lb. sodium thiosulphate 
and a little hydrochloric acid, and boiling until 
precipitation is complete. The precipitate is 
washed, ground, and dried. 

Blanc and Chaudron (Compt. rend. 1926, 182, 
386) state that the blue form of Cr^O^ changes 
to green at 500° in air, and then resembles 
Guignet’s green (cf. B, 1926, 166). 

Chromous Salts.—Traube and Goodson 
(Bor. 1916, 49, 1679) have prepared chromous 
salts by the electrolytic reduction of the corre¬ 
sponding chromic salts at a cathode of pure 
lead. The most favourable conditions for the 
reduction of violet chromic salts are in moderately 
acid concentrated solutions with a current 
density of 2*5 amps, per sq. decimetre. The 
more common green salts can be used in more 
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concentrated soJutiona, but require a greater 
density of current. 

Anhydrous chromous salts are white and 
yield blue solutions which are gradually oxidised 
in acid solution with the liberation of hydrogen, 
thus 2Cr04-■Cro034- Hg. They are on 
this account able to reduce organic compounds 
with double or triple linkings in the presence of 
water. Acetylene is reduced to ethylene, but 
not to ethane ; maleic and furnaric acids are 
readily reduced to succinic acid. Nitrous oxide 
in the presence of alkali hydroxide is reduced to 
nitrogen. Nitric acid and hydroxylamine are 
reduced quantitatively to ammonia (Traube and 
Passarge, Ber. 1916, 49, 1692). Chromous 
salts form stable double compounds with 
hydrazine which may bo precipitated from 
chromous acetate dissolved in air-free water 
covered with light petroleum. Chromous di¬ 
hydrazine cliloride, CrCl 2 * 2 N 2 H 4 , is a lilac 
coloured powder sparingly soluble in water* 

M. Chatelct (Compt. rend. 1934, 199, 290) 
prepared anhydrous CrCl 2 by reduction of 
CrClg with Hg at about 700”. It dissolves in 
C5H5N, yielding a green solution and green 
crystals of the compound CrCl 2 , 2 C 5 H 5 N. This 
compound shows traces of oxidation after some 
hours in the air.; 1 mol. of CrCl 2 absorbs 
6-48 mols. of dry NH3 at atmospheric 
pressure and at room temperature. The 
higher absorption found by Ephraim and Zapata 
is attributed to the lower reduction tempera¬ 
ture. The composition varies with NH3 
pressure and at zero pressure corresponds with 
CrCl2,3NH3, confirming the existence of this 
compound, but no evidence could be obtained 
of the existence of CrCIg.SNHg by studying 
the pressure-composition curve. When, however, 
the CrClg is kept saturated with NHg at 22 ” 
and 76 cm., the colour changes from pale green 
to violet-rose, and in 20 hours the product 
corresponds with the composition CrCl 2 , 5 NH 3 , 
and its composition does not vary over changes 
of N Hg pressure from 11 to 83 cm. 

Chromic Hydroxide is precipitated from 
a solution by caustic alkali or ammonia, but can 
only be obtained pure by use of the latter 
reagent owing to adsorption of the fixed alkali 
by the precipitate. The water retained varies 
with the method of drying. 

A. V. Rakovski and T. Poljanski (Trans. Inst. 
Pure Chem.Reag. U.S.S.R. 1931, No. 12, 11-16) 
find that Cr hydroxide free from CT may be 
obtained by reducing Na 2 Cr 207 with CHgO in 
presence of HCI, precipitating with NHg and 
washing with dilute NHg and then with HgO. 
Preparations made from the sulphate cannot be 
freed completely from SO 4 . Hahn (Ber. 1932, 
65, [BJ, 64) recommends 15 g. NaNOj, 15 g. 
NaNg in HgO (250 c.c.) as a reagent for 
obtaining a pure, dense, easily filtered form. 

A colloidal solution of hydrated chromic oxide 
was prepared by Graham (Phil. Trans. 1861, 151, 
183) by dialysis of a solution of freshly pre¬ 
cipitated chromic hydroxide in chromic chloride 
solution in water. After 30 days’ dialysis the 
deep green solution showed 4*3 parts HCI to 
95-7 parts CrgOg, after 38 days 1-5 acid and 
98-5 CrgOg. 

Hein and Bar (KoUoid-Z. 1931, 57, 47-49) find 


that compounds of the typo CrXo-OR, 3 NH 3 
(whei*o X is a halogen and R an alkyl radical) 
are precipitated when NHg is added to a 
solution of CrXg in the ether RgO. They 
dissolve in HgO with hydrolysis and at sufficient 
concentration a gel of Cr(OH )3 is formed. The 
gels are fairly stable and undergo synerosis. 

J. Liesiocki (Rocz. Chem. 1930, 10, 736) 
finds that stable chromic oxide sols are 
obtained by adding washed chromic hydroxide 
prepared by the action of ammonia on chromic 
nitrate solution to a solution of chromic chloride; 
such sols do not need to be dialysed. 

Chromic Chloride, CrClg or CrgCIg. The 
anhydrous chloride is obtained by heating a 
mixture of carbon and chromium sesqui- 
oxido in a current of chlorine. It can be 
conveniently prepared by Bourion’s method 
(Compt. rend. 1909, 148, 170) by passing 
the vapour of sulphur chloride, b.p. 138”, 
over the oxide graduall}’’ raised to a red hciat. 
It forms pale-violet scales of sp.gr. 2-782 (Biltz 
and Birk, Z. anorg. Chem. 1924, 134, 125); 
2*916 (Crespi, Anal. Fis. Quim. 1928, 26, 152), 
it is almost insoluble in water, but dissolves 
readily, being transformed to the green variety 
{v. mfra), if only a minute trace of chromous 
chloride (1 in 20 , 000 ) is present. 

Chromic chloride may be prepared in solution 
by dissolving the hydroxide in hydrochloric acid. 

The hydrates of chromic chloride include three 
isomeric hexahydrates : a green salt, 

[CrCl 2 (H 20 ) 4 ]CI, 2 H 20 , 

a violet salt, rUr(H 20 )g]Cl 3 (Rocoura, Compt. 
rend. 1886, 102, 548 ; Ann. Chim. 1887, 10, 34), 
and a pale green salt of intermediate constitu¬ 
tion, [CrCI (H 20 ) 5 ]Cl 2 HoO (Bjerrum, Ber. 
1906, 39, 1599; Z. physikal. Chem. 1907, 59 
376, 596). The green hexahydrato is ])artly 
dehydrated in vacuo over sulphuric acid and 
yields the tetrahydrate, a pale green powder, 
chromic dichlorotetraquocliloride, 

LCrCl2(H20)4]CI. 

The green decahydrate, 

[CrCl 2 (H 20 ) 4 ]CI, 6 H 20 , 

crystallises from a strongly cooled solution 
( 66 %) of the green hexahydrato (Werner and 
Gubsor, Ber. 1906, 39, 1823). The latter salt 
kept for 4 months at 1 mm. over ])hosphoru 8 
pontoxide is dehydrated to the rod hemitri- 
hydrate, CrClg,!^HgO, but if heated slowly 
to 155” in a current of HCI the red hemihydrate 
CrCIgj^HgO is formed. 

The formula) of Werner and Gubser (l.c.) 
explain the behaviour of the green hexa¬ 
hydrato {supra ); in a freshly prepared solution 
at 0 °, only one-third of the chlorine reacts 
with silver nitrate. At ordinary temperature 
the AgCI precipitate may correspond to all 
values between 1J and 3C1. The solution of the 
violet hexahydrato yields 3AgCI. Hantzsch 
and Torke (Z. anorg. Chem. 1932, 209, 60) 
prepared a bright bluish-green hydrate I from 
[Cr(H 20 )g]Clg and a dark green hydrate II 
from [Cr(H 20 ) 4 Cl 2 ]CI, 2 H 20 , by the addition 
of N H4OH and N H4CI. (I) is readily soluble in 



CHROMIUM. 


acids, (II) less soluble. The formulae suggested 
are (I) Cr(OH) 3 , 3 H 20 and 

(IT) [Cr(H20)(0H)3l,2H20. 

On passing hydrogen chloride through a 
concentrated solution of green chromic 
chloride a heliotrope-coloured double chloride, 
CrCl 3 ,HCI,a:H 20 {x approx. 6 ) is precipitated. 
The substance is insoluble in methyl and ethyl 
alcohols, and in water gives a pale red solution 
which immediately turns green (Partington and 
Tweedy, J.C. 8 . 1927, 2899). 

Chromyl Dichloride, CrOgClj.—Moissan 
(Compt. rend. 1884, 98, 1681) prepared chromyl 
chloride by treating dry chromic anhydride 
with hydrogen chloride. It forms at the 
ordinary temperature but the action is acceler¬ 
ated by heating. It may also be made by distill¬ 
ing potassium bichromate (3 parts) and common 
salt (3 parts) with sulphuric acid (9 parts) in an 
atmosphere of carbon dioxide. The corre¬ 
sponding bromide and iodide cannot be made 
by this method, but the fluoride can, the formula 
for the latter being Cr 02 F 2 (Gazz. chim. ital. 
1886, 16, 218). H. D. Law and F. M. Perkin 
(J.C. 8 . 1907, 91, 191) found that the best way of 
preparing this compound is to dissolve chromic 
anhydride (60 g.) in strong hydrochloric acid 
(17() c.c.) to which is added 100 c.e. of strong 
sulphuric acid, 20 c.c. at a time. Chromyl 
chloride sinks as a red liquid and may be 
separated in a tap funnel. B.j). at 760 mm. is 
116-7°, m.p. —96*6° i-0-6°. It is a deep red 
liquid resembling bromine. Two specimens had 
2-0528-2<)515; 1-9591-1-9082; 

1-9124-1-9113 (Moles and G 6 mez, Z. physikal. 
Ohem. 1912, 80, 613). Its vapour is not 
dissociated at 181°C. When heated in a 
closed tube to 180°-190° trichromyl chloride, 
(CrOalaClj, is formed. This is a black, non¬ 
crystalline powder deliquescing in air. Chromyl 
dichloride reacts with phosphorus trichloride 
in carbon tetrachloride solution to form 
CrOCbPOCIg and PCI 5 . 

Chromous Bromide, CrBro. —A white salt 
giving a blue solution, prepared by Moissan by 
passing bromine vapour with nitrogen over 
heated chromium. 

Chromic Bromide, CrBrg, is formed like 
the dibromidc, by passing excess of Br over 
heated Cr. It is a dark green powder and 
forms two isomeric hexahydrates, green and 
violet, corresponding to the similarly coloured 
hexahydrates of CrCIg. 

Chromious Iodide. —Hein and Wintner- 
Holder (Z. anorg. Chem. 1931, 202, 81-89) pre¬ 
pared pure Crig’ ^-P* 790°-796°, by heating 
electrolytic Cr with an excess of I in Ng or 
vacuum at 1,160°-1,200°, and removing the 
excess of I from the product by heating at 200°. 
Two forms, viz., greyish-white and dark brown, 
exist. Crig has an appreciable decomp, 
pressure at 400°-700°, but in presence of a trace 
of I vapour this is strongly depressed, and 
increases only very slowly with rise of tempera¬ 
ture. Iodine reacts, but not very readily with 
Crig, at 300°, a product containing more 
than 91% Crig could not be obtained. It 
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reacts vigorously with pyrophoric Cr at 300°, 
with partial formation (67%) of CrIg. 

Chromic Fluoride, CrF3,4H20. —This pro¬ 
duct, prepared by dissolving chromic hydrate in 
hydrofluoric acid, is used in the printing and 
dyeing of woollen goods. (For preparation, v. 
1937, B, 1199). It is a fine, crystalline, green 
powder, very soluble in water, but it has a 
corroding action on glass, and is therefore best 
kept in lead or wooden vessels. It may be used 
as a mordant with both vegetable and animal 
fabrics, and is often employed in the place of 
acetate or nitrate of chromium for printing, and, 
in general, gives finer results. Alizarin dyes, 
coerulein, gallein, etc., and logwood extracts, are 
fixed as perfectly as with acetate of chromium. 
One advantage is that it is marketed as a solid. 
Its effect on wool in after-chroming baths has 
been criticised (Knecht, Lawson, and Loewen- 
thal, “ Dyeing,” II, 632, London, 1925). 
Chromium silicqfluoride, prepared by dissolving 
the oxide in hydrofluosflicic acid, has also 
been used in dyeing and printing in place of 
the fluoride, and is 8 tato<l to give better results. 

Chromium Nitride. —Valensi (Cornpt. rend. 
1928, 187, 293) prey^ared chromium nitride as a 
brown crystaUine powder by heating chromium 
in pure nitrogen. It gives dissociation isotherms 
between 810° and 1 , 200 ° analogous to those of 
palladium and hydrogen, which indicate the 
formation of the compound CrN. The tem¬ 
perature, 1,016°, at which the dissociation 
pressure is 760 mm. agrees with the calculated 
value. 

Chromium compounds with nitrogen prepared 
by passing ammonia over chromium heated to 
800° show the existence of two phases. The first 
phase is homogeneous for a considerable range 
of concentration which y)robably includes 33 
atomic per cent, nitrogen corre 8 y)onding to the 
formula CPjN. The chromium atoms are 
arranged in a hexagonal lattice with the densest 
spherical packing, the nitrogen atoms probably 
being distributed at random in the syiaces of 
the lattice. The second y)hase corresponds to 
the formula CrN with NaCI structure. X-ray 
examination of a nitrogenous ferrochrome 
(60-3% Cr, 2-4% N, 0-7% Mn, 2% Si, 0-2% 
C) showed hexagonal CrN (Blix, Z. physikal. 
Chem. 1929, B, 3, 229). 

In the system Cr-N the hexagonal /9-pha8e 
has a “ superstructure,” the cell volume of 
which is three times as large as that of the 
hexagonal close-packed lattice. The upper and 
lower limits of the region of homogeneity of the 
jS-phase are 11-9% N (CPgN) and 9-30% N 
respectively (S. Eriksson, A, 1935, 1455). 

Chromium Azide, Cr(Ng)3 (Mandala and 
Cornelia, Gazzetta, 1922, 52, (i), 112) was pre¬ 
pared by prolonged treatment of an absolute 
alcoholic solution of crystaUine chromium 
nitrate with sodium sulphate, and evaporation 
of the filtered liquid with the calculated propor¬ 
tion of sodium azide in a vacuum. It forms a 
highly hygroscopic dark green amorphous mass. 

Chromous Hydrazine Com pounds (Traube 
and Passarge, Ber. 1913, 46 1505) can be pre¬ 
pared by susy^ension of chromous acetate in 
air-free water covered with a layer of light 
petroleum. The acetate is dissolved by addition 
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of the exactly necessary quantity of dilute 
acid, and then a solution of hydrazine hydrate 
or sulphate added. The salt precipitates readily 
and is washed with water, alcohol, and other. 
Chromous dihydrazinc chloride, CrCl 2 » 2 N 2 H 4 , 
and the bromide, CrBr 2 , 2 N 2 H 4 , are lilac- 
coloured compounds, the iodide, Crl 2 , 2 N 2 H 4» is 
greyish-blue. 

Chromium Nitrate.—Jovitschitsch (Mon- 
atsh. 1912, 33, 9-18), b}^ dissolving strongly 
heated chromic oxide in hot concentrated H NOj 
(d. 1-4), obtained a solution from which the 
hydrate, Crg(N 03 ) 3 , 16 HgO, crystallises on 
cooling in the form of dark brown prisms 
(a.b.c.-l-421(): 1 : 1-1158, /3-93° 10'). In 

contact with dry air the crystals lose 6 H 2 O 
with the formation of a grey-coloured hydrate, 
Crj(N 03 ) 3 , 9 H 2 O. Partington and Tweedy by 
dissolving chromic hydrate obtained the salt 
Cr2(N03)6,25H20 (J.C.S. 1926, 1142). 

Chrornium Silicides.—Chromium ailicides 
may be prepared by heating the two elements 
or mixtures of chromic oxide and silicon 
carbide in the electric furnace ; compounds 
represented by SiCPg, SiCCg, SigCPg, and 
S i gC P, have been prepared. They are crystaUine 
and very hard—SiCr 2 is harder than corundum 
—and are not attacked by ordinary acids, though 
attacked readily by hydrofluoric acid and by 
aqua regia (Lebeau and Kigueras, Corapt. rend. 
1903, 136, 1329 ; Matignon and Trannoy, ibid. 
1905, 141, 190 ; Friliey, Rev. m 6 tal. 1911, 8 , 
476 ; Baraduc-Muller, ibid. 1909, 6 , 157 ; 
1910, 7, 698). 

B. Boren (Arkiv. Kemi, Min. Geol. 1934, 11 A, 
No. 10, 28 pp.) inferred the formation of the 
following compounds in the system Cr-Si. 
Cubic crystals of Cr 3 Si with a 4-555A. and 8 
atoms in the unit cell, a phase of uncertain 
composition and structure stable only at about 
1 , 000 ° ; CrSi, cubic, a 4*620A., space-group T^, 

8 atoms in the unit cell, structure analogous to 
that of FeSi ; CrSig. hexagonal, a 4-422, 
c 6-351 A., space-group 

Chromium Borides. — Moissan prepared 
hard amorphous CrB from the two elements in 
the electric furnace (Ann. Chim. Phys. 1896, 
[vii], 8, 565). Wedekind and Fotzor employed 
a mixture of chromic oxide, aluminium powder, 
and powdered boron, and obtained crystalline 
CrB (Ber. 1907, 40, 297). Andrieux pre¬ 
pared CP 3 B 2 by electrolysis of a fused mixture 
of B 2 O 3 , Cr 203 , MgO, and MgFj (Ann. chim. 
1929, [x], 12, 486). 

Potassium Chromate, K 2 Cr 04 ,i 8 prepared, 
as already described, from chrome ore. It may 
be produced by adding potassium hydroxide to a 
solution of the dichromate. It crystallises in 
anhydrous, yellow, rhombic prisms isomorphous 
with those of potassium sulphate, sp.gr. 2*71 
(Kopp). 100 parts of water dissolved of potas¬ 
sium chromate 

0° 30° 60° 105-8° 

67-11 65-13 74-60 88-8 

106-8° being the boiling-point of the saturated 
solution (Koppel and Blumenthal, Z. anorg. 
Chem. 1907, 63, 262). The solution has a fine 
yellow colour, a distinct yellow tinge is imparted 
by 1 part in 400,000 parts of water. The 


solution has an alkaline reaction. Like all 
chromates the salt is poisonous {v. Chromium, 
supra). 

When heated, it reddens and fuses without 
decomposition; heated with reducing agents 
such as sulphur, it is reduced to chromium 
sesquioxide. The addition of an acid, even 
carbonic acid, determines the decomposition into 
potassium diohromato. It forms double salts 
with the chromates of the alkaline earths and 
lead. 

Potassium chromate is not largely used, the 
dichromate, on account of its higher percentage 
of chromic acid, being generally preferred. 

Potassium Dichromate, K 2 Cr 207 , m.p. 
389-4°i 0-5°.—This important salt, generally 
known as “bichromate,” or bichrome,” is 
prepared in large quantities by the methods 
already described. Considerably over 10,000 
tons arc annually produced in Great Britain. 

It crystallises in anhydrous, red, tabular 
prisms belonging to the triclinic system, of sp.gr. 
2-70, and of intensely metallic, bitter taste. 
At bright redness oxygen is evolved, and the 
normal chromate and chromic sesepnoxide result. 
Acid chromates, of composition KgCpgOjo and 
K 2 Cr 40 | 3 , appear to exist in solution within 
certain limits of concentration. 

100 parts of water dissolve at 0°, 4-64 parts; 
at 30°, 18-13 parts; at 60°, 45-44 parts; and 
at 104-8°, 108-2 parts; 104-8° being the boiling- 
point of the saturated solution (Koppel and 
Blumenthal, Z. anorg. Chem. 1907, 53, 263). 

The salt separates from the fused state as a 
compact mass of dark brownish-red tabular 
crystals with marked reduction in volume. On 
further cooling the crystals change to a loose, 
orange-red powder, the transition being 236-8°i 
0-5°. The unstable monoclinic form changes to 
stable triclinic crystals at this temperature 
(Robinson, Stephenson, and Briscoe, J.C.S. 
1925, 127, 647). 

Potassium dichromate is used in the prepara¬ 
tion of chrome pigments, of “ discharge ” 
for Turkey red, etc., for the production of a 
largo variety of colours in calico-printing and 
dyeing, and in the manufacture of safety 
matches. In solution with sulphuric acid, it 
is used as a bleaching agent for tallow, palm 
oil, etc., in the oxidation of anthracene to ali¬ 
zarin, in the manufacture of aniline violet, 
and in many other organic oxidations. It is 
also used in the two-bath process of chrome 
tanning. The pelt is immersed first in the 
dichromate solution and then in a solution of 
sodium thiosulphate acidified with HCI. 

When mixed with organic substances it is 
reduced on exposure to light; gelatine in such 
circumstances is rendered insoluble. This re¬ 
action is taken advantage of in the “ carbon ” 
process of photographic printing. The gelatine 
is mixed with a pigment of any colour, and the 
paper carrying this film is sensitised by fioating 
on a solution of potassium dichromate. On ex¬ 
posure under a negative, the gelatine in those 
portions exposed to the light becomes insoluble, 
and retains the pigment, while the portions pro¬ 
tected by the darker parts of the negative are 
almost unacted upon, and may be dissolved in 
warm water. In this manner, photographs of 
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any desired colour, and of great permanence, 
may be produced. 

In the oil-procetts gelatine-coated paper may 
be sensitised with bichromate and exposed 
under a negative and, after developing the 
print in water at 25°, it is pigmented with a 
suitable oil-ink, since the hardened gelatine 
has the property of fixing reasy inks. In 
the corresponding gum-bichromate process the 
paper is coated with a solution of gum arabic 
and bichromate. For the carbro process a 
bromide print is soaked in water and squeegeed 
into contact with the sensitive tissue of the 
carbon process. The silver grains of the print 
reduce the bichromated gelatine, rendering it 
insoluble, so that after separation of the tissue 
it may be developed in hot water. In the 
bromoil process a bromide print is bleached in 
a bichromate bath, whereby the gelatine of the 
silver imago becomes insoluble, fixed, washed, 
and the hardened gelatine pigmented by 
brushing on an oil-ink as in the oil-process. 

Sod I u m C h rom ates.—The normal chromate 
Na 2 Cr 04,1 OHgO, and the dichromato 

Na2Cr207,2H20, 

may be prepared by methods similar to those 
already described under Chromates (q.v,), but 
without the details which now follow. Accord¬ 
ing to Nic. Walbcrg (Dingl. poly. J. 1886, 259, 
188), 6 parts of powdered chrome ore (44% 
CrgOa) were rni.xed with 3 parts of soda ash 
(92% NagCOg) and 3 parts of chalk, and heated 
in charges of 1 ton in a rev(;rberatory furnace for 
8 hours. The mass is lixiviated to produce a 
solution of 45°B., boiled down to 52‘B., and 
allowed to crystallise in leaden pans. The 
crystals are first dried by a centrifugal machine 
and finally heated to 30° in a drying chamber, 
where they crumble to a yellow, anhydrous 
powder containing about 96% of the normal 
chromate. 

For the production of dichromate, these 
crystals are dissolved to a solution of 40°B. 
and treated with sufficient chamber acid to 
determine the conversion into the dichromate, 
the right point being found by potassium iodide 
and starch paper. Sufficient neutral sodium 
chromate is then added to bring the percentage 
of Cr 03 to about 72*5. The liquor is cooled in 
lead tanks to 1°, and the sodium sulphate crystal¬ 
lised out. The liquor is drained oiT, filtered if 
necessary, and evaporated to dryness in an iron 
pot, with constant stirring. The residue is 
powdered while still hot. If the amount of CrOg 
be allowed to exceed 72-5%, the product is damp 
and cannot be stored in wooden casks. An 
analysis of this substance showed CrOg 72*3, 
NagO 26-20, SOg 1-40. 

Modifications in the method of manufacture 
by Ulm (Chem.-Ztg. 1914, 38, 670; J.S.C.I. 
1914, 83, 917), consist in the use of caustic 
alkali in the place of alkali carbonate, and in 
the employment of only half the sodium 
carbonate required to decompose the ore, the 
remainder being replaced by sodium sulphate, 
formed in the later stages of manufacture. 

Normal Sodium Chromate forms large, 
efflorescent crystals of the composition 
Na2CrO4,10H2O, isomorphous with Glauber’s 


salt. Unlike potassium chromate, it is less 
soluble than the dichromate; it is, however, 
more soluble than potassium chromate, the 
saturated solution at 18° contains 40-10% 
Na 2 Cr 04 (Myliua and Funk, Ber. 1897, 30, 
1718). 

Other hydrates with 6 and 4 mols. of H 2 O are 
known. Their transition temperatiires have 
been suggested as convenient fixed points in 
thermometry (Richards and Kelley, J. Amer. 
Chem. Soc. 1911,33, 847). 

Sodium Dichromate, Na 2 Cr 207 , 2 H 20 . 
crystallises in thin, six-sided prisms of a fine 
hyaeinth-red colour, and is very soluble in 
water, 100 parts of water at 30° dissolving 
197-6 parts NagCrgOj (Schreinemakers, Z. 
physikal. Chem. 1906, 55, 91). It is hence 
more than 10 times as soluble as potassium 
dichromate (18-12 parts), which it frequently 
replaces. (For a difiference in properties, see 
Robinson et al,, lx.) 

Ammonium Chromate and Dichromate 
are prepared by mixing in proper proportions 
solutions of ammonia and of chromic acid. The 
dichromate, on heating, yields water and a 
mixture of equal volumes of nitrogen and 
nitrous oxide and leaves a residue of chromic 
oxide mixed wdth a higher oxide of chromium 
(Ilarbord and King, l.c,). 

Ammonium chromate may bo also manu¬ 
factured by treatment of sodium (diromate 
solution with ammonia and saturating with 
carbon dioxide, whereby sodium bicarbonate is 
precipitated. 

Calcium Chromate, CaCr 04 . 2 H 20 , is 
largely produced in the manufacture of chrom¬ 
ates from chrome iron ore. The dihydrato 
exists in monoclinic a and rhombic ^ forms. 
The anhydrous salt formed at 200° is less 
soluble at 100° (0-42 g.) than at 0° (4-31 g. in 
100 g. solution) (Mylius, Ber. 1900, 33, 3689). 

Barium Chromate, BaCr 04 , is a canary- 
yellow powder, known as Yellow Ultramarine or 
Lemon Yellow. It is produced by the addition 
of a chromate to a solution of a salt of barium. 

Barium chromate is insoluble in water and 
acetic acid, soluble in hydrochloric and nitric 
acids. On treatment with a boiling solution of 
chromic anhydride, it dissolves, and crystal¬ 
lises on cooling as a yellowdsh-rcd powder con¬ 
sisting of the dichromate BaCr 207 , 2 H 20 . 

Both barium and calcium chromates have been 
employed as pigments, but are now little used 
on account of their lack of brightness and 
covering power. 

Lead Chromates. —The neutral lead chrom¬ 
ate PbCr 04 is best produced by the action of a 
solution of lead acetate on a solution of a 
chromate. Thus produced, it is of a fine lemon- 
yellow colour, insoluble in water and dilute acids. 
At 25° the solubility of PbCr 04 in water is 
5-8 X10“^ g./l. (Ishibashi and Funakoshi, 

J. Chem. Soc. Japan, 1936, 57, 1028). When 
heated at 250° it becomes reddish-brown, 
at a higher temperature it fuses, and finally 
evolves oxygen with the formation of chromic 
sesquioxide and a basic lead chromate. On 
account of this evolution of oxygen the sub¬ 
stance is frequently used for combustions in 
organic analysis. 
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Lead chromate is soluble in cold lime water or 
caustic alkali, but is not dissolved by hot lime 
water. For this reason, in immersing, calico 
coloured with chrome yellow in lime water, 
for the production of an orange colour, care 
should be taken that the solution is hot. 

When heated with the calculated amounts of 
caustic alkali part of the chromic acid may be 
removed, with the production of basic lead 
chromates of colour varying from orange to 
vermilion. 

The normal chromate is largely used as a 
pigment, and for (;alico-printing, and is the 
essential constituent of various chrome pig¬ 
ments as chrome yellow, Paris yellow, and Leipsic 
yellow. The name Cologne yellow was originally 
given to chrome yellow containing a mixture of 
lead chromate and lead sulphate, but the latter 
compound is also present in most of the bright 
yellows known commercially as “ genuine ” 
chrome yellows. 

Chrome Yellows. —The finest cliromeyellow 
is produced by precipitation; the lead acetate 
used should not be basic or the product will be 
of an orange colour; the solution should be 
dilute, and the lead salt should be in excess; 
the presence of excess of chromate is liable to 
“ turn ” the yellow, i.e. to produce an orange 
tinge. The substances used should be technically 
pure. According to B.P. 416744, 1933, one 
method of manufacture from chromic acid 
consists in adding this acid to a suspension of 
lead oxide or carbonate in hydrofluoric, fluoboric, 
or fluosilicic acid, at a rate which is not greater 
than the velocity of reaction of the latter acids 
with the lead compound. Pure chrome yellow, 
PbCr 04 , is too expensive for most purposes, 
is liable to darken in colour, and docs not 
exhibit the required range of tones. A series of 
“ genuine ” chrome yellows is manufactured by 
mixing the precipitating chromate solution 
with an appropriate quantity of sulphuric acid, 
Glauber’s salt, or alum, the latter salt for 
American chrome-yellow. The lead chromate 
IS thus precipitated together wdth any required 
amount of load sulphate as mixed crystals of 
PbCrO^ and PbS 04 , the colour being paler as 
the proportion of leatl sulphate is increased. A 
range of “ reduced chrome yellows ” is made by 
the admixture of barytes, gypsum, kaolin, or 
whiting, which are ground with water and the 
suspension added to the precipitating tank prior 
to the reaction. As the customer requires 
chrome yellows, e.g. primrose chrome, lemon 
chrome, and middle chrome, which for reasons 
of shade or price contain lead sulphate or fillei’s, 
these additions are not in general to be regarded 
as adulterants. Lemon Chrome A and Orange 
Chrome B may contain from 25 to 90% barytes. 
The application to these chromes of the Home 
Office test for toxicity has been studied (Samuels, 
J. Oil Col. Chem. Assoc. 1938, 21, 177). The 
British Standard specification for load chromes 
for paints is 282/1927. 

Milbaiier and Kohn (Z. physikal. Chem. 1916, 
91, 410) show that the reaction 

PbS04“b PbCr04-j- K2SO4 

proceeds practically completely in the direction 
of left to right. From determinations of the 


stability it is established that the solid phase 
PbS 04 cannot exist in the presence of K 2 Cr 04 » 
K 2 SO 4 and PbCrO*, and that the existence of 
double salts is unlikely. The strong adsorption 
rendered the determination of the mass-action 
curve difficult. The general results indicate that 
the manufacture of chrome yellows can bo carried 
out from leadsulphate and that various shades can 
be obtained by varying conditions, temperature, 
concentration, and time. It follows also that an 
excess of lead acetate should be used in the 
manufacture, since this will secure the absence of 
K 2 Cr 04 , which would otherwise rapidly con¬ 
vert the lead sulphate necessary for the par¬ 
ticular shade into chromate. 

Freshly precipitated PbCr 04 darkens in 
colour probably because of the change from an 
unstable rhombic into a stable monoclinic 
form. When lead sulphate is j>recipitated 
simultaneously with lead chromate the two 
salts form mixed monoclinic crystals which do 
not darken during settling. The best conditions 
for precipitation were ascertaitied by Wagner 
and Keidel (Farben-Ztg. 1926, 31, 1567). The 
monoclinic mixed crystals of PbCr 04 with 
PbS 04 , BaS 04 , CaS 04 , or SrS 04 are said 
to be more resistant to light than the rhombic 
forms and the rhombic mixed crystals first 
precipitated may bo converted into raonoclinic 
by heating their aqueous suspensions (B.P. 
403762). Precipitation from dilute solutions 
with vigorous stirring produces finer particles 
and brighter shades ; while redder tones are 
obtained in hot solutions. Milbauor and 
Kohn found that the brightest chrome yellow 
was obtained by adding a solution of lead 
nitrate or acetate to a dilute solution of 
potassium chromate and potassium sulphate 
(J.S.C.I. 1923, 105A ; Chem.-Ztg. 1922, 46, 
1145). They showed that the precipitate con¬ 
sisted of rhombic mixed crystals. These mixed 
crystals were shown to be solid solutions by 
X-ray examination (Lederle, Rev. Prod. Chim. 
1937, 40, No. 9, 263). The monocHnic form is 
said to bo superior to the rhombic in resisting 
light (Wagner, Paint and Varnish Prod. Man. 
1934, 10, No. 5, 10). 

The method usually adopted for production 
of chrome yellow is the following: The two 
precipitating solutions are prepared separately 
in wooden tanks and heated by steam pipes. The 
solutions are either filtered or allowed to settle 
in the tanks and drawn off from above. They 
are run together into the precipitating tank, 
which contains about 200 gallons. The chrome 
yellow is allowed to deposit and the clear liquid 
drawn off, more water is added, the whole 
thoroughly stirred, and the process is repeated 
three or four times. The pigment is then 
pumped into a filter press and dried in drying 
rooms at 30^-50°, 

Mixtures of chrome yellows and Pnissian blue 
form the Brunswick greens, also known as 
chrome greens, although they are to be dis¬ 
tinguished from the more expensive and 
permanent chromic oxide greens, also termed 
chrome greens. The Brunswick greens are 
largely used for ordinary paint work. Monastral 
Blue has been mixed with chrome yeUow for 
green pigments, and the fastness to light of such 



CHROMIUM. 


113 


mixtures has been discussed by Amies and by 
Samuels (J. Oil Col. Chem. Assoc. 1938, 21, 
187). By the regulated action of hot alkalis on 
chrome yellow a series of basic lead chromates 
is produced ranging in colour from orange 
chrome to chrome red. 

Orange Chrome. —A washed chrome yellow 
precipitate consisting of PbCr 04 and PbS 04 
treated at 80°~90° while stirring with the 
calculated quantity of caustic soda solution 
until the reaction is completed. The product is 
washed, filter-pressed, and dried as usual (Zerr 
and Rubtmeamp, “ Farbenfabrikation,” 4th ed., 
Berlin, 1930) ; or the freshly precipitated lead 
chromate-f lead sulphate is boiled with milk of 
lime—with the object of producing a basic 
chromate containing gypsum as a filler. In 
another process basic lead chloride is first 
prepared by the action of hot sodium chloride 
solution on litharge, dichromate solution is then 
added which forms monochromate with the 
caustic soda now present and this reacts with the 
basic load salt. Orange (thromes sometimes 
contain a colour lake precipitated on the pigment 
to brighten the shade. Hollo}'^ (“ Analysis of 
I*aint and Varnish Products,” p. 214, London 
and New York, 1912) found 4-87% of organic 
colour in a pigment containing PbCr 04 
40-5fi%, PbO 47-24%, PbS 04 5-49%, which 
may be compared with a light yellow chrome 
containing PbCr 04 68-65%, PbS 04 31-21%. 

Chrome Red is conveniently manufactured by 
boiling white lead with a solution prepared from 
dichromate and caustic soda, the washed product 
which has a dull appearance acquires a brilliant 
red colour after treatment with dilute sulphuric 
acid, the pigment is then washed and dried as 
usual. The pigment is not so generally useful 
as the other lead chromes, for when finely 
ground the shade changes from deep red towards 
orange yellow. Jt may replace cinnabar in 
distemper painting, but settles out too readily 
if made into an oil paint. The synonyms of this 
pigment include the names Derby red, Persian 
red, American vermilion, Victoria red, Chinese red. 

Wagner and Schirmer (Z. anorg. Chem. 1935, 
222, 245) studied the products formed by 
adding KOH to a lead salt and potassium 
chromate. With increasing KOH the orange 
red Pb 0 -PbCr 04 changes to a pure red 
substance of the same composition and crystal¬ 
line form (tetragonal) but of different particle 
size. The final product was orange red, not 
uniform, and appeared to contain yellow PbO. 

Holley {l.c. 220) found in a light American ver¬ 
milion, PbCr 04 60-16%, PbO 41-20%, PbS 04 
6-15%; in a deep Ameri(;an vermilion PbCr 04 
63-60%, PbO 40-88%, PbS 04 4-97%. It may 
be noted that PbO-PbCr 04 contains PbO 
40-86%, PbCr 04 69-16%. For rust prevention, 
a priming coat of a basic lead chromate paint 
(which may have an addition of zinc chromate) 
has given excellent results on properly prepared 
structural iron and steel work. Chrome yellow 
paints darken when exposed to the air of 
towns and are also liable to be darkened by 
strong sunlight owing to the reducing action of 
the oil medium on the chromate (Palmer, 
J. Oil Col. Chem. Assoc, 1926, 8, 90). Reddy 
(Official Digest, 1934, No. 130, 328) has com- 
VoL. III.—8 


pared the different types of lead chromes and 
zinc chromes as regards grinding, hiding power, 
paint media, anti-corrosive action, etc. The 
importance of the yellow and orange chrome 
pigments is shown by the output in the U.S.A. 
wliich in 1936 amounted to 39 million lb. 

Scarlet Chromes is the descriptive name given 
to a series of pigments consisting of mixed 
crystals of chromate, sulphate, and molybdate 
of lead (J. Oil Col. Chem. Assoc. 1938, 174). 

The lead chromates all possess good covering 
power and brightness of colour; they are 
durable, but blacken under the action of sul¬ 
phuretted hydrogen. They mix well with other 
pigments, but should not be used with ultra- 
marine, lithopone or other sulphide pigments. 

Bismuth Chromates. —The addition of 
potassium dichromate to a neutral solution of 
bismuth nitrate gives a yellow flocculent pre¬ 
cipitate, Bi.> 03 , 2 Cr 03 , soluble in acids 
(Lowe). On heating, it becomes partly decom¬ 
posed and turns greenish. K 2 Cr 04 and 
solution of bismuth nitrate, the precipitate 
formed consists of 3 Bi 203 , 2 Cr 03 (Lowe, 1856), 
and is quite insoluble in water. Bismuth 
chromate is used as a pigment {cf. (.'ox, Z. 
anorg. Chem. 1906, 50, 226). 

Zinc Chromate, Zinc Yellow, or Butter¬ 
cup Yellow, ZnCr 04 , is a beautiful yellow 
pigment, produced by the addition of hot 
neutral solution of zinc sulphate to potassium 
chromate, or by adding a cream of zinc oxide 
in water to a boiling solution of potassium 
dichromate. It is slightly soluble in water and 
readily so in nearly all acids, in ammonia, and 
in caustic soda. 

Zinc chromate can be obtained in various 
tints and has a good colour. Though not equal 
to chrome yellow in covering power or body, it 
has the advantage of not blackening by contact 
with sulphides. It is used for mixing with 
Prussian blue to form the zinc greens, which are 
faster to light than the corresponding Brunswick 
greens. The British Standard specification for 
zinc chromes for paints is 389/1929. 

Samples of commercial zinc yellow analysed 
by Fox, EUis, and Hirst (J. Oil Col. Chem. 
Assoc. 1928, 11, 195 ; cf. ibid. 198) showed an 
average content of ZnO, 42-5% ; CrOg, 
38-4% ; theory for ZnCr 04 , ZnO 44-9%, 
CrOg 55-1%. The samples contained alkali, 
up to 11-1% KgO, in another sample 7*0% 
NagO ; and combined water up to 8-2%. 
Zinc chromate purchased from chemical supply 
firms had a similar composition and in one 
case contained ammonia equivalent to 10*1% 
(NH4)20. The potassium zinc chrome above 
mentioned gave 15-1% water-soluble (arbitrary 
method in B.S.S. 254/1926), and the sodium zinc 
chrome 42-6%. In the discussion {l.c. 200), 
the change of colour in zinc chromate on keeping 
as a standard in a sealed bottle was mentioned, 
and also the loss on washing the pigment which 
could reach 50 to 60%. Brizzolaria et al. (Ind 
Eng. Chem. 1937, 29, 656) represent the com¬ 
position by the formula 

K20,4Zn0,4Cr03,3H20. 

Britton and Evans (J.S.C.I. 1936, 66, 337T), 
reporting on seven years’ exposure of protec- 
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tive painting on steel, found zinc chromate 
priming paint very good, although not quite 
equal to red lead. 

Briggs (J.C.S. 1929, 242) confirmed the exist¬ 
ence of normal zinc chromate and prepared the 
following crystalline chromates: 

9Zr02,5Cr03.12H20, 

3Al203,2Cr63,6H20, 

2Fe203,4Cr03,H20, 

3SbO2.0 r 03 . 

Perch rom ic Acid.—On adding hydrogen per¬ 
oxide to an aqueous solution of chromic acid, or 
to an aqueous solution of a chromate acidified 
with sulphuric acid, a deep blue coloration is 
produced, which on shaking the solution with 
ether passes into that liquid. 

The reaction is a delicate test for Cr 03 or 
HgOg. The blue })erchromic acid is extremely 
unstable, evolves oxygen and is gradually 
transformed into chromic acid. Alcoholic 
alkalies react with the ethereal solution forming 
salts of blue perohrornio acad, e.g. K 2 Cr 20 i 2 » 
2 H20,Tl2CroOj2 (Schwarz ei al., Ber. 1933, 
66 , [B],310). ‘ The pyridine compound, however, 
is (CgHgNlCrOg {ibid. 65, 871). Ued per- 
chromates, MgCCgOig, are formed by the 
interaction of alkaline chromate solutions and 
hydrogen peroxide below 0*^, and the free acid is 
similarly formed from freshly precipitated 
chromic hydrate. When acidified the solutions 
evolve oxygen and blue pcrchromic acid is 
formed. Schwarz and Elstner (Bor. 1936, 69, 
[BJ, 676) found the etherate CrOg.MegO to be 
the product wlien CrOg reacted with concen¬ 
trated H 2 O 2 in MegO at low temperatures, 
this explodes already at —30°. The third 
series of perchromates, the brown salts, co¬ 
ordination compounds of the oxido Cr 04 , 
include perch romateam mine, Cr 04 , 3 NH 3 , 
formed when H 2 O 2 acts on an ammoniacal 
solution of ammonium chromate. The blue salts 
were formerly considered to be MCrOg-HgOo 
(Wiede, 1897-1899), but the analyses ot 
Schwarz appear to establish the formulae 
quoted above. 

Esters of Chromic Acid have been prepared 
by Wienhaus (Ber. 1914, 47, 332) by shaking a 
tertiary alcohol, dissolved in light petroleum or 
carbon tetrachloride, with an excess of solid 
chromium trioxide. The ester remains dissolved 
or suspended in the solvent, from which it can 
be obtained by evaporation. 

CHROMAMMONIUM COMPOUNDS AND 
DERIVATIVES. 

Salts of chromium readily combine with 
ammonia or substituted ammonias, to form 
complex compounds in which the chromium 
atom may be combined with 6 mols. of ammonia, 
as, for example, in hexammine chromium chloride 
[Cr(NH,),]CI,. The ammonia may be sub¬ 
stituted by acid groups, the valency and 
character of the complex radical being determined 
by the acid and basic radicals in the molecule. 

R. Duval has contributed a valuable study of 
the complex compounds of chromium to Pascal’s 
“ Traits de Chimie Min^rale,” vol. x, pp. 1006 


1 1094, with bibliography, pp. 1094-1098, Pans, 

! 1933. Duval considered that the 2,000 ctoplex 
! chromium compounds then known are classified 
in his contribution. Prominent authors in the 
bibliography are Werner, Pfeiffer," Wcinland, and 
Jorgensen and the following general treatises 
have been published ; 

Werner, “Neuere Anschanungen auf dem 
Gebiete der anorganis(;hen Chemie.” 

Urbain and JS^nechal, “Introduction a la 
chimie dcs complexes.” 

Weinland, “ Einfiihrung in die Chcniio der 
Komplex-Verbindungen,” F. Enke, Stuttgart, 
1924. 

Pfeiffer, “Organische Molekiil-Vcrbindungen.” 

Hexammine Chromium Salts (luteo salts), 
e.g. the nitrate, [Cr(N H 3 )g](N 03 ) 3 , are pre¬ 
pared by treating the corresponding purpureo 
salts with ammonia in cold, concentrated 
solution (Jorgensen, J. pr. Chem. 1882, (2), 23, 
229; MiUs, PliU. Mag. (4), 35, 246). 

Pentammine Chromium Salts (purpureo 
salts).—Jorgensen (J. pr. Chem. 1879, [2J. 20, 
105) prepared the chloride [CrCl (N H3)5]072 ^7 
reducing violet chromic chloride in a stream of 
})ure, dry hydrogen at a red heat, and adding to 
the ohromous chloride a solution of NH 4 CI in 
strong ammonia. Air was passed through, HCI 
added, and the mixture boiled, when a carmine- 
coloured powder precipitated. It crystallised in 
o(?tahedra, sp.gr. 1*687, dissolved in 164 parts of 
water at 16°, and its analysis corresponded to 
the formula Cl 2 Cr 2 (N H 3 )i,)Cl 4 . Jorgensen 
found that only 4 atoms of chlorine are pre¬ 
cipitated by silver nitrate, which confirms 
Werner’s formula given above. 

Triammlne Chromium Salts. —These com¬ 
pounds have been investigated by Werner (Ber. 
1910,43, 2286), who employed triammine chrom¬ 
ium tetroxido in their preparation. To a well- 
cooled solution of 30 g. of chromic acid in 300 
c.c. of water are added 300 c.c. of pyridine. 
After remaining half an hour in a freezing 
mixture, 760 c.c. 3% H 2 O 2 are added. The 
precipitated })yridine porchromate is collected, 
washed, and added to 90 c.c. of well-cooled 25% 
ammonia. The precipitated triammine chromium 
tetroxide Cr 04 , 3 NH 3 is collected after 10min¬ 
utes and washed with water, alcohol, and ether. 

Trichlorotriammlne Chromium, 

Cr(NH3),Cl3, 

results when triammine chromium tetroxide is 
added to cold, concentrated hydrochloric acid. 
A bluish-grey precipitate is formed, and the 
filtrate from this deposits the compound after 
standing 2 days, in dark blue crystals with a 
greenish tinge. Triaquotriammine-chromium 
chloride, [Cr(OH 2 ) 3 (N HglgJCIg, is obtained 
by treating 1 g. of the dichloroaquotriammine 
chromium chloride (contained in the grey 
precipitate above mentioned) with 8 c.c. of 
water covered with 6 c.c. of pyridine. The 
resulting solution is filtered, and the hydroxo- 
iodide precipitated by the addition of solid 
potassium iodide. The chloride is obtained 
from this by triturating with hydrochloric acid. 
It forms brownish-red hygroscopic crystals. 
The corresponding bromine compounds have 
been prepared. 
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Chromi-aquO'triammineB have been prepared: 
[Cr(NH 8 ) 3 Cl 2 H 20 ]CI,~-blue, 
[Cr(NH3)3CI(H20)2]Cl2,—reddish-violet, 
[Cr(NH 3 ) 3 (H 20 ) 3 ]Cl 3 ,-red. 

In solution the mono- compound passes into the 
di- and the di- into the tri-aquotriaramino 
chromiirichloride (Frowein, Z. anorg. Chom. 
1920, 110, 107-224). 

Schlesinger and Worner (J. Amer. Chem. Soc. 
1929, 51, 3520) state that chloropentammine- 
chromic chloride is converted into insoluble 
chromium trichlorotriammine, Cr(NH 3 ) 3 CI„by 
heating at 270° in hydrogen chloride until the 
salt turns from pale red to green. This sub¬ 
stance reacts slowly with liquid ammonia to 
yield the original pentammine; it is possibly a 
polynuclear compound and its properties are 
quite different from those of the substance of 
the same composition described by Werner 
(J.(\S. 1910, 98, [ii], 960). If it is heated at 175° 
in hydrogen chloride, hygroscopic crystalline 
ammonium chromic hexachloride, 
(NH,) 3 [CrCl 3 J, 

is produced ; this substance reacts rapidly with 
gaseous ammonia with production of the 
original pentammine. If the triammine salt is 
heated at 270° in hydrogen chloride a salt having 
the composition 2 CrCl 3 , 3 NH 4 CI is formed, 
and is further slowly decomposed to anhydrous 
chromic chloride. 

Reinecke’s Salt, [Cr(NH 3 ) 2 (SCN) 4 ]NH 4 , 
t e t r a t h i o c y a natodiamminochromiammonium 
(Annalcn, isfe, 126, 113 ; Z. anorg. Chem. 1893, 
1 , 135). To three parts of NH4SCN in in¬ 
cipient fusion, one part of (NH 4 ) 2 Cr 207 is 
added in small portions. The red mass is 
washed thoroughly with cold water and re- 
crystallised from water or alcohol. Its solution 
gives precipitates with the heavy metals and 
organic bases, alkaloids yielding characteristic 
crystalline compounds— reineckates (Rosenthaler, 
Arch. Pharm. 1927, 265, 319, For a modern 
preparation v. Dakin, Org. Syntheses, 1935, 15, 
74). 

Chromic Oxalates.—There is an extensive 
literature of these compounds, their double 
salts and isomerides (Beilstein, 4th ed. n, 522, 
523, Erg. 11, 226, 227). Special interest attaches 
to the blue potassium trioxalatochromiate or 
Gregory’s salt, K 3 [Cr( 0204 ) 3 ], 3 H 2 O, which 
A. Werner resolved into d- and Z- forms by 
crystallising the strychine salt (Ber. 1912, 45, 
3061). The active isomers possess very high 
specific rotation and rotation dispersion. 
Jaeger (Reo. trav. cliim. 1919, 88 , 171, “ Optical 
Activity,” New York, 1930) found for the Z-salt, 
[a] for A 4740, -486°; A 5,700, 0 ° ; A 5800,+ 
515°. Potassium dioxalatodiaquochromiate or 
Croft’s red salt, trans- K[Cr(C, 04 ),(H, 0 )J, 
3HjO is obtained from hot very concentrated 
solutions of KgCfjOy and C 2 H 2 O 4 . The cis 
isomeride is prepared by moistening a mixture 
of the powdered substances. With aqueous N Hg 
the cia- salts become green, whilst trana- salts 
turn brown (A. Werner et al., Annalen, 1914, 
406, 261). 

For Detection and Estimation of Chromium, 
see Chemical Analysis. 

G. S. B. and J. N. G. 


CHROMOFORM is an orange-red crystal¬ 
line powder formed by the union of methyl 
dichromate and hexamethylenetetramine. 
Slightly soluble in alcohol and cold water; readily 
soluble in hot water. The aqueous solution on 
boiling, or by treatment with acids or alkalis, 
evolves formaldehyde. 

CHROMOGEN AND CHROMO- 
PHORE V . Colour and Chemical Constitu¬ 
tion. 

CHROMONE, or benzo-y-pyrono: 



CO 

is obtained by the action of sulphuric acid on 
phenoxyfnmarie acid (I), whereby benzo-y- 
pyrone-2-carboxylic acid (IT) is produced. This, 
when heated in tmeuo, yields benzo-y-pyrone 
(Ruhemann and Stapleton, J.C.S. 1900, 77,1179; 
Gomberg and Cone, Annalen, 1910, 376, 228). 

O 

PhO C COgH r C COgH 

II — II 

HO2C CH 

CO 

I. II. 


Chroraone crystallises in colourless needles, 
m.p. 59°, and its yellow solution in cold sulphuric 
acid possesses a blue fluorescence. 

CHROMOTROPE or CHROMO¬ 
TROPIC ACID. l:8-Dihydroxynaphthalenc- 
3:6-disulphonic acid. 

CHRYSAN ILINE v. Acridine Dyestuffs. 

CHRYSANTHEMIN. A monoglucoside 
of cyanidin (q.v.) isolated from the deep red 
flow'ors of Chrysanthemum indicum Linn, by 
Willstatter and Bolton (Annalen, 1916, 412, 
136). The chloride CgiHgiO^jCITJHgO sepa¬ 
rated in red-violet leaflets. Hydrolysis of chrys- 
anthemin yielded cyanidin (1 mol.) and glucose 
(1 mol.). The picrate, difiicultly soluble in w^ater, 
sintered at 165° (decomp.). In its colour re¬ 
actions—blue-violet with sodium carbonate, 
pure blue with caustic soda, violet-red with 
sodium acetate, and purple with ferric chloride— 
and its high monoglycosidic distribution between 
amyl alcohol and aqueous acid, it closely re¬ 
sembles aaterin (Willstatter and Bolton, Annalen, 
1916, 412, 1149) from the purple-red aster, with 
which Robinson and WiUstatter (Ber. 1928, 61, 
2503) have shown it to be identical. That the 
differences in crystalline form and solubility 
between these pigments are due to slight 
impurities is suggested by Murakami, Robert¬ 
son and Robinson (J.C.S. 1931, 2665) who 
have synthesised 3-/S-glucosidoxy-5:7:3":4'-tetra- 
hydroxyflavylium chloride 


Cl 

o’ 


HO CH 


OH 



CO-CgHnOg 
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and shown that it is identical with the chloride of 
chrysanthemin and of asterin and with the 
product of partial hydrolysis of the cyanidin 
3-digIuco8ide, mekocyanin (Willstatter and 
Weil, Annalen, 1916, 412, 231). Chrysanthemin 
chloride is the second of the remarkable series 
of anthocyan glucosides which have now been 
synthesised by Robinson and his collaborators 
{ace Callistkphin). 

Chrysanththemin closely resembles the 
corresponding cyanidin 3-galact()side, idaeiuy 
from cranberries both in colour reactions and 
absorption curves, but dilfers from it in distribu¬ 
tion number (Grove and Robinson, J.C.S. 
1931, 2723). 

Pigments identical with chrysanthemin have 
been isolated from mid berry fruit by Yamamoto 
(J. Agric. Chem. Soc. Japan, 1934, 10, 1046), | 
from the seed-coat of Glycine Soja Benth. j 
(“ Kuromame ”) by Chika Kuroda and Mizii 
Wada (Proc. Imp. Acad. Tokyo, 1935, 11, 189) 
and from purple-husked maize by Sando, 
Milner and f^herman (J. Biol. Chem. 1935, 109, 
203). In the last ease its occurrence together 
with a 3-gluco8ide of the closely related flavonol 
quercetin is quoted in support of the theory of 
flavor!ols as the j)recursor8 of the anthocyanins. 
It must be noted, however, that cyanidin and 
quercetin glycosides are the most commonly 
occurring types of anthocyanin and anthoxanthin 
found in nature, so that their occurrence 
together need not be significant. 

R. and G. M. Robinson have identified antho¬ 
cyanins isomeric or identical with chrysanthemin 
in a groat number of other flowers and fruit by 
means of their qualitative tests (Biochem. J. 
1931, 25, 1687; 1932, 26, 1647; 1934, 28, 
1712). 

Genctical investigations with the Chinese 
aster by Wit (Dissertation, Groningen, 1936) 
show that while pigmentation by cyanidin 
monoglueoside is sometimes recessive to that 
by the corresponding 3:6-digluco8ide of cyanidin, 
the cyanidin type of pigmentation is dominant 
to the pelargonidin type and recessive to the 
delphinidin type, the production of the differently 
oxidised anthocyanins probably depending upon 
the action of multiple allelomorphic genes 
(see Antiiocyans). 

R. S.-M. 

CHRYSAROBIN (B.P., U.S.P.) is a yellow 
crystalline mixture of substances obtained from 
Araroba or Goa pounder. The latter varies in 
colour from primrose-yellow to bronze and 
purple, and collects, possibly as the result of 
oxidation of the resin, in the cavities of the 
stems and branches of Andira Araroba Aguiar 
(Fam. Leguminosse), a tree inhabiting the forests 
of Bahia (Aguiar, Pharm. J. 1880 [iii], 10, 
42; c/. Greenish, ibid. 814). The drug was 
formerly exported by the Portuguese from Goa, 
but its origin for a long time remained secret. 
Goa powder is usually mixed with woody frag¬ 
ments from which it is freed by sifting; it is 
sometimes termed crude chrysarobin. By 
extraction of Goa powder with organic solvents 
(benzene, chloroform) there is left behind on 
evaporation a yellow crystalline powder, intro¬ 
duced in 1876 by a Bombay firm under the 
name Chrysarobin^ which has since been included 


under this name in the British and Ignited States 
Pharmacopoeias, and is used in skin affections. 

Chrysarobin was originally thought to be a 
pure, or nearly pure, substanc^e; in reality it 
is a complex mixture, consisting chiefly of 
reduced di- and tri-hydroxymethylanthraquin- 
ones, which crystallise together and are difficult 
to separate by purely physical means [cf. Hesse, 
Annalen, 1899, 3(19, 53). Later the name 
chrysarobin was apjfiied to one of the pure 
constitiKints, but it is b('tter to reserve this 
name for the eommercrial mixture. Tutin 
and Clewer (J.C.S. 1912, 101, 290) found the 
following percentage composition for three 
samples of commercial chrysarobin : 


1. Chrysophanic acid 

1 



(~ chrysophanol) ^ 

U-3 

7-2 

8*9 

2 . Kmodin monomethylether^^ 

1 



3. Emodin . .... 

trace 

nil 

nil 

4. Crude anthranoi of chryso¬ 




phanic acid 

26 

46 

62 

5. Anthranoi of emodin mono 




methyl ether . 

small amounts 

6 . Monomethyl ether of de- 




hyd roe niodin anthranoi 

411 

13-4 

17-7 

7. Ararobinol .... 

4-2 

41 

nil 

8 . Inseparable mixture of 




partly amorphous sub- 

staruks. 23 30 12 


^ About 3 or 4 parts of the former to 1 of the latter. 

Of these No. 1 is a inefhyJdihydroxyanthra- 
quinone. No. 3 is a methyltrihydroxyanthra- 
quinone. Nos. 4 and 5 result from Nos. 1 and 2 
respectively, by reduction ; they are derivatives 
of anthranoi (9-hydroxyanthraeene). No. 6 is a 
less strongly reduced anthraquinone. No. 7, of 
unknown constitution, is also an anthracpiinone 
derivative, related to No. 1. 

Chry8oj)hanic acid anthranoiy has 

the constitution 

/C(OH). 

C,H 3 ( 0 H)<' I >C,H,( 0 H)CH 3 

and w'as called chrysarobin by Jowett and 
Potter (J.C.JS. 1902, 81, 1578). It is obtained 
from commercial chrysarobin by extraction with 
light petroleum; by shaking its chloroform 
solution with sodium carbonate traces of 
eraodin are removed, and after evaporation 
of the chloroform the residue is crystallised from 
much ethyl acetate, when it forms lemon- 
yellow scales, m.p. 202° (corr.) (regenerated 
from its acetyl derivative the substance melts 
at 204°). It is insoluble in sodium carbonate, 
soluble in caustic alkalis to a yeUow solution, 
which becomes red by passing air through it, 
whereby it is oxidised to chrysophanic acid. The 
change is complete in 2 hours, as shown by 
measurement of the oxygen absorbed (Tutin and 
Clewer, l.c. ). The reverse change is brought about 
by hydriodic acid at 130°-140°. Chrysophanic 
acid anthranoi dissolves in sulphuric acid with a 
yellow colour; it forms a diacetyl compound 
CigHioOjAc^ m.p. 193°, and a triacetyl com¬ 
pound CigHgOgACg, m.p. 238°. 

The anthranoi of emodin monomethyl ether 
was not isolated by Tutin and Clewer as such, 
but its presence was inferred from aerial oxida- 
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tion experiments, which converted it into emodin 
monomethyl ether. 

The monomethyl ether of dehydroemodin- 
anthranoly Ci(}Hi 204 , is characteristic of chrysa- 
robin. According to Eder {v. infra), its con¬ 
stitution is most probably: 


HO C OH 



Tutin and Clewer converted it by boiling 
hydriodic acid into emodin anthranol, a sub¬ 
stance containing a methyl group less and 2 
hydrogen atoms more; by oxidation with 
chromic acid they converted it into emodin 
methyl ether. 

Of the substances 1-6 chrysophanic acid had 
also been found by Atttield, its anthranol by 
Jowett and Potter, and emodin monomethylether 
by Oesterlo and Johann (Arch, Pharm. 1910, 
248, 476), but this was the full extent of the 
agreement among the various investigators of 
chrysarobin until Eder (Arch. Pharm. 1915, 
253, 1 ; 1916, 254, 1) confirmed all the principal 
results of Tutin and Glower. He oxidised the 
commercial substance with air in alkaline solu¬ 
tion, and considers that hydrogen peroxide is 
formed in this reaction, and is responsible for 
further changes. Ho thus obtained the following 
percentages: emodin 0-2, emodin methylether 
9-3, chrysophanic acid 22-7, dehydro-emodin 
anthranol monomethyl ether 18 (--chrysarobol 
of Hesse?), amorphous products 26. it should 
be remembered that most of the chrysophanic 
acid and some of the emodin methyl other were 
originally present as anthranols. In his second 
paper, Eder acetylated and benzoylated chrysa¬ 
robin and obtained by subsequent hydrolysis 
up to 14% of chrysophanic acid anthranol, 
up to 9% of emodin anthranol rnonomethyl 
ether, and up to 4% of emodin rnonomethyl 
ether, but no chrysophanic acid. The chief 
discrepancy is that Eder did not find the last 
of Tutin and Glower’s substances, ararobmol. 
This, according to the latter authors, has the 
composition CgsHigOg, and forms yellow cry¬ 
stals, decomposing without melting at about 
225”. It dissolves in alkali with a yellow 
colour, but, like the methyl ether of dehydro- 
emodin anthranol, and unlike chrysophanic acid 
anthranol, it is not readily oxidised by air. 
It gives a delicate and characteristic reaction 
with sulphuric acid; a mere trace forms an 
orange solution, which on gentle agitation gives 
intense blue streaks ; the solution then becomes 
green, and finally dull grey. Ararobinol gives a 
triacetyl derivative (decomp, at 225°), is reduced 
by hydriodic acid to dehydroararobinol, and 
oxidised, but not quantitatively, by chromic 
acid to chrysophanic acid. 

Ghrysarobin is occasonally employed inter¬ 
nally as a purgative. Probably its chief con¬ 
stituent, chrysophanic acid anthranol, does not 
exert a purgative action until it has been 
oxidised in the alimentary canal (to chryso- j 
phanic acid), as is the case with aloTn (Meyer 
and Gottlieb, “ Experimentelle Pharmakologie,” I 


Berlin and Vienna, 1933, p. 240). The chief use 
of chrysarobin is, however, as an ointment in 
skin diseases (psoriasis), and the active con¬ 
stituent appears to be the anthranol of chryso¬ 
phanic acid. According to ITima’s cxjicriments 
(Baudisch, Ber. 1916, 49, 179), the only active 
synthetic substitutes are the anthranols of 
1 -hydroxy- and of 1:8-dihydroxy-anthra- 
quinone. The latter, cignoUn, 


HO HO HO 



is more active in psoriasis than the anthranol of 
chrysophanic acid (chrysarobin), because it has 
not the dystherapeutic methyl group. 

Baudisch explains the effect of the 1:8- 
hydroxyls in accordance with Pfeiffer’s views by 
the formula: 



“ Dermal ” is prepared by precipitating a 
bismuth nitrate solution by a solution of 
chrysophanic acid in sodium hydroxide. 
“ Anthrarohin ” is the anthranol of alizarin. 

The different methotls of extraiJiori cause 
considerable variation in the composition of 
commendal chrysarobin and in its physiological 
action (Pharm. .1. 1911, [iv], 87, 630). Hence 
Tutin and Glewer consider it fallacious to ask 
for compliance with exact requirements. (The 
United States Pharraacopceia states that 
1 g. of chrysarobin dissolves in 385 c.c. of 
alcohol, 13 c.c. of chloroform, 160 c.c. of ether, 
30 c.c. of benzene, and 180 c.c. of carbon bisul¬ 
phide at 25°.) Pure chrysarobin dissolves in 
concentrated sulphuric acid with a yellow 
colour, and is insoluble in dilute sodium 
hydroxide ; concentrated sodium hydroxide dis¬ 
solves it with a green colour. Ghrysophanic acid, 
on the other hand, yields a red solution with 
concentrated sulphuric acid and dilute sodium 
hydroxide (Liebermann and Seidler, Ber. 1878, 
11, 1603). Another method to distinguish 
chrysarobin from chrysophanic acid is to mix 
0*05 g. with 0-2-0-3 g. sodium peroxide in a 
porcelain capsule, add 5 c.c. of alcohol, and 
after 5 minutes 15 c.c. of water. Ghrysarobin 
yields a wine-lees colour, not destroyed by 
dilution with water, changing to yellow on the 
addition of acetic acid; chrysophanic acid 
yields a cherry-red colour, becoming brighter on 
dilution (Piherfla-Alvarez, Ann. Chim. Analyt. 
1907, 12, 9). 

G. B. 

CHRYSATROPIC ACID. Methoxy 
derivative of lesculetin (6;7-dihydroxycoumarin). 

CHRYSAZIN v. Alizabin and Allied 
Dyestuffs. 
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CHRYSENE, CigHjj, or 

CeH^CH^^ 

C.oHe-CH^" 

The highest boiling fractions of coal tar are the 
richest source of chrysene (for typical treatments 
of pitch, ,s*ce C. Zerbe and F. Eckert, Brennstoff- 
Chem. 19.‘14, 15, 28; J. W. Cook and C. L. 
Hewott, J.C.S. 1933, 395), although it occurs in 
tars from many natural products. It is formed 
by simple distillation of some natural fats, oils 
and resins, and by drastic dehydrogenation of 
many natural compounds possessing a related 
ring-structure, e.g. cholic acid (L. Ruzicka and 
co-workers, Helv. Chim. Acta, 1934, 17, 200), 
toad poisons (H. Wieland and G. Hesse, 
Annalen, 1935, 517, 22 ), follicular hormone 
(A. Butenandi and 11. Thompson, Ber. 1934, 
67, [Bj 140), Chrysene arises also as a result 
of pyrolytic treatment of many simpler com¬ 
pounds, e.g. phenol (A. Hageraann, Z. angew. 
Chem. 1929, 42, 355), tetralin (N. A. Orlow and 
N. D. Lichatschew, Ber. 1930, 63, [BJ, 2179), 
natural gas (S. E. Birch and E. N. Hague, Ind. 
Eng. Chem. 1934, 26, 1008). The action 
of caustic potash at 300^-310° on indene yields a 
little chrysene (R. Weissgerber and C. Soidler, 
Ber. 1927, 60, [B], 2088), and conisiderable yields 
arc obtained from the same starting material by 
catalytic dehydrogenation over oxide and 
sulphide catalysts (B.P. 409837), a similar 
expansion of an unsubstituted five-membered 
ring having been observed in the dehydrogena¬ 
tion of perhydrofluorene to chrysene over 
platinum catalyst (N. Orlow and M. Belopolsky, 
Ber. 1929, 62, [BJ, 1226). 

The need for synthetic approaches to con¬ 
densed cyclic systems of the steroloid type has 
resulted in the elaboration of several syntheses 
of chrysene and near derivatives. Thus cyclo¬ 
hexanone and jS-(l-naphthyl) ethyl magnesium 
bromide yield a tertiary alcohol which is 
cyclised to a hydrochrysene and then dehydro¬ 
genated with selenium (J. W. Cook and C. L. 
Hewett, J.C.S. 1933, 1098; 1934, 365). Varia¬ 
tions using A ^-cycZohexenyl magnesium brom¬ 
ide (J. W. Cook and A. llansi, J.C.8. 1935, 500) 
or )3-phenyl ethyl magnesium bromide (L. 
Ruzicka and H. Hosli, Helv. Chim. Acta, 1934, 
17, 470) with a-tetralone have also been effected. 
Again, an amorphous tetrahydrochrysene has 
been synthesised by cyclising j3-(2-phenanthryl) 
propionic acid and reducing the resulting keto- 
totrahydrochrysene by the Aemmensen method 
(R. D. Haworth and C. R. Mavin, J.C.S. 1933, 
1012). A third recent synthesis of the chrysene 
ring system due to J. von Braun and G. Irmisch 
(Ber. 1931, 64, 2461) and extended by R. Robin¬ 
son and G. Ramagc (Nature, 1933, 131, 205; 
J.C.S. 1933, 607) consists essentially in a double 
cyclisation of j9j3-dii>henyl adipic acid or its 
chloride to a mixture of isomeric diketohexa- 
hydrochrysenes. 

Removal of other hydrocarbons from the 
chrysene fraction of coal tar with carbon 
disulphide followed by further purification by 
usual means yields chrysene which is persistently 
contaminated with a yellow impurity resisting 
separation by crystallisation, but which may be 


i removed by oxidising agents, e.g, perchloric acid 
(K. A. Hoffmann, Ber. 1910, 43, 1086), nitric 
acid and alcohol (Liebermann, Annalen, 
1871, 158, 299; see also Schmidt, J. pr. Chem. 
1874, [ii], 9, 250, 270). Other methods recom¬ 
mended for the purification of chrysene are 
separation through the characteristic 2:7- 
dinitroanthraquinone complex (Schmidt, l.c.) 
and combinatiem of the impurity witli maleic 
anhydride (E. Clar and L. Lombardi, Bor. 1932, 
65, fBJ, 1411). For small quantities the method 
of chromatographic adsorption {v. Chemical 
Analysis, Vol. II, p. 628) is suitable, A. Winter- 
stein and co-workers having identified the 
impurity {see also Chrysogen) as naphthacone 
(Naturwiss. 1934, 22, 237 ; Z. physiol. Chem. 
1934, 230, 146, 158). 

Pure chrysene forms colourless rhombic plates 
m.p. 250“, b.p. 448“, which exhibit in the solid 
state or in solution a reel-violet fluorescence. 
It is best characterised by the 2:7-dinitro- 
anthraquinone complex (Schmidt, l.c .; Haworth 
and Mavin, l.c.). For a colour reaction of 
chrysene, see Ditz (Chem.-Ztg. 1907, 31, 445). 

Substitution products of chrysene are obtain¬ 
able by (classical methods but are of little 
immediate importance. K. Fiinke and J. 
Ristic have recently determined the orientation 
of a number of chrysene derivatives by con¬ 
version to known carboxylic acids (.1. pr. Chem. 
1936, [ii], 146, 151). The direct introduction of a 
carboxyl group by treatment with oxalyl 
chloride at 160“-170“ is noteworthy (Liebermann 
and Zsuffa, Ber. 1911, 44, 207; Weitzenbock 
and Lieb, Monatsh. 1912, 33, 551) as is also 
chrysoquinone, an o-quinone obtainable by 
chromic acid oxidation of the hydrocarbon. 
Hydrogenation products are also of interest, but 
complete agreement on the constitution of 
products of catalytic hydrogenation of chrysene 
has not yet been reached (J. von Braun and 
G. Irmisch, Ber. 1932, 65, 883; A. Spilker, 
Angew. Chem. 1935, 48, 368). A mixture of 
naphthalene and its hydrides results from 
pyrolytic decomposition of chrysene in presence 
of hydrogen over ferric chloride at 440“ (N. 
Orlow and N. Lichatschew, Ber. 1929, 62, [BJ, 
719, 1378). 

Chrysene has not yet found extensive indus¬ 
trial use, although patents have been secured for 
its use in the manufacture of dyestuffs. Thus 1:4- 
quinones are condensed with an aminochrysone 
or a derivative of the same in high-boiling 
solvents and in presence of mild oxidising agents 
to yield pigments or, on further sulphonation, 
dyestuffs (F.P. 754987). Again, chrysene is 
dinitrated, reduced to diaminochrysene, and 
then subjected to a double Skraup synthesis 
to yield a dipyridinochrysene, which is con¬ 
verted to a reddish-yellow cotton dye on oxida¬ 
tion with chromic acid. 

A. H. C. 

C H R YSIN, l:3-dihydroxyflavone, 

\/CH 
CO 
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iB obtained from poplar buds (Piccard, Ber. 
1874, 7, 88; and Darior, ibid. 1894, 27, 21). 
It is a member of the quercitin series (Perkin, 
J.C.S. 1896, 69, 1443), and dyes cloth mordanted 
with aluminium a pure yellow ; with chromium, 
an orange-yellow; and with iron, a pale choco¬ 
late (Perkin, ibid. 1897, 71, 818). 

CHRYSOBERYL. Aluminate of beryllium, 
BeAlgO^, crystallising in the orthorhombic 
system, and used as a gem-stone. It is usually 
met with as well-formed crystals, which as a 
result of twinning often simulate hexagonal 
forms, or as rolled pebbles in river gravels. 
8 p.gr. 3-65-3-75; hardness 8^, taking the 
third place amongst minerals, being exceeded 
only by diamond and corundum. Few minerals 
are so resistant to chemical reagents as chryso- 
beryl; it is not attacked by acids nor fusible 
before the blowpipe, and is decomposed only 
by fus^d alkalis. The colour ranges in v^arious 
shades of yellow and green. The variety 
alexandrite is erneraJd-green in daylight, but 
violet-red in lamplip(nt. Another gem variety, 
known as cyrnophane or “ oriental cat’s-eye,” 
shows a bluish milky band of reflected light 
which travels across the convex polished surface 
as the stone is moved about. Chrysoberyl occurs 
embedded in granite and crystalline schists. 
Material of gem quality comes from Ceylon, 
Brazil and the Urals, (k)lourless crystals have 
been found in the ruby mines in Upper Burma 
and in the Gold Coast in West Africa. By 
reason of its high degree of hardness it has 
occasionally been used for jewelling w'atch- 
bearings. 

L. J. S. 

CHRYSOCOLLA. A hydrated silicate of 
copper, sometimes of imf)ortance as an ore of 
cof)per. Ulio formula is usually given as 
CuSi 03 , 2 H 20 , but the composition is variable, 
the mineral often being mixed with various 
impurities—silica, alumina, copper carbonate 
or phosphate, limonito, etc. On these differ¬ 
ences in composition several trivial varieties 
have been distinguished by special names. 
The mineral is of secondary origin, occurring 
in the upper portions of deposits of copper ores. 
It forms encrusting or botryoidal masses, which 
may be vitreous and translucent, resembling 
opal or enamel in appearance, or dull and 
earthy. The colour ranges from bright green 
to bright blue, and there is a wide range in the 
sp.gr., 2-0-2-8. Under the microscope it some¬ 
times shows a minutely fibrous structure, and 
small acicular crystals from Idaho have been 
described, but with variable and uncertain 
optical data and sp.gr. 2-4 (J. B. Umpleby, 1914). 
Interbandod with the microcrystaUine material 
is often some optically isotropic material, and 
for this amorphous equivalent of chrysocolla the 
name cornuite has been proposed (A. F. Rogers, 
1917). 

A variety known as pitchy copper-ore (Ger. 
Kupferpeclierz)y dark brown or black in colour 
and with the appearance of pitch, is of some 
importance as an ore of copper, particularly in 
Chile. It consists of a mixture of chrysocolla 
and limonite (F. N. Guild, Amer. Min. 1929, 14, 
313). Chrysocolla of the more ordinary type 
has been mined for copper in South Australia, 


Belgian Congo, Chile, Arizona, Idaho, etc. 
The name chrysocolla, from ygecroV, gold, and 
#foAAa, glue, was applied by the ancients 
to materials used for soldering gold, and 
included, besides certain copper minerals, also 
borax. 

L. J. S. 

CHRYSOGEN. The crude orange- 3 ^cllow 
hydrocarbon responsible for the yellow colour 
and green-yellow ultraviolet fluorescence of 
crude anthracene. Capper and Marsh (J. Araer. 
Chem. Soc. 1925, 47, 2847; J.C.S. 1926, 724) 
studying absorption and fluorescence spectra, 
concluded that chrysogen was either naphtha- 
eene (I), or l:2-benzanthracene (11) {see also Cook 
and co-workers, Broc. Rov- Soc. 1932, B, 111, 
469 ; Morgan, J.8.C.I. 1928, 47, 132). 



II. 


Wintorstein, Schon and Vetter (Z. physiol. 
Chem. 1934, 230, 158) separated chrysogen 
from anthracene by chromatographic analysis 
and completely identified it with naphtha- 
cene(I). 

CHRYSOLITE, a clear, transparent, yellow¬ 
ish green variety of olivine (MgFe) 2 SI 04 . 

CHRYSONAPHTHAZINE Azines. 

CHRYSOPHANIC ACID {Chrysophanol) 
V. Chrysahobin. 

CHRYSOPRASE v. Chalcedony. 

CHRYSOTILE v. Asbestos and Ser- 

BENTINE. 

CHRYSOTOLUAZINE v. Azines. 

CHRYSTOLON v. Carborundum. 

CHUFA. Earth almond. The tubers of 
Cyperus eaculentus Linn., grown extensively in 
central and southern areas of the United States. 
The tubers, which are 0-5-1 *0 in. in length, 
have a nut-like flavour and are said to resemble 
the water chestnut. They are sometimes 
roasted and used as a substitute for coffee. 
The plant is also valued as forage for pigs. 
The fat content of the tubers averages 20-29%, 
starch 12-30%, and sucrose 15% (Power and 
Chesnut, J. Agric. Res. 1923, 26, 69; Pieraerts, 
Mat. Grasses, 1924, 16, 6674; Anon. Giom. 
Chim. 1933, 27, 297). 

Baughman and Jamieson (J. Agric. Res. 1923, 
26, 77) record a detailed examination of the oil 
and give the following characteristics : 0-918, 

refractive index 1-4662 (25°), saponification 
value 191*3, iodine value 76-89, Reichert-Meissl 
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value 0-2, Polenske value 0*3, acetyl value 4*55, 
acid value 1*70. The calculated composition 
of the fatty acids is : 


Lignoccric acid . 

. 0*3 

Arachidic acid 

. 0*5 

Stearic acid 

. 5*2 

Palmitic acid . 

. 11*8 

Myristic acid 

. trace 

Oleic acid .... 

. 73*3 

Linolic acid 

. 5*9 

Unsaponifiable acid . 

. 3*0 


A phytosterol, m.p. 134'^-135‘^, was also found. 
A related species, C. rotundiis, from Japan, 
yields 1% of an essential oil which, according 
to Kimura and Ohtani, contains 32% of cyperene 
(CisHji) and 49% of cypcrol (CuH^jO). 

A. G. To. 

CH'U-MA »>. (hiTNA Grass. 

CHURCHITE. A hydrated phosphate of 
cerium (CegOg 51*87%) and (!al(dum, occurring 
as grey fan-like aggregates of acicular erystals 
encrusting quartz and slate in a Cornish copper 
lode. Unfortunately nothing is known of the 
exact locality of the mineral. 

L. J. S. 

CHYMASE a synonym for Rennet. 

CHYMOTRY PS IN. An active proteolytic 
enzyme obtained by the action of a minute 
quantity of trypsin on a crystalline protein 
contained in acid extracts of pancreas (Kumitz 
and Northrop, J. Gen. Physiol. 1935, 18, 433). 
This enzyme hydrolyses casein more slowly than 
trypsin but carries the hydrolysis further and 
attacks different linkages. 

E. F. A. 

CIBACET V . Acetate Silk Dyes. 

CIBANONE DYES. Blue G, 3G, RA; 
Black B ; Brown B; Olive B ; Orange R, 
CR ; Rod 4B ; Violet BW ; Yellow R (v. 

AnTIIRAQUINONE DyEST(TFI^S. 

CICHORIIN, Cj 5 Hie 09 , 2 Aq., m.p. 213°- 
215°, [a]^) —104*5", is the glycoside present in 
Cichorium Intyhus, chicory. 

It is isomeric with a?sculin differing only in 
the position of the sugar residue. 

According to K. W. JVlerz (Arch, pharm. 1932, 
270, 476), it is hydrolysed to glucose and cichori- 
genin, CgHg 04 , which is 6:7-dihydroxycoumarin. 
In cichoriin the glucose residue is attached 
to position 7, whereas in aesculin the attach¬ 
ment is at position 6. 

When cichoriin is first methylated and then 
hydrolysed, 6-methoxy-7-hydroxycoumarin, i.e. 
scopoletin, is obtained. 

E. F. A. 

CICUTOXIN, CjgHggOg, the poisonous 
principle in water-hendock {Cicuta vagans) is 
contained in the tubers to the extent of 0*3- 
0*4%. It is found also in C. virosa. It is a 
yellow resin-like substance which readily decom¬ 
poses and polymerises above 50°, it has 
0*9659 and 1*5885. Unites energetically 
with bromine and ignites spontaneously in 
contact with strong nitric acid. On dry distilla¬ 
tion it yields an oil, CjgHjjOj, of 0*936. 
Distilled in a current of steam it gives an oil, 
CxiHjgO, of a pleasant odour and which 


gradually polymerises to a transparent semi¬ 
solid resin. On oxidation with nitric acid cicu- 
toxin yields carbon dioxide, oxalic acid, hydro¬ 
gen cyanide, LS'obutyric acid, and acetyl-2- 
eyeZopentanone, b.p. 73*5"/15 mm. Compounds 
of cicutoxin with lead, barium, hydrogen 
chloride, ammonia, bromine and iodine are 
known. Cicutoxin appears to be a derivative 
of 4-pyrone (Jacobson, J. Amcr. Chem. Soc. 
1915, 37, 916); it exhibits absorption bands at 
A 570-64 and A 650-680 (j^vagr, (Jhem. Listy, 
1923, 17, 166). 

C1G NOLIN, the anthranol of 1:8 dihydroxy- 
anthraquinone (v. ("hrysarorin). 

CIDER or CYDER is a beverage produced 
from the juice of apples by alcoholic fermenta¬ 
tion. A corresponding beverage, j)erry, is 
made from the juice of pears; this so closely 
resembles cider in general type and qualities, 
methods of production, and centres of manu- 
fa(J-ure, that for the j)urpos(' of this article the 
two drinks can be treated in common and 
distinctive reference only made to perry when 
occasion recpiires. 

Both are beverages of considerable antiquity, 
the earliest extant mention of cider in this 
country relating to its prodiicjlion in Norfolk 
as far back as the thirteenth century. In 
France it was being made in the sixth century, 
and probably still earlier. That country and 
Great Britain are the two leading producing 
countries at the present time, the output of the 
former in some years exceeding 409,000,000 
gallons and being many times greater than that 
of the latter. The approximate area of the 
PYench cider fruit orchards, centred mainly in 
Normandy and Brittany, is 1,330,000 acres, and 
of the English 65,000 acres. The latter are 
situated principally in the counties of Devon, 
Hereford and Somerset, with Gloucester and 
Worcester next in order. Cider fruit and cider 
production also extend into Dorset, Monmouth 
and other counties adjacent to those named. 
In Norfolk and, to a less extent, Kent, cider is 
also made commercially, but in those districts 
cider varieties of apples are not grown on any 
considerable scale and “ market ” {i.e. eating) 
apples are used instead. 

i Cider in some form is made in most other 
countries in which apples flourish, but in their 
case for the most part vintage varieties of the 
fruit are not grown. In Europe Germany, 
Switzerland and Spain particularly have 
gained some repute for their cider. The 
beverage produced in the United States and 
Canada in some quantity under this name has 
been during recent years mostly unferrnented 
apple juice, although latterly in Canada efforts 
to develop the manufacture of the fermented 
article have been vigorously pursued. 

The initial definition of cider given above 
indicates a beverage with a material content of 
alcohol, and in PVance in particular the use of 
the name is protected by law and must only bo 
associated with beverages conforming to certain 
specified legal standards. Other countries vary 
in the extent and methods of protection and in 
some they are practically non-existent. Thus un¬ 
der the general name of cider there are to be found 
beverages of an extremely wide range of types, 
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differing in respect of original juice content, 
chemical composition, and form of presentation. 
In the matter of juice content France, for 
example, enforces the application of specific 
forms of name designation indicating {a) whether 
the article is produced from undiluted or diluted 
juice and, if the latter, (6) the degree of 
dilution. 

In England no legal standards have been formu¬ 
lated, but under a regulation of the Ministry of 
Health, which came into force on January 1, 
1927, no preservative except sulphur dioxide is 
permitted. The maximum content of sulphur 
dioxide allowed is 0-02%, which is equivalent 
to 14 grains per gallon. The introduction of a 
National Mark Scheme for Cider in 1931 by the 
Ministry of Agriculture and Fisheries has led, 
however, to the establishment of a voluntary 
standarfl for English ciders which must be 
attained before the eiders are entitled to bear the 
National Mark. Aecjording to this standard, 
the cider must be made from apples grown in 
England and Wales. It must be made from 
either the pure juice of apples or a diluted 
jui(;o (‘ontaining not more than 25% of its own 
volume of a syrup of pure cane or pure beet 
sugar. The original specific gravity of the 
juice must not be below 1*040 and the percentage 
of volatile acid (as acetic) must not exceed 
0*3%. 

The chemical composition of cider in relation 
to the contents of alcohol, sugars, acid, and 
tannin is very variable and is responsible for a 
series of types of the beverage diflering widely 
in taste and physiological action. Total sugar 
content determines the classification under the 
heads of sweet, medium, dry and extra dry, 
the percentage ranging from 6-7% by weight 
or over in the case of sweet ciders to below 1% 
in the case of the extra dry types. Alcoholic 
strength tends to vary in the opposite direction 
and may be but little over 2% by weight in sweet 
ciders anti exceeding 5-6% in dry and extra 
dry : in special cases, whore a higher content 
is required, thip generally cannot be obtained 
directly from untreated pure juices on account 
of their limited initial sugar content and is 
provided either through the fermentation of 
added sugar or by direct fortifitsation with spirit. 
The latter methods make it possible to secure a 
high alcohol content, even in the sweeter types. 
Acid and tannin determine the degree of acidity, 
and astringency and bitterness, respectively in 
the flavour. Ciders containing over 0*4% of 
malic acid rank as brisk ciders and the low-acid 
types generally range in acidity between 0*2 
and 0*4%. A tannin content in excess of 0*2% 
communicates a definite “ bittersweet ” charac¬ 
ter to the flavour and is generally accompanied 
by at least a fair degree of fullness in body; 
below that figure this “ bittersweet character 
is normally not marked on the palate. Ciders 
of a low-acid, somewhat bittersweet character 
are generally favoured in France; in Great 
Britain a brisker, loss bittersweet type is in 
most demand except in the cider-making 
country districts, w^here a rougher and more 
bitter, dry type suits the local taste. 

Cider is supplied either in cask or bottle. 
Draught cider in the wood is usually still or 


nearly so, any slight sparkling condition being 
generally the result of a slow after-fermentation. 
In bottle, sparkling cider is the rule, the carbon 
dioxide to which the “life ” is due being secured 
mostly by natural conditioning in the bottle 
or by artificial carbonation prior to bottling. 
The latter method predominates in commercial 
production. A third type of sparkling cider is 
that produced by the true “diarnpagne” method, 
the liquor being first strongly fermented in 
bottle and then disgorged to remove all sedi¬ 
ment. 

Although a beverage coming within the 
ordinary definition of cider can be made from 
any kind of apple, the result is likely to be 
inferior and lacking in commercial appeal 
unless either the fruit is composed of vintage 
apples exclusively or of a mixture in which 
vintage fruit is the predominant constituent, 
or, alternatively, special methods of treatment 
are adopted. Fruit falling within the class of 
“ eating ” apples, i.c, dessert and culinary 
varieties, is characterised by a deficiency of 
tannin and, usually, an excess of acidity from 
the vintage point of view. Cider made there¬ 
from by usual procedure is typically thin, lacking 
in body and character, more or less oversharp 
(according to the variety), j)oor-coloured, and 
coarse-flavoured as a result of an excessive rate 
of fermentation of the juice. 

8 ince in practice apples unsuited for dessert 
or culinary purposes are normally sent to the 
cider mills, they tend undeservedly to be ranked 
as vintage fruit. Stri<;tly, that term should be 
reserved for varieties yielding a juice which by 
fermentation and after-treatment will j)roduce a 
eider of good quality in its particular class, 
irrespective of any blending requirements. 
Quality in this connection includes characters 
such as aroma, flavour (in re8j)ect of fruit 
character as distin(*t from the asjjects due 
purely to sugars, acids, and tannins), body and 
low nitrogen content. The sum total of such 
characters may be expressed by the term 
“ vintage quality.” A cider apple proper 
may, therefore, bo defined as one normally 
possessing vintage quality of a satisfactory 
order. 

The individual varieties of cider apples show a 
very wide range of composition in respect of 
constituents which are of vintage importance. 
Sugars, for example, may range from 7 to over 
20%, malic acid from 0*1 to over 1*5%, and 
tannin from 0*1 to over 0*6%. The specific 
gravity of the juice ranges generally between 
i-035 and 1*090. Although not an exact index 
of the total sugar content of the juice owing to 
the presence in the juice of other soluble solids, 
the specific gravity aftbrds a very fair approxi¬ 
mation, by far the greatest proportion of the 
soluble solids being sugars. A juice with a 
specific gravity of 1*040 usually contains 
about 8% of total sugar ; of 1*050, approxi¬ 
mately 10% ; and of 1*060, approximately 
14%. 

Cider apples are classified according to the 
chemical composition of their juice in respect 
of the amounts of malic acid and tannin 
normally present. They fall into three main 
classes—sharp, sweet, and bittersweet. 
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As a result of the examination of a large 
number of English cider apples an extended 
classification enabling varieties to be grouped so 
that their blending requirements may be 
closely indicated has recently been prepared 
by the Long Ashton Research Station, which 
serves as the research centre for the cider 
industry in this country. 

This classification is as follows : 

Sharp Class. — Grovp I. —Full Bittersharp 
{Foxwhelp Type), Varieties with jiiices normally 
containing not less than 0*75% malic acid and 
0*18% tannin. 

The members of this group are very acid 
in taste. Their ciders are too sharp and 
too much inclined to bitterness for use un¬ 
blended. 

Group II. —Full Sharp {Frederick Type). 
Varieties with juices normally containing not 
less than 0 - 75 % malic acid and not more than 
0*18% tannin. 

Ciders made from these varieties alone are 
too sharp and generally lack body. 

Group Ill. —Medium Bittersharp {Kingston 
Black Type). Varieties with juices normally 
containing between 0-45 and 0-75% malic acid 
and not less than 0-18% tannin. 

Into this group fall most varieties that yield 
palatable and well-balanced ciders unblended, 
Kingston Black being the outstanding example. 
In some instances and in certain seasons, 
especially when body is lacking or some trait 
of flavour is abnormally prominent, blending 
gives an improved beverage; in such instances 
they require the addition of an already balanced 
blend in quantity suflicient to give the character 
sought for. 

Group IV. —Medium Sharp {Langworthy 
Type). Varieties with juices normally contain¬ 
ing between 0-45 and 0*75% malic acid and 
not more than 0*18% tannin. 

For this group, owing to the low tannin 
content, blending with “ bittersweet ” material 
is generally essential. Only infrequently can 
blending bo dispensed with. Because of the 
medium acid content the material used for 
blending needs to be already balanced in 
respect of acidity. 

Ciders made from the varieties of this group 
unblended, while usually of about the right 
standard of acidity, generally lack body and 
sufficient “ tannin ” character. 

SwiSET Class. Group V .—Sweet {Sweet 
Alford Type). Varieties normally containing 
less than 0*45% malic acid and less than 0-18% 
tannin. 

The members of this group are the “ sweet ” 
varieties proper. By themselves they generally 
yield ciders insipid to the palate because of 
deficiencies of acid and tannin. 

Bittersweet Class. Group VI. —Mild 
Bittersweet {Belle Norman Type). Varieties 
normally containing less than 0-46% malic acid 
and between 0*18 and 0*25% tannin. 

This group is sufficiently numerous to justify 
its separation from Group V. It includes a type 
of variety that is on the border-line between the 
“ sweet ” and “ bittersweet ” classes. While 
in many seasons chemical analysis places several 


of them in the “ sweet ” class, the palate usually 
ranks them as mild “ bitters wee ts.” Their 
ciders unblended resemble those of Group V, 
but with rather more character. 

Group VII. —Medium Bittersweet {Knotted 
Kernel Type). Varieties normally containing 
not more than 0*45% malic acid and approxi¬ 
mately 0*25-0*4% tannin. 

This group is closely described by its title 
“ medium bittersweet.” Ciders made from its 
members unblended have that character very 
definitely marked as well as distinct lack of 
acidity. The tannin percentage varies con¬ 
siderably with most varieties according to 
season—this applies to Groups VI and VIII 
also—and occasionally places them chemically 
in the Group VI range; but the palate marks 
them almost invariably as “ medium bitter- 
sweets.” 

Group VIII. —Full Bittersweet {Strawberry 
Norman Type). Varieties normally containing 
not more than 0*45% malic acid and not less 
than 0*4% tannin. 

Members of this group are pronounced 
“ bittersweets ” with the tannin character 
generally overwhelming to the palate. That 
feature distinguishes their ciders from those of 
the Group Vli varieties, which otherwise they 
closely resemble. Not infrequently this charac¬ 
ter renders it impossible to use them in blends 
except in low proportions. 

While the chemical composition of the apple 
does not necessarily indicate the value of that 
apple for cider making, nevertheless vintage 
quality is closely correlated as a rule with the 
composition of the juice. Apple juice is a liquid 
containing many constit uents, of which the chief 
in cjuantity are the sugars (Isevulose, glucose, 
and sucrose), malic acid, tannins, pectin and 
minerals. Typical analyses of three varieties of 
French apple juices are given in the following 
table: 



Bo dan. 

St.Martin. 

liouteille. 

Density of juice . 

1063 

1060 

1055 


% 

% 

% 

Water 

83*16 

84*34 

85*76 

Glucose and Imvu- 




lose .... 

IMO 

10*00 

9*10 

Sucrose 

1*40 

1*40 

1*30 

Malic acid. 

0*28 

0*26 

0*30 

Nitrogen . 

0*055 

0*062 

0*064 

Tannins . 

0*16 

0*12 

013 

Pectins and Gums 

0*32 

0*51 

0*42 

Ash ... . 

0*23 

0*36 

0*34 

Unidentified com¬ 




pounds, fats, 




sorbite, etc. 

3*315 

2*948 

2*596 


100-000 

100*000 

100*000 


The nature of the ash constituents and the 
approximate quantities of the individual con¬ 
stituents are shown in the table on p. 123, which 
have been obtained by the analyses of three 
typical French ciders. 
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Ille-et- 

Vllaine 

Manche 

Seine-Inf. 

Silica 

% 

0-0017 

% 

0-0010 

% 

0-0020 

Phosphoric acid . 

0-0229 

0-0205 

0-0225 

Sulphuric acid 

0-0145 

0-0065 

0-0225 

Chlorine . 

0-0023 

0-0020 

0-0225 

Iron and alumin¬ 
ium oxides . 

0-0017 

0-0015 

0-0225 

Calcium . 

0-0050 

0-0042 

0-0100 

Magnesium 

0-0037 

0-0080 

0-0150 

Potassium 

0-0970 

0-0113 

0-0730 

Sodium 

0-0020 

0-0021 

0-0015 

1'otal ash . 

1-0805 

1-0980 

2-0787 


Apple tannins have not been very closely 
studied, but they resemble more the products 
from coffee, caehou, or quinquina than oak-gall 
tannin. Their oxidation by means of an oxidase 
is mainly the cause of the characteristic amber 
colour of ciders. 

The nitrogenous compounds of apple juice 
consist of complex proteins, acid amides, and 
traces of ammonia. In freshly expressed juices 
the nitrogen content usually ranges from 0*15 
to 0-03%. During the course of fermentation 
a material quantity of the nitrogen content is 
removed owing to its assimilation by the yeasts 
and the residual amount in most finished ciders 
is approximately 0-04%. These constituents 
have an important bearing on the (quality 
of the cider since they are mainly responsible for 
the rate of fermentation of the jui(^e. If the 
nitrogen content is high, the fermentation of the 
juice is rapid and a coarse type of eider results. 
A low content of nitrogen is associated with a 
slow rate of fermentation and a product of 
superior quality. 

The composition of the juice of any individual 
variety is subject to considerable variation, both 
from year to year and when obtained from 
samples of fruit grown under different local 
conditions. Many factors influence its com¬ 
position. Among these the more important are 
climate, soil, condition of ripeness of fruit at 
the time of expression of the juice, methods of 
culture of the tree, age of the tree, the size of 
the croj>s borne by the tree during the previous 
two or three years, and manurial treatment 
given to the tree. 

Perry pears may be distinguished from 
other varieties of pears by their possession of 
superior vintage quality, as in the analogous 
case of the cider apple already referred to. 
The same general remarks as regards com¬ 
position and its liability to variation apply in 
their case too. Owing to their relatively small 
number, no systematic classification has hither¬ 
to been estabUshed. The features of any 
classification, if formulated, would probably 
follow along very similar lines to those of the 
apple classification outlined above. 

The possession of high vintage quality does 
not necessarily entitle the variety in question 
to a place in a selected list of varieties to be 
recommended to growers for culture. What 
may be comprehensively termed the “ orchard 
qu^ties ” of the variety have also to be taken 


into account for economic reasons. Thus, for a 
variety to qualify for inclusion in a selected 
list, it must attain a suitable standard in 
respect of both vintage and orchard quality. 
The important characters concerned with the 
orchard quality of a variety are the capacity 
of the tree to grow adequately and to maintain a 
reasonable state of good health over a long 
period of years under grass orchard conditions, 
freedom from serious susceptibility to damage 
from insect pests and fungus diseases, good 
cropping quality, and individual fruits of at 
least fair size. 

During the past quarter of a century both 
the vintage and orchard qualities of many 
varieties of cider apples have been investigated 
and, as a result, the list on page 124 of approved 
sorts prepared by the Long Ashton Research 
Station. Some of the varieties included in 
the list, such as Kingston Black, Foxwhelp, 
and Cap of Liberty, need to be grown under 
suitable local conditions and on appropriate 
soil, but most of the varieties named can be 
recommended where local conditions are 
favourable for apple culture in general. 

Cider apples and perry pears are normally 
grown in grass orchards, the type of tree being 
that known in horticulture as a “ standard,” 
a form with a single main stem at least 6 ft. in 
length from ground level to the beginning of the 
head of the tree. This type of tree is necessary 
to enable use to be made of the grass sward of 
the orchards for grazing by livestock. Cultiva¬ 
tion in grass is preferred to cultivation iti tilled 
land on account of reduced costs of cultivation, 
the better harvesting conditions for the fruit 
and the lower nitrogen content obtained in the 
juice. The individual trees should stand a 
minimum of 30 ft. apart and many strongly 
growing varieties need a distance of 35 to 40 ft. 
apart. An adeejuate and economic control of 
pests and diseases can be obtained by spraying 
in alternate years with an egg-killing winter 
wash and a spring spraying with lime-sulphur 
respectively. The sward of the orchard should 
be kept close by grazing. After the heads of the 
trees have been suitably shaped and established 
in their earliest years little pruning is required 
beyond an annual overhaul to remove any 
interlacing or dying and dead branches. Orchard 
management along these lines is now being 
more and more extensively practised, but the 
older generation of orchards in the West of 
England affords many examples of the deplorable 
results of neglect of proper management. 

The earliest-ripening varieties of cider apples 
begin to ripen in September and the latest are 
not fit to gather until the early winter. The 
correct time for harvesting needs to bo decided 
for each variety separately ; it is when the apples 
fall freely when the tree is lightly shaken. 
Premature harvesting means a loss of quality 
in the ultimate cider, since the fruit docs not 
acquire its full vintage quality until it has 
ripened to a comparatively mature state on 
the tree. Normally the fruit at this stage of 
maturity has not yet reached its optimum 
condition for cider-making and needs to be 
stored for a period before that point of condition 
is reached as a result of the conversion of 
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Harvesting season. 

Name of vintage class of variety. 

Sharp. 

Sweet. 

Bittersweet. 

Early (to mid-October) 

Backwell Red 

Court Royal 

Belle Norman {syn. 

Per thy res) 

Major 

Royal Jersey II 

White Jersey 

White Norman 

Mid-season (mid- 

October to early 
November) 

Cap of Libert 3 '^ {syn. 

Red Soldier) 

Dymock Red 

Fair Maid of Devon 
Foxwhelp 

Frederick 

Kingston Black 
Langworthy {syn. Sour 
Natural, Wyatt’.s 

Seedling) 

Porter’s Perfection 
Rejuvenated Foxwhelp 
Stoke Red 

Yellow Styre 

Berkeley Pippin 
Kggleton Styre 

Sweet Alford 

Sw’cet Coppin 
Woodbine 11 {syn. 
North wood, Sweet 
Woodbine) 

Buhner’s Norman 
Ellis’ Bitter 

Knotted Kernel 
Masters’ Jersey" 

Harry Masters’ 
Jersey) 

Royal Wilding 
Tremlett’s Bitter 

Y arlington Mill 

J ersey 

Late (November and 
later) 

Oirnson King 

Lambrook Pippin 
Keinette Obry 

Woodbine I {syn. 
Slack-ma-Girdle) 

Dabinett 

Dove 

Medaillo d’Or I 

1 Micdielin 

Reine de Pommes 
Silver Cup 

Tardive Forestier. 


starch to sugars and various changes in the 
pectin and otlier constituents. During this 
period of storage the apples can be kept either 
under cover or outdoors, provided that in the 
latter case the lowest layer of fruit in the 
heap does not rest directly on the ground. 
If that occurs, there is risk of an earthy taint 
being acquired and transmitted in duo course 
to the cider. Storage on a bed of straw or 
rough boarding provides the necessary security 
against this risk. From the foregoing it follows 
that it is undesirable to mix in the same heap 
of fruit apples of widely varying conditions of 
ripeness. Uniformity of ripeness is essential if 
the best results are to be obtained. 

When the fruit is adjudged to be fit for milling 
the practice in up-to-date factories is to wash 
it as thoroughly as possible before passing it on 
to the mill. This operation of washing is of 
relatively recent introduction into cider¬ 
making routine and serves the double purpose 
of thoroughly cleansing the fruit and affording 
a convenient and simple opportunity for the 
removal of any apples which may have rotted 
during storage. It has also been found that 
the subsequent management of the fermenta¬ 
tion of the juice is easier and the clarifica¬ 
tion processes rendered quicker and more 
thorough. 

For the expre.«»sion of the juice considerable 
improvements have been introduced in recent 
years in the nature and construction of the 
mills and presses and the accessory equipment. 


Most modern cider mills are of the grater type. 
These, with their high speed of 2,000 revolutions 
a minute, are capable of reducing fruit to a 
very finely divided pulp in a short space of time. 
A mill of average size can deal with a ton of 
fruit in 10 minutes or less. Most of the newer 
presses installed are of the hydraulic type. 
The milled fruit pulp—the “ pomace —is 
built up on the bed of the press into a “ cheese,” 
as it is technically termed. The accessories used 
in juice extraction are devised to facilitate the 
rapid and complete expression of the juice and 
its free drainage from the ” cheese ” of pulp. 
For this purpose a wooden slatted drainage 
rack is first placed on the bed of the press 
and on it is laid a netted or open-meahed cloth 
of cotton or other suitable fibre. In this the 
pomace is received and spread evenly as far 
as the edges of the drainage rack until a layer of 
pomace about 3 ins. in thickness is obtained. The 
overlapping sides of the cloth are then wrapped 
over the pomace layer and above this a second 
rack is placed and the same procedure repeated 
until a ” (iheese ” consisting of about seven 
tiers or layers of pomace is obtained. 
The press is then put in action and 
in the course of from 15 to 30 minutes the bulk 
of the available juice is expressed, the individual 
layers of pomace being compressed so tightly 
that the drainage racks above and below 
each are nearly in contact. 

It is usual to press the pomace immediately 
after delivery from the mill, but many old 
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cider makers prefer to allow the pomace to stand 
in tubs for from 12 to 24 hours before pressing. 
This maceration was found, when the older types 
of mills and presses were used, to facilitate the 
subsequent expression of the juice and was 
believed also to improve the vintage quality of 
the liquor. Occasional makers still adopt this 
practice but, with the modern machinery now 
widely used, it is doubtful if any advantage is 
derived from it. With the use of modern 
equipment it is possible to obtain from 75 to 80% 
of the original weight of the fruit as juice, if 
the fruit used is in good condition and at a 
suitable stage of ripeness. With older types of 
machine‘s a yield of 70% must be ranked as 
above the average. 

The residual pressed pomace after the expres¬ 
sion of the juice in the manner described con¬ 
tains about 70% of its wtught in the form of 
juice which cannot be expressed by a single 
pressing. Many makers break up the cakes of 
pressed pomace into a fine state of division by a 
suitable machine and subject this pulverised 
pomace to a further pressing. By so doing an 
additional yield of about 20 gallons of juice per 
ton of fruit can be obtained. It depends upon 
the value of the particular juice in question 
whet her or not this second pressing is economic. 

With modern equipment and fruit in good 
condition the average yield of juice per ton of 
fruit should af)proximate to 160 gallons. 

In France, instead of the juice being expressed 
in this manner it is sometimes obtained by 
extra(‘tion from the thinly sliced fruit by a 
diffusion j)roccHs similar to that used in the beet 
sugar industry. This method has also bt^cn 
tried by some English cider makers, but has not 
been generally favoured. 

The freshly expressed juice is a turbid liquid, 
somewhat viscous owing to its rather high 
pectin content, and ranging in colour from a pale 
straw tint to a deep amber-brown. Its colour 
generally can be correlated approximately with 
its acid and tannin contents, acid tending 
towards the paler shades and tannin towards the 
deeper; thus a high-acid low-tannin juice is 
usually very pale and a low-acid high-tannin 
one dark, while a high-acid high-tannin sample 
as a rule is decidedly darker than one of similar 
acidity but less tannin. Held in suspension in 
the juice are fragments of fruit tissue of varied 
size, the amount and character depending to 
some extent on the state of ripeness of the 
fruit at the time of milling and largely also 
on the degree of fineness of milling and the form 
of construction of the cheese and the kinds of 
cloths used. The coarser material is removed 
by straining the juice through a fine-meshed 
sieve after it leaves the press; but normally 
sufficient suspended solid matter remains in 
the juice after sieving to render it desirable to 
take other steps for its removal, so that the 
fermentation vessels may be kept in cleaner 
condition and risks of flavour depreciation due to 
its presence during fermentation reduced as 
far as possible. A fair clarification of the juice at 
this stage is mostly effected in practice by one or 
other of the following three ways. Centrifuging j 
the juice usually is effective to a high degree, | 
but at present few makers outside the larger j 


factories possess appropriate centrifuges. Effec¬ 
tive filtration of the juice would serve, but is 
difficult to attain, and also very slow, owing to 
the presence of pectins. A simple method is that 
of “ keeving,” which consists in allowdng the 
juice to stand at rest for a period of several days 
(until fermentation becomes active) in a large 
open vat. Defecation occurs, most of the 
suspended matter rising to the surface and 
forming a more or less dense head easily 
removable by skimming and the bulk of the 
remainder sinking to the bottom of the vat to 
form the lees, which are separable by racking at 
the appropriate time. The chief drawback to 
the “ keeving ” method is the acetic fermenta¬ 
tion which invariably occurs, sometimes to a 
slight or even negligible extent when the juices 
are prompt in coming into active fermentation, 
but at others to a degree leaving permanently 
in the prepared cider a distinct taint of aroma 
and flavour. To minimise this at^tion keeving 
at low temperature (35"K.) has been adopted 
with some success where facilities for (billing 
are available. The most primitive method of 
juice clearing is still the simplest and the one to 
bo advised usually when a centrifuge is not 
available. In this the freshly expressed liquor 
is placed at once in the fermentation casks and 
allow'cd to stand there with tlie bung open 
pending the onset of active fermentation. This 
is associated in its earliest stages with the 
formation of a thick, sticky head of foam, wdiich 
as formed carries wdth it much of the suspended 
material to the open bung-holo where it is 
extruded over th(^ sides of the cask. Within a 
few days generally this phase passes, active 
fermentation takes charge and then, for the first 
time, it is desirable to insert in the bunghole a 
bung fitted with a modern form of vent-tube 
which permits the evolved carbon dioxide to 
escape and prevents any atmospheric oxygen 
rea(;hing the liquor. 

After the preliminary clarification of the juice, 
by whatever method adopted, the fermentation 
process is allowed to proceed uninterrupted until 
it has reached the desired point. The great 
majority of cider makers allow the juice to fer¬ 
ment “ naturally,” in which case the wild 
yeasts which occur on the skin of the apple and 
are washed into the juice during the milling 
and pressing operations are the active micro¬ 
organisms concerned. Other makers, however, 
control the nature of the fermentation by the 
use of selected yeasts, cultures of which are 
added to the freshly expressed juice in quantity 
sufficient to dominate the fermentation w’hich 
takes place subsequently. More complete 
control can be obtained by the pasteurisation of 
the juice before the addition of the pure yeast 
culture; but this method is open to the draw¬ 
back that the pasteurisation of the juice affects 
its flavour to some extent. 

In the natural fermentation several different 
kinds of yeast are usually concerned. During 
the course of the production of the beverage 
three distinct phases in the micro-organism 
flora, characterised by the predominance of 
certain yeast types, occur. In the initial stages 
of fermentation yeasts of the apiculatus type are 
relatively numerous. During the most active 
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stages of fermentation which follow, yeasts of 
the ctrevisiae^ eUijiaoideuSy and Pastorianus types 
are predominant. When active ffermontation 
has been completed the residual flora is charac¬ 
terised by the presence of a relatively large 
proportion of small-celled yeasts of the Torula 
class. At this stage also there is generally an 
increase in the proportion of bacteria to yeasts, 
unless the later stages in the production of the 
beverage are very carefully managed. 

Two distinct courses of procedure in con¬ 
nection with the fermentation stage are open 
to the cider maker. Under the older method 
the juice is permitted to continue to ferment 
until active fermentation comes to a natural end. 
When that point is reached steps are taken to 
clarify by racking or other methods described 
below. With this method the ultimate character 
of the cider as regards sweetness depends only 
upon the extent to which the natural fermenta¬ 
tion of the juice is carried. This varies greatly 
with different juiees and is determined mainly by 
the content of soluble organic nitrogenous com¬ 
pounds suitable for yeast nutrition in the juice. 

The alternative method open to the cider 
maker is the one of “ checked-fermentation,” 
which has for its object the retention of a degree 
of natural sweetness in the liquor desired by the 
maker. This necessitates bringing active fer¬ 
mentation to a standstill when the corresponding 
point of specific gravity is approached. Racking 
for this purpose is unreliable, although occasion¬ 
ally stoppage of fermentation can be obtained 
in this way when the nitrogenous content of the 
juice is exceptionally low. Filtration is far 
more effective, provided that pulp filters of a | 
fairly modem type are used. The most recent 
way which has been found to give the maker a 
high degree of control—as well as other advan¬ 
tages—is to centrifuge the fermented liquor 
when the desired point of specific gravity has 
been reached. 

In the production of sweet ciders the maker 
using the “ checked-fermentation ” method 
obtains a beverage with a part of the natural 
sweetness of the apple retained, for which he 
must rely on the efficiency of his method of 
chocking the fermentation. Under the older 
method the degree of sweetness left in the liquor 
at the end of the fermentation is very variable 
in different cases and generally insignificant in 
amount ; the required sweetness has then to be 
provided by the addition of sugar. For the 
production of dry ciders fermentation is allowed 
to proceed in any case until it comes to a natural 
end. 

At the end of the active fermentation period, 
whether this has been achieved artificially or 
not, the liquor is placed in clean, tightly-bunged 
casks and allowed to mature for a period. For 
the storage of cider in bulk large reinforced 
concrete vessels lined internally with glass tiles 
or an impermeable, tasteless, and odourless 
material unacted on by cider are being used to an 
increasing extent and displacing the large wooden 
vats used hitherto. 

Generally the liquor reaches the period when 
it is sufficiently mature for consumption 
during the course of the spring following the 
autumn or winter in which it was made. A 


longer storage period sometimes gives an 
improvement in quality, but more usually a 
cider is at its peak of quality during the late 
spring and summer of its first season. 

Before it is placed on the market for con¬ 
sumption some degree of refining is required. 
For draught cider a final filtration through a 
pulp filter is adequate; the same applies to 
bottled ciders intended for natural conditioning. 
Since, however, ciders refined in this way are 
subject to the risk of certain bacterial disorders, 
such as cider “ sickness ” and acetification, a 
bacteria-proof filter has been adopted in recent 
practice to obtain a sterile beverage; the liquor 
in that event has to be conditioned for 
bottling purposes by artificial carbonation. 

In bottling cider two methods are generally 
used. The older method, in which the liquor is 
allowed to condition itself naturally in the bottle 
by a slow after-fermentation, is somewhat 
uncertain in its results and has been largely 
displaced latterly by the method of artificial 
carbonation. In the former method cider re¬ 
quires to be bottled at the correct time in its 
life. This varies according to the individual 
ciders concerned and considerable experience is 
required to determine when a given cider 
has reached the best time for bottling ; if 
bottled too soon, the liquid becomes overcharged 
with gas and an excessive deposit is formed in 
the bottle; if bottled too late, little or no after 
fermentation occurs in bottle, the liquid 
accordingly remaining flat and being frequently 
disfigured by the development of “ fliers ” 
resulting from the growth of acetic bacteria. 
As a rule bottling under this method should be 
done between mid-February and early May 
in the spring following making. The earbona- 
tion process of bottling has the great advantage 
that the cider can be bottled at any time of the 
! year in condition for immediate consumption, 

[ while the problem of deposit does not arise. 
When ciders which have been sterilised by 
filtration through bacteria-proof filters prior to 
bottling are used, all parts of the bottling plant 
as well as the bottles and corks must be sterilised 
to prevent re-infection with micro-organisms. 

The chemical composition of mature ciders 
differs considerably in individual cases, the most 
striking differences being usually in sugar and 
alcohol content according to whether the product 
is of the sweet or dry type. 

The table on page 127 shows the composition 
of some typical ciders of various degrees of 
sweetness and dryness. 

Cider is subject to several disorders. Of 
these the commonest are acetification, sickness, 
ropiness and oiliness, and discoloration. The 
first three are directly due to the action of 
specific bacteria, and the last, in some instances 
at least, may be indirectly attributable to acid- 
destroying micro-organisms. In the case of acetifi¬ 
cation, the “vinegar” fermentation, in which 
several distinct kinds of acetic bacteria may be 
concerned, all ciders are attacked unless the 
liquor is protected at all stages of manufacture 
and subsequently imtil consumed. Every juice 
comes from the press more or less heavily 
infected with the bacteria in question and 
exposure to air must be reduced to the lowest 
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A 

B 

C 

B 

E 

Density. 

1008-5 

1003-5 

% 

1000-0 

1025-0 

1019-0 

Total dry extract at 100° . 

% 

3-025 

2-37 

2-06 

% 

7*71 

ff03 

Total sugar. 

1-67 

0-23 

0-15 

5-53 

4-03 

Alcohol. 

3-1 

7-5 

6-45 

3-8 

4-6 

Volatile acids. 

0-050 

0-05 

0-036 

0-073 

0-074 

Fixed acid. 

0-152 

0-675 

0-458 

0-201 

0-229 

Tannin. 

0-041 

0*170 

0-058 

0-208 

0-234 

Ash. 

0-175 

0-375 

0-215 

0-248 

0-235 


practicable minimum, for at no period docs 
cider attain a sufficient alcoholic strength 
to render it immune from the development of 
these organisms. The carbon dioxide developed 
during the active fermentation of the juice 
forms a natural protectant and the liquor as far 
as possible should be kept saturated with this 
gas, by direct addition when necessary, through¬ 
out its life. Cider sickness, (the “ maladiodola 
tourne ” and “ la pousse ” of the French), is a 
violent form of alcoholic fermentation produced 
by the “ sickness ” bacillus and apt to attack 
sweet ciders, whether in cask or bottle, when the 
temperature rises during the late spring or 
summer following manufacture. Its onset 
appears w ithout warning and is generally accom¬ 
panied by an intensely rapid evolution of 
carbon dioxide. A characteristic odour and 
flavour are produced and in course of time 
usually a dense milky turbidity appears in the 
liquor in consequence of a chemical action of 
formaldehyde and other aldehydes formed 
during the fermentation on the tannin of the 
cider. Ciders with a malic acid content of 0*5% 
and over are not often attacked. Storage at 
the coolest temperature available is recom¬ 
mended for all sweet ciders which have not 
been passed through a bacteria-proof filter. 

Ropiness in cider is similar in character to 
the corresponding disorder of wines, and oiHness 
appears to be an incipient or little developed 
stage. It is not of frequent occurrence, but is 
specially apt to appear when sugar is added for 
sweetening j)urposes. The use of a bacteria- 
proof filter for the final clarification of cider 
is probably the most effective method of pre¬ 
vention of this disorder. All sugar syrups used 
for sweetening should be sterilised before 
addition, as a precaution against infection from 
this source. 

Discoloration or “ blackening ” of ciders is an 
unsightly disorder, but otherwise not actually 
detrimental to the beverage. The affected 
liquor turns dark after exposure to air, in bad 
cases within a few minutes of being poured | 
into the glass for consumption. The discolora¬ 
tion is an oxidation effect and associated with 
the presence of iron in a certain form in the 
liquor. The iron contamination is most often 
acquired from metallic utensils with which 
the pomace or liquor has been in contact, but 
certain soils are reputed to yield fruit specially 
susceptible to the disorder. A relatively high 
acidity in the cider tends to retard the appear¬ 
ance of blackening and those samples which 


have had their acidity reduced by the action of 
acid-destroying bacteria appear to be highly sus¬ 
ceptible to the trouble. In some cases enzyme ac¬ 
tion also may be associated w'ith its development. 
The use of sulphur dioxide as a preservative 
gives some measure of protection against its 
appearance. 

During recent years several by-products of the 
industry of soine importance have been 
develoi)ed. In France a considerable proportion 
of the total output of cider each year is distilled 
for the production of potable alcohol. 
“ Calvados ”—a form of cider brandy obtained 
thus—has been for many years a well-known 
by-product of the industry. In some countries 
cider vinegar (v. V'ol. 1 , p. 46a) prepared by the 
controlled ncetification of fully fermented ciders 
is produced extensively and is in considerable 
demand. 

Various uses for the pressed pomace left after 
the final extraction of the juice have been 
found. In its fresh state it has some value as a 
food for livestock, provided that it is not kept 
so long that acetification to a material amount 
occurs. The material is now generally dried 
in suitable drying machines until the moisture 
content is reduced to approximately 10%. 
In that form it is perfectly stable and can still 
be used for stock-feeding purposes, being 
frequently incorporated with other feeding stuffs 
of more concentrated food value in compound 
cattle cakes. Considerable quantities of com¬ 
mercial pectin are extracted from dried pomace 
at the present time and used in jam manu¬ 
facture. B. T. P. B. 

CIGNOLiN. Dihydroxyanthranol, used in 
the treatment of various skin diseases {Bayer 
Products^ London). B.P.C. 

CINCAINE. i6(oPropylhydrocuprelno 

hydrochloride, used as a local ana*8thetio 
{Howards^ London). B.P.C. 

CINCHOMERONIC ACID. Pyridine- 
3:4-dicar boxy lie acid. 

CINCHAMIDINE V. Cinchona Ai^kaloids 
(this vol., p. I62a). 

CINCHENE V. Cinchona Alkaloids (this 
vol., p. 158c). 

CINCHOLOlPONIC ACID v. Cinchona 
Alkaloids (this vol., p. I59d). 

CINCHONA ALKALOIDS. 1. Inteo- 
DUCTiON.—The first recorded instance of the 
isolation of a crystalline material from an 
extract of cinchona bark is provided by the 
“ cinchonino ” prepared by Gomes of Lisbon 
in 1810. The basic character of this product 
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was noted by Houtou-Labillardiere, who told 
Pelletier and Caventou about it, and thus 
initiated the invcHtigations of these two Prench 
chemists, who showed that Gomes’s preparation 
consisted of two alkaloids, cinchonine and 
quinine (Ann. Chim, Phys. 1820, (iij, 15, 292). 
Since then many other bases have been isolated 
from cinchona bark, the most recent being 
cjjrquinine and e/>upiinidine, isolated by 
Dirscherl and Thron (Annalcn, 19115, 521, 48). 
The following list includes all the alkaloids 
which can be regarded as belonging to this 
group: 


Empirical 

Formula. Name. 


^19^22^2^2 

^ 19 *^ 24 ^ 2^2 

^ 20 *^ 24 ^ 2*^2 


^ 20 *^ 26 ^ 2**^2 

^ 22 *^ 26 ^ 4^2 


^ 40 *^ 46 ^ 3*^4 

Composition 

undetermined 


Paricino. 

Cinchonine, einchonicine (cin- 
(ihotoxine), cinchonidinc. 

Cinchotine (hydrocinchonine), 
cinchamidine (hydrocinehoni- 
dinc), cinchonamine. 

Cupreine. 

Quinamine, conquinamine. 

Quiniru?, c/>/quininc, quinicine 
(quinotoxine), quinidine, epi- 
quinidine. 

H ydroquinine, hydroquinidine. 

Cbairamine, eonohairamine, 
(ihairamidine, conchairami- 
dine. 

Cusconine, concuseonine, ari¬ 
cine. 

Dicinchonine. 

Diconcpiinine. 

Javaninc, cuscarainc, cuscami- 
dine, cusconidinc. 


It is doubtful whether these arc all well- 
authenticated single substances, as some of 
them are amorphous and not too well charac¬ 
terised. The alkaloids paytine and payiamine 
are sometimes included on the insufficient ground 
that Payta ” bark {Aspidosperma sp,), from 
which they are obtained, has been used as a 
febrifuge. 

Cinchona bark has a long and interesting 
history. It is a moot point whether its anti- 
malarial action was known to South American 
Indians before the advent of Europeans; 
among travellers in that region, Arrot (Phil. 
Trans. 1737-8, 40, 81) and others are of opinion 
that it was, while Humboldt and Markham hold 
that it was not. The first cure of a European 
was reported by Jussieu and is supposed to have 
taken place in 1600. About 1638 the Countess 
of Chin chon, wife of the Spanish Viceroy of 
Peru, was cured of malaria by the use of the 
bark, and this event was commemorated by 
Liiinseus in the name Cinchona^ which he 
adopted for the genus of plants yielding the 
drug. 

The cinchonas occur on the western side of 
S. America between 10°N. lat, and 22°S. lat., 
i.e, in parts of Venezuela, Colombia, Ecuador, 
Peru and Bolivia. Though cinchona bark did 
not meet with universal acceptance among 
the medical profession on its introduction 
into Europe about 1632, its use spread rapidly 
and the great demand led to ruthless exploitation 
of the natural forests and by 1850 there were 


serious prospects of a cinchona famine. By 
that time the cinchonas had been classihed 
botanically and it was feasible to consider the 
formation of plantations in other parts of the 
world. A Dutch expedition under J. C. Hasskarl 
visited the cinchona regions in 1852 to collect 
plants and seed of as many cinchona species as 
})ossible, and in 1859 similar British expeditions 
were organised by 8ir Clements Markham, 
whose book, “ Peruvian Bark,” })ubliHhed in 
1880, gives a comprehensive account of the work 
of these expeditions and of the early history of 
the bark and its uses. 

As a result of those Dutch and British (mter- 
prises cinchona plantations were established in 
Java, India, Ceylon and elsewhere, and at first 
were most successful in India, but in 1855 
Charles Ledger obtained a supply of seed of 
Cinchona Calimya, half of whi(‘h w as planted in 
Java and half in India. This species did well in 
Java, but failed in India, and in the former 
country proved to be the source of a remarkable 
strain of trees, named Cinchona Ledgeriana, 
which improved by unremitting investigation on 
the part of the Dutch planters into tlu^ (‘ffect of 
cultural methods on yield of alkaloid, gradually 
ousted India from the dominant position it 
seemed likely to take about 1880 and conferred 
upon Java the virtual monopoly in cinchona 
production which it enjoys to-day.' 

There are probably few drugs whose early 
history has been so fully recorded as that of 
cinchona, and the reader interested in this part 
of the subject may be referred to the following 
sources of information additional to Markham’s 
book already mentioned: 

1860. “ Nuova Quinologia of Pavon,” John 
Eliot Howard. 

1879. “ Pharmacographia,” Eluckiger and Han- 
bury. 

1891. “ Pharmacographia Indica 1891,” Vol. II, 
Dymock, Warden and Hooper. 

1908. “ The Commercial Products of India,” 
Watt. 

1908. “ Scheikundige Bijdragen tot dc Kermis 
der Java-kina, 1872-1907,” van 
Gorkom. 

1922. Indian Trade Enquiry. Imperial Insti¬ 
tute. Report on Cinchona Bark.” 
1931. “ Notes on the Cinchona Industry.” 

Lecture to the Institute of Chemistry, 
B. Howard. 

1931. “ Pro(!eedings of the Celebration of the 

Three Hundredth Anniversary of the 
First Recognised Use of Cinchona,” 
Missouri Botanical Garden, St. 
Louis, U.S.A. 

1932. “ Kew Bulletin of Miscellaneous Informa¬ 

tion, 1932,” No. 1. 

So long as the world was supplied with 
cinchona bark from the natural forests of South 
America a number of varieties of bark, dis¬ 
tinguished by such names as “ crown,” “ red,” 
“ yellow,” “ grey,” “ soft pitayo,” “ hard 
pitayo,” etc., were marketed, but with the 
advent of systematic planting, the commercial 
varieties have been virtually reduced to “ factory 
bark” derived from Cinchona Ledgeriana or 
hybrids and “red bark ” or “ druggists’ bark ” 
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obtained from Cinchona succirubra, the first being 
used for the manufacture of quinine and other 
cinchona alkaloids, and the second for the pro¬ 
duction of tinctures, extracts, and other galenical 
preparations. Various devices have been intro¬ 
duced into the plantations to enhance the yield 
of bark, to raise its alkaloidal content, and to 
facilitate harvesting and preparation for export, 
and information on thc^se points will be found in 
a paper by D. Howard (.J.S.C.I. 1906, 25, 97). 
Though the bulk of the world’s supply of 
cinchona bark now comes from Java, small 
quantities are still obtained from 8. America, 
India, Ceylon and 8an Thome, but exports 
from Jjimaica and other British possessions 
seem to have ceased. There are small planta¬ 
tions in Tanganyika Territory, formed when this 
colony was German East Africa, from which 


smaU quantities have from time to time 
been exported (Worsley, BuU. Imp. Inst. 1935, 
33, 14). 

It is of interest to compare the yield and nature 
of the alkaloids obtained from the old S, 
American barks with those of modern plantation 
bark, and that is possible owing to the existence 
of a few analyses made by modern methods on 
authentic specimens of old barks, which have 
been kept as museum specimens. These are 
included in Table 1. For commercial and 
industrial purposes it is sufficient to determine 
the moisture, total alkaloids, and quinine content 
of cinchona bark. For that reason modem 
analyses recording the proportions of the four 
chief alkaloids for a particular (inchona bark 
are rare, but such as have been found are also 
included in 'Table 1. 


Table I. 


o 

5 

T)jito of 
su|)[)ly of 
liurk. 

Variety of bark. 

.c Total 
®' alkaloids. 

a 

‘B 

O’ 

aj 

a 

O' 

0 

a; 

a 

'a 

O 

a 

C 

0/' 

a 

'3 

o 

x; 

o 

a 

C 

Araornhous 

alkaloids. 

1 

1870 

C. officinalis (crown bark) 

5-48 

3 09 

014 

F34 

0-32 

0-59rt 

2 

1870 

(J. pitayensis (hard pitayo) 

6-66 

2-42 

0-82 

019 

0*98 

2*25a 

3 

1870 

C. Calisaya (yellow bark) 

412 

2-00 

0*20 

0-46 

0*56 

0*90a 

4 

1865 

C. Calisaya (yellow bark) 

5-80 

361 

016 

0-75 

0-34 

0*93a 

5 

1914 

C. Ledgeriana 

9-10 

7-92 

0-08 

010 

0-08 

0-91 

6 

1919-1923 

(average) 

613 

414 

017 

0*54 

0*38 

0-886 

7 

1925 


5-79 

414 

0-44 

0-36 

0*25 

0-60c 

8 

1925 

Hybrid bark 

C. succirubra (red bark) 

99 

4-54 

2-87 

0-34 

0*33 

0*46 

0-54c 

9 

1888 

6-25 

1-40 

— 

2*25 

1-92 

0-68d 

10 

1921 

607 

M4 

— 

1-43 

1*73 

l-76e 

11 

1930 

99 

6*29 

2-05 

on 

1-47 

1*41 

1-25/ 

12 

1930 

C. rohusta 

5-86 

2-01 


2-42 

012 

1*31/ 


(а) These analyses are from records of John Eliot Howard and the results must bo accepted 
with reserve, as at the dates mentioned the methods of separation of the dill'eront alkaloids 
were very rudimentary. 

(б) Howard, Trans. Boy. Soc. Trop. Med. Hyg. 1924-25, 18, 358. Average composition of 
Java bark, 1919-23. 

(c) Gage, ibid.y p. 350. 

{d) Hooper, “ Year-book of Pharmacy,” 1888, p. 430. 

(e) Howard and Chick, ibid. 1923, p. 637. 

(/) Barks from Tanganyika examined by Worsley, Bull. Imp. Inst. 1935, 33, 22. 


Comj)arison of these analyses establishes the 
superiority of Calisaya bark, oven in 1865, as a 
source of quinine, and analyses Nos. 5 and 6 
indicate clearly that Dutch care of it-s lineal 
descendant, C. Ledgeriana^ has improved the 
yield of alkaloids, the proportion of quinine 
present, and, what is equally important, has 
effected a reduction in the proportion of cin- 
chonidine, the alkaloid which persistently 
accompanies quinine, and whose control is the 
principal objective of most pharmacopoeial 
tests for impurities in quinine sulphate. 

In the early days of cinchona planting, 
attempts were made, especially by de VriJ in 
Java, to popularise the total alkaloids of the 
bark as an anti-malarial drug, but the rapidity 
with which the discovery of quinine was 
VoL. III.—9 


followed by the manufacture of this alkaloid 
in France and England, coupled with the 
persistent advocacy by Moens in Java of 
cinchona cultivation for quinine production, 
soon secured for (juinine a dominant position as 
compared with the other cinchona alkaloids, 
which it still occupies and is likely to retain. 
Analyses Nos. 7 and 8 relate to “ ledger ” and 
hybrid barks produced in India, whore these 
barks are still grown to meet the needs of the 
Government quinine factories in Madras and 
Bengal, which, however, also use considerable 
quantities of Java bark. The two analyses 
Nos. 9 and 10 serve to illustrate the striking 
difference in the relative proportions of the 
various cinchona alkaloids in C. succirubra 
bark as compared with ledger and hybrid barks. 
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No. 9 is described by Hooper as that of a 
typical red bark, bcin^ the average of analyses 
of a large number of Indian-grown 8araj>les. 
No. 10 is an analysis of an average red bark of 
Indian origin. Nos. 11 and 12 are barks from 
Tanganyika Territory. Partial analyses of 
“ ledger,” hybrid, and sncciriibra barks from 
Tanganyika Territory have been made by the 
Imperial institute (Bull. Imp. Inst. 1918, 16, 
387; 1920, 18. 22). by Greenish and Corfield 
(“ Year-book of Pharmacy,” 1923, p. 652), and 
by Goodson and Henry (Pharm. J. 1930, 124, 
351), and complete analyses by Worsley (Z.c.), 
who also gives an account of the progress and 
working of these plantations since 1918. 

As a matter of historical interest, it may be 
recorded that in the late nineteenth century a 
considerable quantity of cuprea bark was sold 
in the London market. This bark was obtained 
from liemijia 'peduncvlata^ a near relative of the 
cinchonas, and was remarkable in containing 
quinine and the corresponding phenol cupreine; 
some cinchonine and quinidino were also present, 
but no cinchonidine. 

2. Extraction of Alkaloids. —The descrip¬ 
tions of processes quoted below refer both to 
extraction of the alkaloids for the purposes of 
analysis and as a first step in manufacture. 
The underlying principles are the same for both 
obje(^tivcs. The alkaloids 0 (!cur in the bark in 
combination with acids, and it is necessary to 
liberate them from these natural salts in order 
to facilitate extraction by immiscible solvents 
such as ether, chloroform, benzene, or petroleum. 
The first step, therefore, is to grind the bark 
finely, usually to a powder that will pass a sieve 
with 40 meshes to the linear inch. This powder 
is then moistened and mixed with an alkali, 
usually lime or soda-lime, and left to stand 
until the a(dion is complete, after which the 
mixture is dried, reground if necessary, and 
extra(!tod with the selected solvent. 

Zebel (Chem.-Ztg. 1891, 15, 735) describes the 
commercial process thus: The finely powdered 
bark is ground to a thin paste with lime, sodium 
hydroxide or sodium carbonate, and extracted 
with warm paraffin oil. On standing the oil 
separates, when it is run oft and shaken with 
dilute sulphuric; acid; this acid solution is 
boiled, and while boiling is neutralised, to litmus 
paper, with sodium carbonate. Quinine sulphate 
crystallises out on cooling, while cinchonidine, 
cinchonine, and quinidine remain in solution as 
sulphates. The quinine sulphate is purified by 
recrystallisation from water after treating with 
animal charcoal. The mother-liquor containing 
the other alkaloids is treated with sodium 
hydroxide and the precipitate of quinidine, 
cinchonidine, and cinchonine extracted with 
dilute alcohol, which dissolves the first two, 
leaving cinchonine behind ; the two former 
can then be separated by means of their 
neutral tartrates, that of quinidine being con¬ 
siderably the more soluble. 

Landrin (Compt. rend. 1889, 108, 750) gives 
the following description of a small-scale extrac¬ 
tion : 300 g. of bark are powdered and passed 
through a No. 40 sieve, then mixed thoroughly 
with 1 litre of milk of soda-lime containing 75 g. of 
quicklime and 75 g. of solution of sodium hydrox¬ 


ide (sp.gr. 1*375). To this mixture, diluted if 
necessary by adding a little water, 2 litres of 
petroleum are added, heated to 100'^ for 20 
minutes, with constant agitation ; tbo oil is then 
decanted, and the extraction repeated with a 
second 2 litres. The 4 litres of extract are 
washed twice with 75 c.c. of 10% sulphuric 
acid added to 150 c.c. of water; and a third 
time with one-third of these quantities. 

A re(;ent example of a small-scale extraction of 
“ ledger ” and hybrid bark in Tanganyika 
Territory is quoted by Worsley (/.c.). 

Schwyzer (“ Die Fabrikation der Alkaloidc,” 
Springer, Berlin, 1927) jjrovides a detailed 
account of a small-scale extraction and a full 
account of factory operations with diagrams of 
plant {see also Vetter, Festschrift E.C. Bareli, 
Basel, 1936, 541). 

The following general processes may be 
quoted as typical of extraction methods for 
analytical purposes. The reagents mentioned 
are those prescribed in the pharmacopoeias, 
which must be consulted for particulars as to 
strength, etc. The “ British Pharmacopooia,” 
1932, proceeds as follows : 10 g. of bark in 
about No. 60 powder are thoroughly mixed 
with 7*5 c.c. of strong solution of lead sub¬ 
acetate diluted with 12*5 c.c. of water, and set 
aside for 1 hour ; 50 c.c. of ammoniacal 

alcohol are then added, the whole again mixed 
and left standing for 1 hour. The preparation is 
next transferred to a continuous extraction 
apparatus, where, with a little more of the 
ammoniacal alcohol, it is extracted for about 
4 hours. The bulk of the alcohol is removed from 
the extract, 10 c.c. of Y-8ul])huric acid and 40 c.c. 
of water added, the mixture heated to boiling, 
then allowed to cool and filtered through a tight 
plug of cotton wool, previously wetted, into a 
separating funnel. The residue in the flask is 
treated with 15 to 20 c.c. of boiling Y/10- 
sulphuric acid, and the acid extract, after cooling, 
also filtered into the separator. The flask and 
the cotton wool plug are finally washed with cold 
water, acidified with dilute sulphuric acid, until 
alkaloids are completely extracted. 20 c.c. of 
chloroform are now added to the separator, the 
contents shaken thoroughly, and the chloroform 
run off into a second separator and any alkaloids 
removed from it by agitation with 5 c.c. of N- 
sulphuric acid diluted with 15 c.c. of water, the 
chloroform being then rejected and the acid 
extract used to treat in the same fashion two 
further extractions, each with 20 c.c. of chloro¬ 
form, of the contents of the first separator. This 
final acid extract is transferred to the first 
separator, excess of dilute solution of ammonia 
added, and the alkaloid completely extracted 
with successive quantities of chloroform. The 
combined chloroform extracts are washed with a 
little water, the solvent distilled off, and the last 
traces of chloroform removed by dissolving the 
residue in 5 c.c. of 95% alcohol, which is then 
evaporated, and the residue dried at 100° and 
weighed. 

The following is a summary of the process 
prescribed in the “ United States Pharmaco¬ 
poeia,” 11th Rev. (1936). 5 g. of bark in fine 
powder and 15 c.c. of 3% hydrochloric acid are 
heated in a 500 c.c. flask on a water-bath for 1 
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hour. To the cooled mixture 200 c.c. of other- 
chloroform solution (chloroform 1, ether 3) and 
10 c.c. of the stronger ammonia test solution 
are added; the well-stoppered flask is shaken 
mechanically for 1 hour, left standing over¬ 
night, and again shaken for half an hour next 
morning. The drug is then allowed to settle, 
160 c.c. of the clear ether-chloroform lirpior, 
representing 4 g. of drug, transferred to a 
separator, and the alkaloids completely extracted 
with 5% sulphuric acid. The acid solution is 
made strongly alkaline with ammonia test 
solution an(l the liberated alkaloids extracted 
with chloroform. The solvent is distiUed off in 
a fared flask and the residue dried at 100° and 
weighed. The weight multiplied by 25 gives the 
percentage of alkaloids in the bark. 

The “ British Pharrnacopceia,” 1932, specifies 
for tlie manniactnre of galenical ])reparation8 
the bark of C. Calimya Weddell, C. Ledgeriaiia 
Moons, C. officinalis Linn., C. saccirubra Pavon, 
and hjdn ids of either of the last two with cither 
of the first two. The bark must contain not less 
than 6% of alkaloids, of which not less than half 
must consist of quinine and cinchonidine. The 
total alkaloids are estimated by the ‘‘British 
Pharrnacopceia,” 1932, process described above. 
In the total alkaloids so obtained “ quinine 
and cinchonidine ” are estimated together by 
precipitation as the mixed tartrates, from which 
the bases are recovered and weighed as such. 
Two examples of the tartrate precipitation 
process arc given below and it is, therefore, 
unnecessary to describe in detail the “ British 
Pharrnacopceia ” method as used for the total 
alkaloids of the bark. 

The “United States Pharmacopoeia” (llth 
llcv., 1936) prescribes the dried bark of the stem 
or root of C. succirubra or its hybrids, or of (7. 
Ledgeriana and C. Calimya or hybrids of these 
with other Cinchona spp. The bark must con¬ 
tain at least 5% of alkaloids as estimatc*d by 
the “United .States Pharmacopoeia” process 
described above. 

The “ German Pharmacopoeia,” 4th ed., 
1926, specifies the bark of C. succirubra^ and 
requires it to contain 6-5% of alkaloids 
calculated as quinine and cinchonine (mean mol. 
wt. 309*2) and detc^rmined by titration of the 
extracted total alkaloids with methyl red as 
indicator. 

3. Analytkjal («).—Estimation of Indi¬ 
vidual Alkaloids. The pharmacopoeial methods 
described above are not only examples of pro¬ 
cesses for the extraction of cinchona alkaloids, 
they also provide modes of estimating the total 
alkaloids in a sample of bark. In the total 
alkaloids so extracted it is nearly always neces¬ 
sary to estimate quinine, or quinine and cin¬ 
chonidine, and sometimes each of the four chief 
alkaloids. It must be remembered that the 
estimation of one component in a mixture of 
organic substances can rarely be effected with 
the accuracy characteristic of the majority of 
determinations of constituents of inorganic 
mixtures. Of the numerous methods that have 
been devised for dealing with mixtures of cin¬ 
chona alkaloids, probably the best is that 
of Howard and Chick with a slight modification 
introduced by Chick (Allen’s “ Commercial 


Organic Analysis,” 6th ed., vol, VII, p. 426). 
This method has the advantage that it provides 
an estimate of the possible yield of quinine 
sulphate from a bark, but it should be realised 
that when this method is applied to the total 
alkaloids of two barks, such as No. 5 and No. 9 
in Table I, the quinine sulj)hate from No. 5 
will contain less cinchonidine sulphate than that 
from No. 9. Goodson and Honrv (Pharm. J. 
1930, 124, 351 ; Quart. J. Pharm. 1930, 3, 238 ; 
1932, 5. 161) have examined the “quinine 
sulphate,” “ cinchonidine tartrate,” “ quinidine 
hydriodide,” and “ cinchonine ” obtained in the 
application of this process to certain mixtures of 
cinchona alkaloids, differing materially from 
those characteristic of the total alkaloids of 
“ factory ” bark and have shown that in such 
cases the precipitates obtained need examina¬ 
tion. Howard and Chick also point out in 
the description given below that the quinine 
sulphate obtained is not to be regarded as pure. 
The method does, however, give good results in 
skilled and experienced hands, and the in- 
experien(^ed, before attempting it, should 
practise the process on cinchona alkaloid mix¬ 
tures of known composition. 

To obtain satisfactory results by Howard and 
Chick’s method a quantity of alkaloid of about 
5 g. should be available. It is desirable to start 
the assay with the estimation of the total 
alkaloids, as this simj)lifies the subsequent work 
and the result is a useful check on the estimation 
of the individual alkaloids. For this purpose it is 
only necessary to evaporate to constant weight 
the extract obtained by any of the methods 
described under the previous heading; or, in the 
case of the paraffin and sulphuric acid extraction, 
to make alkaline with sodium hydroxide, wash 
out with chloroform, evaporate to dryness, and 
dry to constant weight at 10()°“110°. Having 
obtained the weight of total alkaloids, add 3 c.c. 
of 10% sulphuric acid for every gram of alkaloid, 
and warm on the steam-bath till completely dis¬ 
solved. Then add 80 c.c. of distilled water for 
every gram of alkaloid, boil, and while boiling 
neutralise exactly to litmus paper with dilute 
ammonia solution (10%). On cooling for 2 or 3 
hours with occasional stirring practically the 
whole of the quinine will crystallise out as 
sulphate, owing to its being almost insoluble in 
ammonium sulphate solution. Filter through 
counterpoised filter papers on the filter-pump, 
press the crystals down well, pumping as dry as 
possible, and following with two washes of cold 
water each about equal in volume to the bulk 
of the precipitate. The filter papers and 
crystals are now dried to constant weight at 
100°. The weight of anhydrous quinine 
sulphate found multiplied by 1*18 gives the 
amount of rough hydrated quinine sulphate, or 
by 0*868 the amount of rough quinine alkaloid. 
This quinine sulphate is neither white nor pure, 
being \isually contaminated with colouring 
matter and cinchonidine sulphate, and requires 
further treatment. But with the present-day 
Ledgeriana barks the weight may be taken as 
representing the true amount of quinine sulphate, 
as in some thousands of analyses of this bark 
by B. F. Howard and 0. Cliick, the amount 
of quinine sulphate left in the mother liquor 



132 


CINCHONA ALKALOIDS. 


almoRt exactly compensated for the impurities in 
the crystals weighed. 

To the mother liquor and washings from the 
crystals add about 20 g. of Rochelle salt dis¬ 
solved in 30 c.c. of hot water, and stir oc(*asionally 
during 2 or 3 hours. Cinchonidine is com¬ 
pletely precipitated as tartrate. This is collected 
on counteri)oised fdtcr papers at the pump, 
washed with three lots of cold water each about 
equal in bulk to the j^recipitatc, which is then 
dried and weighed. This weight, multiplied by 
0-797, gives the cinchonidine alkaloid. Should 
the bark contain very little cinchonidine, and 
no tartrate be obtained after standing 3 hours, 
it is best to leave the solution for a full 24 hours 
to ensure complete precipitation. 

The filtrate is made alkaline with sodium 
hydroxide solution and shaken out three times 
with ether, using 100 c.c. of washed ether each 
time. The combined ethereal extracts are in 
turn extracted with three lots of 10% sulphuric, 
acid using 10, 10, and 5 c.c. respectively, and 
the acid liquids transferred to a separator con¬ 
taining 25 c.c. of ether. Sufficient sodium 
hydroxide solution is then added to render the 
liquid distinctly alkaline and the whole well 
shaken and left to stand 1 hour. Cinchonine 
crystallises out and is collected by filtration. 
The aqueous layer is shaken out twice more 
using 25 c.c. of ether each time. The crystalline 
cinchonine is washed with the second lot of 
ether, then dried and weighed, and 0-08 g. added 
to correct for the solubility of the alkaloid in 
ether. The combined ethereal liquids are 
extracted with acetic acid, the extract neutral¬ 
ised at the boiling-point with 10% ammonia 
solution, using stuiaitive litmus paper as an 
indicator, 5 g. of solid potassium iodide added, 
and the liquid allowed to cool and left 2 to 3 
hours to enable the quinidine hydriodido to 
separate. The clear supernatant liquid is 
decanted through counterpoised filter papers, 
the precipitate is warmed with a little 50% 
alcohol to dissolve amorphous alkaloidal 
hydriodides, the whole being then fdtered and 
the precipitate washed with small measured 
amounts of 50% alcohol until the quinidine 
hydriodide is pale yellow in colour. The 
precipitate is dried, weighed, and 0-0008 g. 
added to the weight for eadi c.c. of 50% alcohol 
used. The corrected weight multiplied by 0-717 
gives the amount of quinidine alkaloid present. 
The filtrate is evaporated nearly to dryness 
with the addition of enough dilute sulphuric 
acid to keep the remaining bases in solution, 
transferred to a separator, made alkaline, 
and the amorphous bases extracted three times 
with ether using 25 c.c. each time. The ethereal 
extracts are evaporated to dryness and the 
residue weighed as amorphous alkaloids. 

Totaquina. —Estimation of the components in 
mixtures of cinchona alkaloids has assumed 
greater importance owing to the introduction by 
the Malaria Commission of the League of Nations 
of “ totaquinay^' defined as containing at least 
70% of crystalline alkaloids of which not less 
than 15% must be quinine, with not more than 
20% of amorphous alkaloids, and moisture and 
mineral matter not more than 5% each. The 
“ British Pharmacopoeia,” 1932, has modified 


I this definition to “ totaquina is a mixture of 
I alkaloids from the bark of Cinchona suc^iruhra 
Pavon, Cinchona rohuMa Howard, and other 
suitable species of Cinchona. It contains not 
loss than 70% of crystallisable cinchona 
alkaloids, of wliidi not less than one-fifth is 
quinine.” Totaquina may be mach; either by 
extracting the total alkaloids of a suitable 
cinchona bark (Type A) or by using the residual 
alkaloids left in quinine factories after the 
bulk of the quinine has been extracted, suffitaent 
quinine being added to bring the product up to 
the required standard (Type B). These two 
types of totaquina differ considerably in com¬ 
position, but the pharma cox)oeial process is 
designed to deal with both. 

British Pharmacopoeia'''' Method for Tota¬ 
quina. —A mixture of 2 g. of totaquina with 
20 c.c. of A-Ruly)huric acid, 40 c.c. of water, 
and 40 c.c. of 95% alcohol is heated to boiling 
and, while still hot, made just alkaline to 
litmus by addition of A/lO-sodium hydroxide. 
To the cooled liquid A/lO-siilphuric acid is 
added droj) by drop until the solution is 
slightly a(*id to litmus : the liquid is then boiled 
for 1 or 2 minutes, cooled, and rendered slightly 
acid to litmus if necessary, boiled, and filtered 
into a tared flask, the original vessel and filter 
being washed with boiling water until all the 
alkaloid is extracted. The washings are added to 
the filtrate, which is then evaporated to about 
120 g. ; 30 g. of powdered Rochelle salt are 
added, the mixture shaken to complete solution 
and set aside for 24 hours. The precipitated 
tartrates are collected on a hardened filter, the 
flask and filter being washed with 80 c.c. of a 20% 
(weight/volumo) solution of Kochollo salt used in 
suitable portions. The filter and washed pre¬ 
cipitate are returned to the flask, shaken with 
40 c.c. of solution of sodium hydroxide and 80 c.c. 
of chloroform and set aside, with occasional 
agitation, until complete solution is effected. The 
cldoroform solution is then separated, the flask 
and the aqueous liquid being washed with 
chloroform in portions until all the alkaloids are 
extracted. The combined chloroform solutions 
are washed with a little water, the solvent 
evaporated, the last traces being removed by 
dissolving the residue in 5 c.c. of alcohol, which is 
then evaporated, the final residue being dried 
and weighed as quinine and cinchonidine. In 
this residue the amount of quinine is estimated 
by a methoxyl determination using 0-2 g.; 
1% of methoxyl is taken as equivalent to 10-45% 
of quinine. The procedure for the estimation of 
cinchonine and quinidine in the filtrate from the 
quinine and cinchonidine tartrates is sub¬ 
stantially that of Howard and Chick described 
above, and the sum of the percentages of these 
four alkaloids found is taken as the percentage 
of crystallisable alkaloids. 

Instead of estimating quinine and cinchonidine 
by either of the two processes described above, 
the two alkaloids may be precipitated together 
as tartrates and the content of each deter¬ 
mined polarimetrically. This plan forms part of 
the following process devised by Howard as 
particularly suitable for cinchona febrifuge (see 
Quinetum), and also for totaquinas of type B, 
and was adopted as an alternative method by the 
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Committee of Experts appointed by the Malaria 
Commission of the League of Nations to investi¬ 
gate the standardisation of totaquina (CH/ 
Malaria 183, Geneva, 10/10/1932). 

Committee Method for Totaquina .—Ten grams 
of the product are dissolved in 50 c.c. of 10% 
hydrochloric acid, the solution being transferred 
to a large separator containing 750 c.c. of 
washed either. Excess of ammonia solution 
(sp.gr. 0*950) is added and the mixture shaken 
vigorously. The crude cinchonine which re¬ 
mains undissolved is filtered out at the 
pump, the filtrate separating into two layers, 
(a) ethereal, which is returned to the first 
separator, and (6) aqueous, which is placed in a 
second separator, where it is re-extracted with 
another 500 c.c. of other, which is added to the 
first lot, the aqueous liquid being reserved for 
further treatment. The crude cinchonine is 
washed, first with 50% alcohol and finally with 
acetone, until the washings in each case come 
through nearly colourless, after which it is dried 
and weighed. 13ie washings are evaporated to 
dryness and the residue of amorphous alkaloids 
weighed. The combined ethereal solutions are 
wash(*d out three times with 5% tartaric acid 
solution using 100 c.c., 50 c.c., and 20 c.c. con¬ 
secutively ; the united acid liquids are heated 
to boiling, neutralised to litmus paper with 
20% sodium hydroxide solution, set aside for 
18 hours to allow complete precipitation of 
quinine and cinchonidine tartrates, and the pre¬ 
cipitate collected, washed with as little cold 
water as possible, dried, and weighed. In it 
quinine and cinchonidine are determined polari- 
metrically by the method described below. 

The filtrate is transferred to a separator, excess 
of 10% ammonia solution added, and the 
mixture extracted twice with ether using 500 c.c. 
each time. The aqueous liquid is added to 
the original aqueous liquor already reserved. 
The combined ethereal solutions are extracted 
three times with 2*5% sulphuric acid using 
80, 40, and 30 c.c. consecutively ; these acid 
extracts are mixed, rendered alkaline with 10% 
ammonia solution, shaken vigorously with 50 c.c. 
of washed ether, and the mixture left standing 
24 hours to allow a further quantity of cin¬ 
chonine to crystallise out, which is collected, 
dried, weighed, and the weight added to that 
of the cinchonine already isolated. The filtrate 
is shaken out with two further lots of ether, 
500 c.c. each, and the aqueous liquid added to 
the two aqueous liquors already reserved. The 
united ethereal extracts are then shaken out 
three times with 2*5% sulphuric acid using 50, 
40, and 30 c.c. consecutively ; the mixed acid 
extracts are heated to boiling, neutralised to 
litmus with 20% sodium hydroxide solution, 
excess of powdered potassium iodide, about 
10 g., added, and the solution left standing over¬ 
night. The liquid is then poured off and added 
to the reserved aqueous liquids ; the precipitate 
is well stirred with 20 c.c. of 50% alcohol and 
the mixture warmed to about 60°C. to dissolve 
amorphous hydriodides. The quinidine 
hydriodide is then filtered off, washed as 
economically as possible with warm 50% 
alcohol until apparently free from amorphous 
hydriodides, then dried and weighed. The 


weight multiplied by 0*717 gives the amount of 
quinidine base. 

The bulk of the alcohol is evaporated from 
the filtrate, the residue of the latter added to the 
alkaline liquors already reserved, and the whole 
extracted with a mixture of benzene and amyl 
alcohol (3:1) (“British Pharmacopoeia,*’ 1914). 
This extract is then evaporated to dryness 
and the wcught of the amorphous alkaloids 
left added to that found in the initial extraction 
to give the total amorphous alkaloids. 

Polarimetry of Tartrates .—If the precipitate of 
tartrates of quinine and cinchonidine is too 
dark-coloured to be used as such for polarimetrio 
reading, it is recrystallised by the following 
process : About 0*8 g. of the j)recipitate, dried 
at to 100^^, is mixed with 15 c.c. of a cold, 
saturated, aqueous solution of quinine and 
cinchonidine tartrates, 1*5 g. of tartaric acid 
added, and solution effected by boiling, 0*02 g. of 
decolourising carbon Ixfing added. The solution 
is then filtered, about 5 c.c. of a cold, saturated, 
acpu'ous solution of quinine and cinchonidine 
tartrates being used to wash the (carbon on the 
filter. The filtrate is raised to boiling-point 
and at that temperature neutralised to litmus by 
sodium hydroxide solution and set aside with 
occasional stirring. The purified tartrate pre¬ 
cipitate is filtered off, washed with 3 lots each of 
6 c.c. of cold, saturated, aqueous solution of 
quinine and cinchonidine tartrates, then with 
5 c.c. of distilled w^atcr and finally dried at 
90° to 100°C. and weighed. 

Eor the polarimctric determination 0-5 g. of the 
purified tartrate is dissolved in 5 c.c. of A- 
hydrochloric acid, made up to 20 c.c. at 17"C. 
with distilled water and the optical rotation read 
in a 2 dcm. tube. Pure quinine tartrate under 
these conditions gives a reading of —10° 50'and 
each decrease in this readiug of 2° 65' represents 
1% of cinchonidine tartrate. The wxfight of 
tartrate X 0*80 - - weight of free alkaloid. 

(6) Examination of Commercial Quinine 
Salts.—Most pharmacopceias specify standards 
for quinine salts and prescribe tests with which 
the salts must conform. The principal iinpurities 
to be dealt wdth are cinchonidine and hydro- 
quinine. The latter is not of practical import¬ 
ance as it is now well established that hydro¬ 
quinine is at least as efi'ective in the treatment of 
malaria as quinine, and as it is more costly 
it is not likely to occur in quinine in abnormal 
quantities. Much labour has been expended in 
devising methods for the detection of other 
alkaloids, and particularly cinchonidine, in 
quinine sulphate. 

Kerner's Test .—Many of these tests are of 
little more than historical interest and most 
pharmacopooias now rely upon either Kerner’s 
test or a polarimetric test to ensure the absence 
of an undue proportion of cinchonidine. Kerner’s 
test (Z. anal. Chem. 1862,1, 150 ; Arch. Pharra. 
1878, 14, 438 ; 1887, 25, 712, 749) depends upon 
the fact that quinine sulphate is tlic least soluble 
of the sulphates of the cinchona bases ; and that 
quinine is the most soluble of the common 
cinchona bases in dilute ammonia. When 2 g. 
of pure quinine sulphate is shaken with 20 c.c. 
of water at 60° for some time, and then cooled 
to 15° for at least half an hour, to prevent super- 
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saturation, it gives a filtrate which precipitates 
with aqueous ammonia (sp.gr. 0-959), the pre¬ 
cipitate just redisBolving when 4-3 c.c. of dilute 
ammonia solution have been added. Quinine 
sulphate containing any of the other cinchona 
sulphates, when treated in this manner, requires 
more ammonia to give a clear solution ; and by 
this means some idea of the purity of the 
quinine sulphate is obtained. The details of 
the test as prescribed in different pharma- 
copad as vary considerably^ and there has 
been much discussion as to the best form. 
Quinine sulphate containing about 5% of 
cinchonidine and hydroquiniiie sulphates will 
require between 6 and 7 c.c. of ammonia, while 
one containing about 10% of these impurities 
will require about 10 c-.c. Points to be noticed 
in applying the test are that the weights of 
quinine sulphate and water taken do not, 
within reasonable limits, affect the result ; the 
solution should be cooled gradually to 15”, but 
not below, and retained at that temperature for 
not less than 30 minutes; the filtration should 
be rapid and the mixing carefully done by gently 
rotating and tilting the testing tube, otherwise 
clotting of the precipitate may take place and a 
false result be obtained. This test is greatly 
influenced by the presence of free quinine, when { 
the result may be much in exeesa of that required 
for a neutral sulphate of the same degree of 
purity (1). Howard, Pharm, J. 1890, [iv], 3, 
605) ; and also by the presence of alkaline 
sulphates, which make it appear purer than it is 
(Tutin, Pharm. J. 1909, [iv], 29, 606). These 
points should be ascertained by testing the 
filtrate for neutrality with litmus paper, and 
by evaporating 5 c.c. to dryness and constant 
weight when the residue should not weigh more 
than 0-008 g., showing the absence of soluble 
inorganic salts (Uiginclli, Monit. IScient. 1908, 22, 
175). Should the cooling of the mixture bo 
carried out above 16° a larger amount of 
ammonia will be required, and between 15° and 
20° a correction of 0-5 c.c. of ammonia for each 
degree above 15° may bo applied. 

The following is the form of this test adopted 
in the “ British Pharmacopoeia,” 1932. 1 g. of 
quinine sulphate, which has been dried at 50” 
for 2 hours, is boiled with 30 c.c. of water for 
1 or 2 minutes under reflux in a 100 c.c. 
resistance-glass flask. The flask is cooled to 15° 
by means of water at 15°, then corked, shaken 
vigorously, and kept at 16° for 30 minutes with 
frequent shaking. The contents are filtered 
rapidly through a filter-paper 8 to 10 cm. in 
diameter. 5 c.c. of the clear filtrate are trans¬ 
ferred to a test-tube ; to this are added all at 
once 6-5 c.c. of a solution of ammonia, which 
must contain not less than 10% (w/w) and 
not more than 10-2% (w/w) of ammonia, and 
have a temperature of 15°. The contents of the 
tube are then mixed gently without shaking. 
A clear liquid should be produced at 15°. 

The “United States Pharmacopoeia ” (11th 
Rev., 1936) prescribes the following form : 
Shake 1-8 g. of quinine sulphate, which must be 
neutral or faintly alkaline to litmus paper and 
have been dried at 50° for 2 hours, with 20 c.c. 
of distilled water at 65° for 30 minutes, cool to 
15° and set aside at this temperature for 2 hours 


with occasional shaking. Then filter through a 
filter-paper of 8 to 10 cm. diameter and transfer 
5 c.c. of the clear filtrate at 15° to a test-tube 
and mix it gently (without shaking) with 6 c.c. 
of ammonia test solution containing not less 
than 10% and not more than 10-2% of ammonia ; 
the ammonia solution must also have a tempera¬ 
ture of 15° and be addt-d all at once; a clear 
liquid should be prodiu'cd. 

Kemer's test is designed for use with quinine 
sulphate and in order to apply it to any other 
salt of quinine, that salt must be converted into 
neutral quinine sulphate without change in the 
composition of the base. Until recently the 
methods of achieving this conversion left much 
to be desired. The much-improved method 
adopted in the “ British PharmacojxxMa,” 1932, 
may be summarised as follows, using the case of 
quinine hydrochloride, B-HCI, 2 H 20 , as an 
example. 

Quinine hydrochloride (1-2 g.) is dissolved in 
water (50 c.c.) containing dilute sulphuric acid 
(5 c.(;.). Dilute ammonia solution (5 c.c.) is 
added and the mixture extracted successively 
with 30 and 20 c.c. of (-hloroform. Each 
chloroform solution is shaken twice with water, 
using 10 c.c. each time, and using the same water 
for both lots of chloroform. 'The mix('d chloro¬ 
form solutions are at once evax)orated (piickly 
on a water-bath, most, but not all, of the chloro¬ 
form being removed. The last traces of chloro¬ 
form are removed by dissolving the rc'sidue in 
3 or 4 c.c. of absolute alcohol and again evaioorat- 
ing quickly on a water-bath, with the help 
of a current of air, until a white opaque residue 
is obtained. This is dissolved in 20 c.c. of 
alcohol, 20 c.c. of water added, and 1 c.c. of a 
0-02% (w/v) solution of methyl red in alcohol 
(90%). The solution is heated to 75° and at 
that tcmx)erature A^/5-Hulj)huric acid is care¬ 
fully added, until the colour matches that of a 
solution at 20° j)repared by mixing 56 c.c. of the 
“British Pharmacioixnia” solution of 5-44 
with 1 c.c. of a 0-02 solution (w/v) of methyl 
red in alcohol (90%). In this neutralisation 
process only acid must be used and any necessity 
for the addition of alkali must be avoided. The 
neutral liquid is then evaporated to dr 3 mess in 
a poretdain or resistance-glass dish on a water- 
bath, and the dry residue powdered and used 
for the Kemer test as described above. 

In the “ United States Pharmacopoeia ” 
(11th Rev.) the mode of application of the 
Kemer test to quinine base and salts, other than 
the sulphate, is varied. Quinine base is 
neutralised to sulphate by dissolving 1-5 g. of 
the base dried at 100° in alcohol (25 c.c.) and 
hot water (50 c.c.), adding enough A-sulphuric 
acid (about 6 c.c.) to make the solution acid, 
and then titrating back to neutrality with 
A-sodium hydroxide, using methyl red as 
indicator. For the acid sulphate 2-62 g. of the 
salt B-H 2 S 04 , 7 H 20 is neutralised to methyl 
red with A-sodium hydroxide solution. With 
quinine dihydrochloride, the base is recovered 
from 1-8 g. of the salt B-2HCI, and converted 
to sulphate as described above for quinine base. 
For quinine and urea hydrochloride quinine, 
base is also recovered from 3 g. of the substance 

C2oH240aN2HCI,CO(NH2)2HCl,5HaO 
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and 1 *5 g. of the dried recovered base neutralised 
as described above for quinine base. The 
neutral aqueous-alcoholic solutions of quinine 
sulphate with some sodium sulphate produced 
in the foregoing processes are evaporateri to 
dryness and the powdered dry residue used 
for the Kerner teat as described for quinine 
sulphate. 

The pharmacopocial standards for quinine 
salts vary considerably, as indicated by the 
different amounts of ammonia solution allowed 
for the production of a clear solution : G-5 c.c. 
in the “British Pharmacopccia” (1932), 6-0 in 
the “ United States Bharmacopcjoia (XI, 1936), 
4 0 c.c. in the “ German Pharmacopteia ” 
(VI, 1920), and 4-5 c.c. in the “ Dutch Pharma* 
copoua (V, 1926). The last-mentioned 

jdiarmacopccia accepts the Kerner test for 
(piininc sulphatci, but the general method for 
quinine base and salts is a polarimetrio test, | 


based on the allowed optical rotation, —17-7° 
to —18-0° for a di-railligram-molooule of an 
hydrous quinine base in a calculated equivalent 
of a mixture of sulphuric and hydrochloric acids, 
the solution being diluted to 20 (i.c. with water 
and road in a 2 dcm. tube. Tluis, in the case of 
quinine sulphate 782 mg., i.e. a molecular weight 
in mg. of the salt 

(C2oH2,02N2)2H2SO„2H20 

equivalent to 746 mg. of anhydrous quinine 
sulphate, (C2oH2402N2)2‘H2S04, or to 648 mg. 
of anhydrous quinine base, is dissolved in water 
with the aid of 0*5 c.c. of 4iV-8ulphuric acid and 
0*5 c.c. of 4iV-hydrochloric acid and the solution 
made up to 20 c.c. and the optical rotation 
observed in a 2 dcm. tube. The equivalents of 
salt and acid used in this and some other cases 
are given in the following table : 


i 


riiariii.'K^oixrial substance and 
fornuila. 


Quinine base, ^20^24^2^2 
Quinine hydrochloride, 
C2oH2402N2HCI,2H20. 
Quinine sulphate, 

(C2oH2402N2)2*H2S04,8H20. 

Quinine acid sulphate. 


E(iuivalent wt. for 048 nig. 

Acid to be added. 

Optical rotation in 

of anhydrouH base. 

4A'-HCI 

4 .V-H 2 SO 4 

a 2 d(‘-ni. tube. 


0-5 c.c. 

1 c.c. 


0-7208 g. of anhydrous 

— 

1 c.c. 

-17-7" to-] 8-0° 

salt 



at 20°. This 

0-782 g. of salt dried at 

0-5 c.c. 

0-5 c.c. 

value must be 

50°-60® 



lowered by 

0-844 g. of anhydrous salt 

0-5 c.c. 

! 

0-023° for each 
' degree of tem¬ 

perature above 
20". 


IJydroquinina has until recently been tested 
for by dissolving the quinine sulphate in dilute 
sulphuric acid, cooling to 0° and adding a 4% 
aqueous solution of potassium permanganate so 
long as rapid decolorisation takes place. 
The solution is then warmed, manganese dioxide 
filtered out, washed, and the filtrate and 
washings made alkaline and the liberated 
hydroquininc extracted with ether, the solvent 
distilled off, and the residue dried to constant 
weight. Processes less open to obvious objection 
are catalytic hydrogenation in an apparatus 
arranged for quantitative work, such as that 
described by Paget and Solomon (J.C.S. 1932, 
1198) and used by Buttle, Henry and Trevan 
for the estimation of hydro-bases in com¬ 
mercial cinchona alkaloids (Biochem. J. 1934, 
28, 426) or the mercuration process of Thron 
and Dirscherl (Annalen, 1935, 515, 252), which 
depends upon the fact that each of the four 
primary cinchona alkaloids, in virtue of the 
presence of a vinyl group in the molecule can 
combine with a molecule of mercuric acetate, 
while the hydro-bases in which the vinyl group 
has been reduced to an ethyl group cannot be I 
mercurated in this fashion. The process is 
carried out as follows : 1 g. of the base (or an 
equivalent quantity of a salt) dissolved in 6 g. 
of 10% sulphuric acid is treated with 14 g. of 
a 10% solution of mercuric acetate in 5% 
acetic acid, and the mixture warmed for 4 hours 
at 40® to 50®. When cold, 10 g. of ammonia 
solution (sp.gr. 0‘90) are added and the liberated 


hydro-base extracted with etiior; usually 20, 
10, and 10 c.c. in succesvsive portions are 
sufficient. The combined ether extracts are 
washed with water, the solvent tlistilk'd off, 
and the residue of hydro-base dried at 105” and 
weighed. The alkaline mother-liquor is acidified 
with sulphuric acid, 0-5 g. of phosphorous acid 
added, and the solution heated to boiling for a 
short time. The clear liquor is then decanted 
from the mercury formed, the latter washed 
with water, and the mixed liquor and washings 
made alkaline with ammonia and the quinine 
extracted with ether. 

(r) Examination of Other Commercial 
Cinchona Alkaloids.—Apart from quinine the 
only cinchona alkaloid of therapeutical import¬ 
ance is quinidine, of wfiiich the sulphate is included 
in the British and United States “ Pharma¬ 
copoeias.’* In addition to qualitative tests, 
e.g. the thalleioquin reaction, both pharma¬ 
copoeias require that (a) 1 g. of the salt shall bo 
soluble in 5 c.c. of a warm mixture of chloroform 
(2 vols.) with absolute alcohol (1 vol.), and 
(6) that when 0-5 g. of the salt in 15 c.c. of boiling 
distilled water is mixed with 0-5 g. of neutral 
potassium iodide in 5 c.c. of distilled water, 
the mixture being then cooled to 15° and kept at 
that temperature for 1 hour with frequent 
agitation, the filtrate on addition of 2 drops of 
dilute solution of ammonia does not become 
turbid within 1 minute. 

The four primary cinchona alkaloids are 
divisible into a Isevorotatory pair, quinine and 



136 


CINCHONA ALKALOIDS. 


cinchonidine, and a dextro-rotatory pair, 
qiiinidino and cinchonine. In commercial 
specimens the two components of each pair 
usually contaminate each other, but not the 
components of tlie other pair. Each of the four 
alkaloids is usually accompanied by its hydro 
base, and in cinchonine the amount of hydro¬ 
cinchonine may be as much as 14% and in 
quinidine up to 20%. 

The author has not been able to find in the 
literature any satisfactory systematic method 
for the examination of commercial samples of 
quinidine, cinchonine and cinchonidine, but 
suggests that, bearing in mind the facts quoted 
above, it should be easy to evolve such a 
method when required, c.g. in (1) cinchonidine, 
the probable impurities are (2) quinine, (3) 
hydroquinine, and (4) hydrocinchonidine. The 
vinyl bases (1) and (2) can be separated quantita¬ 
tively from the hydro-bases (3) and (4) by Thron 
and Dirscherl’s mercuration process {me above), 
and a methoxyl determination in (1)4-(2), and 
(3)4-(4) thus recovered will give the amount of 
quinine and hydroquinine j)reHent respectively, 
or the amount of each component in each mix¬ 
ture may be arrived at by a polarimetric 
estimation. The author has found it con¬ 
venient in dealing with mixtures of cinchona 
alkaloids to determine the rotation for aJli/40 
solution of the base in A/10 sulphuric acid. The 
specific rotations for carefully purified specimens 
of the eight principal cinchona alkaloids under 
these conditions are as follows (Buttle, Henry, 
and Trevan, l.c.) : 


Quinine .... ~284*5° 
Hydroquinine . . —235*7° 

Cinchonidine . . —178*0° 

Hydrocinchonidine . —144*6° 
Quinidine . . . -j- 334*2° 

Hydroquinidine . 299*0° 

Cinchonine . . . +263*7° 

Hydrocinchonine . 225*8° 


The figures are for anhydrous base in each 
case, but the equivalent of air-dry base is w eighed 
out for the determination. 

4. Geneeal Properties of the Cinchona 
Alkaloids. —The eight principal cincliona 
alkaloids above mentioned {i.e. cinchonine, 
quinine, their stereoisomerides and dihydro- 
dcrivatives) are w^hite, odourless but intensely 
bitter, high-melting, crystalline solids. The 
bases are almost insoluble in water or aqueous 
solutions of salts and alkalis, but dissolve, in 
general, in dilute mineral acids and in a variety 
of organic solvents. 

The four alkaloids which contain a methoxyl 
group (quinine, etc.), dissolved in much dilute 
sulphuric, nitric, or other oxy-acid, exhibit a 
blue fluorescence, which is particularly intense 
when viewed in ultra-violet light and allows of 
the detection of minute amounts of quinine {see, 
e.g. Canals and Peyrot, Compt. rend. 1934, 198, 
746). Solutions in the halogen hydracids are 
not fluorescent ; the addition of such an acid 
to a solution of quinine in an oxy-acid weakens, 
and may even destroy, its fluorescence. For a 
qualitative connection between the appearance of 
fluorescence and the chemical constitution of the 
alkaloids and their derivatives see Rabe and 


Marschall (Annalen, 1911, 382, 360). A spectro- 
graphio method of determining cinchona alka¬ 
loids has been proposed by van Arkel and van 
der Wielen (Pharm. Weekbl. 1935, 72, 1198; 
1937,74,1514). 

The cinchona alkaloids respond to tests with 
the usual alkaloidal reagents and precij)itants {see 
Alkaloids). Characteristic of the methoxylated 
alkaloids are the thalle.ioquin and erythroquin 
reactions. The former (Brandes, Andn'i) is carried 
out as follows: to an aqueous solution of, for 
example, a quinine salt, or to quinine dissolved in 
dilute acetic acid, is added a slight excess of 
chlorine or bromine water or a solution of 
bleaching powder, followed by an excess of 
ammonia giving rise to an emerald-green 
coloration or precipitate, depending on the 
amount of quinine present. The reaction is 
said to be weakened or inhibited by caffeine, 
antipyrino and other substances. The erythro- 
(piin reaction (Vogel, Abensoiir) is carried out 
in a similar fashion, exciept that before adding 
the ammonia, a drop of 10% })ota8sium ferro- 
or ferri-cyanide is added ; the coloration 
produced is red : this reaction is said to Ixi even 
more delicate than the thalleioquin test. The 
most delicate test however is that aiforded by 
the fluorescence already mentioned. 

The cinchona alkaloids are strongly optically 
active. They fall into two groups of four, the 
dextro- and hevo-rotatory series respectively. 
IV) the former belong cinchonine, quinidine, and 
their dihydro-derivatives ; ciinchonidine, quin¬ 
ine, hydrocinchonidine, and hydroquinine are 
Isevorotatory. In general, the rotations of the 
bases in alcohol are of the same order of magni¬ 
tude as those of the neutral salts (B*HA) in 
W'ater. The rotations of the salts, however, 
progressively increase in arithmetic value with 
addition of acid. A maximum is reached at 
about the stage at which the amount of acid 
added suffices to convert the neutral salt into 
the acid salt (B-2HA); wdth further additions 
of acid the rotation slowly falls. This charac¬ 
teristic behaviour was first observed by Hesse 
(Annalen, 1873, 166, 217. See also Oudemans, 
ibid. 1876, 182, 33 ; 1879, 197, 48 ; 1881, 209, 
38; Rec. trav. chim. 1882, 1, 18; Liquier, 
Compt. rend. 1926, 183, 195; Dietzel ancl 
Sollner, Arch. Pharm. 1930, 268, 629; Lapp, 
Compt. rend. 1932, 195, 243 ; Bull. Soc. chim. 
1935 [v], 2, 1407 ; Emde, Helv. Chim. Acta, 1932, 
15, 559; Ludwiczakowna and Suszko, Bull. 
Acad. Polonaise, A. 1934, 402). 

The cinchona alkaloids are strong diacidic 
bases, which form two series of salts, viz. neutral 
salts B-HA (called “basic” salts in France), 
and acid salts B-2HA (in France “neutral” 
salts). B-4HA is also occasionally met with. 
The neutral salts are neutral or faintly alkaline 
to litmus ; the acid salts are acid to litmus but 
neutral to methyl orange or Congo red. These 
are, in general, colourless, crystalline solids, 
which tend to become discoloured on exposure 
to light. It has been claimed that exposure of 
cinchona alkaloid salts in aqueous solution to 
direct sunlight gives rise to the cinchonatoxines 
{see p. 142), the solutions becoming in the course 
of time yellow or even browm in colour. 

The alkaloids are not very stable. The toxines 
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just mentioned, formed when the acid sulphates 
or tartrates are heated to melting, result also 
on so mild a treatment as boiling in dilute 
acetic acid solution, which, indeed, is more 
certain of its effect than the use of mineral 
acids. With more concentrated mineral acids 
the unsaturated alkaloids undergo complex 
isomerisation and transformation {t'ee Section 
p. 149). 

In temperate climates the cinchona alkaloids 
are used mainly as bitter tonics and anti¬ 
pyretics, but the great bulk of the quinine 
manufactured is used in tropical countries as a 
specific for the treatment of malaria. In 
common with the other cinchona alkaloids it 
exerts a direct toxic action chiefly on the 
asexual forms {schizonts) of the malarial parasite. 
These substances, therefore, provide an example 
of chemotherapeutic action, discovered and 
applied long before the principles upon which 
ch(imotherapeutic investigations as now con¬ 
ducted were laid down by Ehrlich. For over 
300 years, at first in the form of cinchona bark 
or its galeni(‘al preparations, and in the last 
century as the alkaloids or their proximate 
derivatives, cinchona has been the sole remedy 
available against malaria. 

As knowledge of the etiology of this disease 
increased it became evident that these alkaloids 
are not complete remedies and, in particular, 
it was realised that they were relatively ineffec¬ 
tive against the sexual forms {garnet(jc/ytes) of 
the malarial parasite. Within the last decade 
it has been found that complementary drugs 
exerting gametocidal action can bo synthesised, 
of which 8-(a>-dieihylamino-Kvoarayl)araino-6- 
methoxyquinoline {jAasinoqume) is the best 
known example. This substance resulted from 
the joint chemical and biological investigations 
of Schulemann, Schonhbfer and Wingler 
(Klin. Woch. 1932, 11, p. 381) with Roehl 
(Arch. kSehiff's. Trop. Hyg. 1926, 30, Beiheft 3, 
p. 11 ; 1927, 81, Beiheft 1, p. 48). An 
interesting development of this w'ork was 
achieved by Mictzsch and Mauss (Klin. Woch. 
1933, 12, 1276; Angew. Chem. 1934, 47, 633), 
who in conjunction wuth Kikuth (Deut. med. 
Woch. 1932, 58, 530) found that the same side- 
chain, insertt'd in position 5 in 8-chloro-3- 
methoxyacridine, 7 )roduced the drug now known 
as “atebrinc,” which like quinine is schizonticidal 
in action. These successes have led to great 
activity in this type of investigation, not only 
in Germany but in this country, France, Russia 
and elsewhere. There are numerous other 
minor applications of the cinchona alkaloids in 
medicine, e.g. the use of quinine-urethane as a 
sclerosing agent, of quinine-urea as a local 
anapsthetic, and of quinidine in the treatment of 
auricular fibrillation. Quinine and certain of its 
derivatives, such as the Morgenroth com¬ 
pounds referred to later, are powerful bacteri¬ 
cidal agents, and though the high expectations at 
first based on these results have not materialised 
in practice, hope has not yet been given up that 
it may bo possible to develop practicable, 
pneumococcicidal agents with one or other of the 
cinchona alkaloids as a starting-point and 
work on these fines is being intensively pursued, 
©specially in Japan and the United States. 


5. Constitution of the Cinchona Alka¬ 
loids.—( a) Structure. The principal alkaloids 
of this groujj have been shown to have the 
following structure: 
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in which R may bo hydrogen or mothoxyl, 
and R' may be vinyl (CHg^CH - ) or ethyl. 
The eight commonest natunilly occurring 
alkaloids comi)rise four structurally identical 
stereoi8omeri('- pairs. 

(1) Cinchonine and cinchonidinc, 

C10H22ON2 (R is H-; R' is CHg CH-). 

(2) Hydrocinchonine and hydrocinchonidine, 

0,9^240^2 (R R' isCH3-CH2-). 

(3) Quinine and quinidine, 

Cj„H2,OjNj(R isCHgO-; R'is CH^^CH-). 

(4) Hydroquinine and hydroquinidine, 

^ 20 ^ 26 ^ 2^2 (R CHgO - ; 

R'is CH3-CH2-). 

To this fiat may be added three other alkaloids 
belonging to the same chtunical group. These 
have a phenolic character, and luive not a 
methoxyl but a hydroxyl group in position 6 
of the quinoline nucleus. Cupreine, 

C19H22O2N2 (R HO- ; R' CH2 XH-), 

was discovered in cuprea bark derived from 
Bemijia pedunculata (Raul and Cownley, 
Pharra. J. 1881, 12, 497; 1884, 15, 221, 40i ; 
Hesse, Ber. 1882, 15, 854; Annalen, 1884, 225, 
95), but is now unobtainable. It is the phenol 
corresponding to quinine, for it yields the latter 
on methylation (Grimaux and Arnaud, Compt. 
rend. 1891, 112, 774). The other two, hydro- 
cupreine and hydrocuprcidinc, 

C19H24O2N2 (R = HO- ; R' CHj-CH^-), 
are not known to occur naturally, but can be 
obtained by the demethylation with mineral 
acids of hydroquinino and hydroquinidine 
respectively, or, in the case of the former, by the 
catalytic hydrogenation of cupreine (Giemsa 
and Halberkann, Ber. 1918, 51 1325). The 
phenol corresponding to quinidine, which would 
systematically receive the name cupreidine, is 
unknown, although Ludwiczakdwna, Suszko, 
and Zwierzchowski (Rec. trav. chira. 1933, 62, 
847) claim to have isolated it from the products 
obtained by the treatment of quinidine with 
sulphuric acid ; their contention, however, has 
been convincingly refuted (Henry and Solomon, 
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J.C.S. 1934,1923 ; Tliron and Dirscherl, Annalen 
1935, 615, 252). 

The above structural formula has not been 
fully elaborated for each alkaloid separately 
and follows mainly perhaps from work on 
cinchonine. 'The evidence for the skeletal 
structure of the other members of the group 
proceeds in part from the identity or simple 
mutual relation of various degradation products; 
thus, for instance, cinchonine and cinchonidine 
give rise to identical products, however they are 
attacked [e,g. on oxidation there are formed 
cinchoninic acid (quinoline-4-carboxylic acid) 
and cincholoiponic acid (3-carboxypiperidine-4- 
acetic acid)]; the same applies, on the other 
hand, to (juinine and qiiinidine, except that these 
give rise not to cinchoninic acid itself but to 
its 6-mothoxy derivative, quininic acid. 8ome 
evidence for the structure of certain of the 
alkaloids other than cinchonine arises also from 
the possibility of inter-conversion among them; 
this, however, is very limited. Thus, all the 
hydro-alkaloids (R' = CHg—CHg— ) are obtain¬ 
able from the corresponding vinyl bases by 
catalytic hydrogenation. Again, cinchonidine 
was obtained by Koenigs and Husmann (Bor. 
1896, 29, 2185) from cinchonine by the action 
of amyl alcoholic potassium hydroxide, and this 
kind of interconversion was iater extended by 
Kabe and his pupils (Annalen, 1932, 492, 242) 
to the whole series. Finally, in evidence of the 
identical structure in pairs (as paired in the 
above list) of the cinchona alkaloids, may be 
mentioned the fact that each such pair gives 
rise to three transformation products, the 
identity of which is the same whichever member 
of the pair forms the source. These three 
products are, moreover, either actually isomeric 
with the parent alkaloids, or, at all events, have 
the full skeletal structure of the parent alkaloids 
preserved intact. They are (^ee below) the 
“-icines” (toxines) of Pasteur and of von Miller 
and Bolide, the anhydro-bases (cinchene, quinene) 
of Comstock and Koenigs, and the ketones 
(cinchoninone, quininone) of B-abe. Thus, 
cinchonine and cinchonidine give rise to one 
and the same cinchonicine (cinchotoxine); to 
one and the same cinchene, which only differs 
from the parent bases by the elements of water; 
and to one and the same cinchoninone, differing 
from the parent bases by two hydrogen atoms. 

The evidence for the above structural formula 
is in brief as follows. 

Both nitrogen atoms in the molecule are 
tertiary and capable of salt formation. Thus 
not only are both neutral and acid salts known, 
such as B HCI, B 2 H 2 SO 4 , and B-2HCI, 
B-HgSO^, but also mixed acid salts of the type 
B 2 - 2 HCI-H 2 S 04 (Grimaux, Compt. rend. 1892, 
115, 608). 

The alkaloids combine with one and with two 
molecules of an alkyl halide, forming mono- 
and dialkylhalides, which have the characteristic 
properties of (juatemary ammonium salts. The 
nitrogen atom in the quinuclidino half of the 
molecule is more strongly basic than that in the 
quinoline half and is the one involved in neutral 
salt formation ; it is at the quinuchdine nitro¬ 
gen atom also that the alkyl and halogen groups 
are added in the ordinary monoalkylhalides. 


Thus Claus and Weller (Ber. 1881, 14, 1921) 
showed that cinchonidine etho bromide was 
oxidised to cinchoninic acid (quinolme-4- 
carboxylic acid) and not to its cthobroraido. 
Skraup and von Norwall (Monatsh. 1894,15, 37) 
l)repared a scries of yellow ethiodidcs isomeric 
with the ordinary white ethiodides by treating 
not the free bases but the neutral hydriodides 
with ethyl iodide ; both forms furnished one and 
the same diethiodide when treated with a 
further molecule of ethyl iodide. Skraup later 
(ibid. p. 433) oxidisesd the yellow form of 
cinchonine ethiodide and obtained the ethiodide 
of cinchoninic acid, thus showing that in 
cinchonine hydriodide it is the quinuclidino basic 
centre which is satisfied. Similarly, Claus and 
Mallmann (Ber. 1881, 14, 76) found that the 
treatment of quinine methiodide with ethyl 
iodide gave rise to a different product from 
that obtained by tlie action of methyl iodide on 
quinine ethiodide. The two “ etbmethiodidea ” 
were isomeric (rf. Claus, Annalen, 1892, 269, 
232 ; and Konek, Chem. Zentr. 1936, ii, 1352; 
1937, i, 1694 ; 1938, i, 75). 

That one of the two oxygen atoms in quinine 
and quinidine is a member of a methoxyl group 
follows partly from the fact that these alkaloids 
can bo demethylated (e.g. by heating with 
hydrochloric acid ); there are then Ibrmod 
phenoho bases and methyl chloride (see, e.g., 
Hesse, Annalen, 1880, 205, 314). The other 
evidence for the presence of a methoxyl group, 
evidence, moreover, which serves to indicate 
the position of this group in the molecule, 
arises from the fact that in those degradation 
experiments (such as oxidation) in which 
cinchonine and cinchonidine give rise to 
simple quinoline derivatives (such as cinchoninic 
acid), quinine and quinidine furnish the corre¬ 
sponding 6-methoxyquinoline derivatives. Thus 
Skraup (Monatsh. 1881,2, 587) found that quinine 
on oxidation with chromic acid gave rise to 
quininic acid (6-methoxyqumolinecarboxylic 
acid), and that this, on more vigorous oxidation 
with the same reagent, was degraded to the 
same pyridinetriear boxy lie acid which could 
be obtained in hko manner from ein(honinic 
acid, the oxidation product of cinchonine : 



Cinchoninic acid. Quininic acid. 






The constitution of the latter acid being known 
(see Skraup, Annalen, 1880, 201, 291), it followed 
that the methoxyl group in quininic acid was 
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contained in the benzene and not in the pyridine 
nucleus. He further showed (Monatsh. 1883, 4, 
695) that quininic acid could be demethylated by 
means of hydrochloric acid to the corresponding 
phenolic acid, to which he gave the name 
xanthoquininic acid, and that this, on decarboxy¬ 
lation, gave rise to the known 6 -(or p-)hydroxy- 
quinoline. There is, therefore, in quininic acid 
(as well as in quinine and quinidinc) a methoxyl 
group in the O-position of the quinoline nucleus, 
which is absent in the cases of cinchoninic acid, 
cinchonine, and cinchonidine. 

The second oxygen atom in quinine and 
quinidine, or the sole oxygen atom in cinchonine 
and cinchonidine, belongs to a hydroxyl group. 
This was first shown by Schiitzonberger (Cornpt. 
rend. 1858, 47, 233), who prepared the acetyl 
and benzoyl derivatives of cinchonine and of 
quinine. Hesse (Annalen, 1880, 205, 314) has 
prepared the acetyl derivatives of all the four 
alkaloids. The demonstration, however, only 
acciuires strict cogency when taken in conjunction 
with the later proof that these bases are di- 
tertiary {see above). Independent of this 

proof, however, is the evidence adduced by 
Koenigs (Her. 1880, 13, 285), who treated cin¬ 
chonine hydrochloride with a mixture of 
phosphorus penta- and oxy- chloride and 
obtained a product, Ci^HgiNCI, cinchonine 

chloride, in which the hydroxyl group had been 
r(‘p]aeed by chlorine. The nature of the 
hydroxyl group was elucidated by Kabe and 
his collaborators (Her. 1907, 40, 3655; 1908, 
41, 62, 872; Annalen, 1909, 364, 330), who 
made the discovery that on very gentle oxidation 
w ith (‘hromic acid cinchonine lost two hydrogen 
atoms and was converted into the corresponding 
ketone, cinchoninonc, being otherwise un¬ 
changed. Cinchoninono formed an oxime, and 

cinchonine could be recovered again from its 
reduction products: 



CO-HC CHaCHj 

HgC CHgCH—R' 


Cinchoninonc (R = H; R' »= vinyl). 

The cinchona alkaloids, therefore, contain a 
secondary alcoholic grouping, —CH(OH)--; 
its position in the molecule will be made clear 
in the sequel. 

The existence of an unsaturated side-chain 
{i.e. of the vinyl group) in cinchonine, quinine, 
and their stereoisomerides is revealed by 
their behaviour with the halogens, the halogen 
hydracids, and with potassium permanganate. 
Laurent (Compt. rend. 1845, 20, 1587; Ann. 
Chim. 1848, (iii), 24, 302) first studied the action 
of chlorine and bromine on cinchonine. Direct 
addition of two atoms of the halogen occurs, 
cinchonine dichloride and dibromide being 
formed. Comstock and Koenigs (Ber. 1884, 


17, 995 ; 1886, 19, 2853; 1892, 25, 1539) have 
also prepared these dihalogen addition com¬ 
pounds, as well as quinine dibromide, and made 
a detailed study of them. On treatment with 
alcoholic potash the dibrornides lose two 
molecules of hydrogen bromide, dehydrocin- 
j chonine, CjoHgpONg, and dehydroquinine, 
C 20 H 22 O 2 N 2 , being formed. These latter sub¬ 
stances contain an acetylenic linkage in place of 
the double bond of the parent bases (R'^ 
CH=C-) (Koenigs, Ber. 1895, 28, 1986). 
With the halogen hydracids, also, simple 
addition takes place, the side-chain R' presum¬ 
ably becoming CHg—CH(Hal)—. This can¬ 
not, however, as yet be considered as having 
been quite firmly established. 

Zorn (J. pr. Chcra. 1873, 8 , 279), influenced 
by the contemjiorary researches of Matthiessen 
and Wright on narcotino and other opium 
alkaloids, was first led to study the ac;tion of 
strong hydrochloric acid on cinchonine and 
quinine {sec also Hesse, Annalen, 1874, 174, 
340; 1880, 205, 314). Skraup (Annalen, 1880, 
201, 324) first treated cinchonine with hydro- 
bromic acid, and Lippmanii and Fleissncr 
(Monatsh. 1891, 12, 327) heated quinine with 
hydriodic acid. In all these cases substances of 
the general type HBHal,2HHal (where B 
stands for the original vinyl alkaloid) were 
formed, except that the mothoxylated alkaloids 
{e.fj. quinine) were simultaneously demethylated. 
Comstock and Koenigs (Ber. 1887, 20, 2510) 
showed that the reaction proceeded not only 
on heating but also at room temperature, and 
obtained in this way not only the ordinary 
chloro- and bromohydrocinchonine but also 
chloro- and bromohydroquinine, which still 
contain the methoxyl group. A copious litera¬ 
ture has accumulated dealing w ith this reacdlon. 

The formation of halogen clerivatives, whether 
by the addition of the free elements or by treat¬ 
ment with the hydracids, indic'atcs only the 
presence in the molecule of an unsaturated 
centre. The existence of a side-chain, and the 
fact that the double bond is contained therein, 
is shown by the behaviour of the vinyl-alkaloids 
with potassium permanganate. Whereas the 
hydro-alkaloids react but slowly or not at all 
(it is this property which led to their discovery 
and isolation), the unsaturated alkaloids in¬ 
stantly decolourise a dilute, ice-cold, acid 
solution of this reagent. Kerner first studied 
the behaviour of quinine (Zeit. f. Chemie, 
1869, 5, 593) and found that formic acid w^as 
produced together with a substance which he 
called quitenine, CJ 9 H 22 O 4 N 2 {see also Skraup, 
Annalen, 1879, 199, 348). Similarly, WiUni 
I and Caventou (Annalen, 1870, Suppl. VII, 249), 
Hesse (Annalen, 1875, 176, 232), and Skraup 
{ibid. 1879, 197, 376) obtained cinchotenine, 
^18^2 o 03N2> from cinchonine, Skraup and 
Vortmann {ibid. jj. 235) obtained cinchotenidine 
from cinchonidine, and Forst and Boehringer 
(Ber. 1882, 15, 1659) oxidised quinidine to 
quitenidine. These “ tenines ” result by the 
loss of one carbon atom as formic acid; they 
are, unlike the parent alkaloids, saturated 
substances which, for example, do not react 
with hydriodic acid ; they are tertiary bases 
and still contain a hydroxyl group; and finally 
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they are carboxylic acids which form salts 
and esters. These results were summarised 
by Skraup (Ber. 1895, 28, 12 ), who justifiably 
drew the conclusion that the unsaturated 
cinchona alkaloids contain a vinyl group, and 
that the “ tcnines ” are the otherwise unchanged 
carboxylic acids (R' -- —COOH). 

Evidence to the same effect has been obtained 
by Seekles (Kec. trav. chini. 1023, 42, 69); 
under the iniluenco of ozone tlie cinchona 
alkaloids form ozonidcs, which on hydrolysis give 
rise to aldehydes (R'— — CHO), correspond¬ 
ing to the “ tenirjes.” Seekles gave these the 
termination -al; thus cinchoninal, CjgHgoOoNg, 
and quininal, C 59 H 22 O 3 N 2 . The position of the 
vinyl (or ethyl) group in the molecule will 
appear in the subsequent discussion. 

The skeleton of the molecule of the cinchona 
alkaloids naturally and historically falls into 
two portions or “ halves ”: the quinoline 
portion or the “ first half,” and the remainder of 
the molecule or the “ second half.” The 
molecule readily undergoes fission in a corre¬ 
sponding manner, there being formed on the 
one hand simple derivatives of quinoline or 
6 -methoxyquinoline, and, on the other hand, 
more complex derivatives of i)iperidine. The 
structure of the skeleton, and at the same time 
the position of the hydroxyl and vinyl (or ethyl) 
groups, was deduced from a study of such 
degradation products. 

There are, broadly, three ways in which such a 
fission can be effected. 

The first method, due mainly to Skraup, 
is by oxidation with chromic acid, when the 
“ first half ” gives rise to the quinolinccar boxy lie 
acids already mentioned, viz. cinchoninic and 
quininit! acids. They are sparingly soluble 
readily isolablo substances, and it is in their 
filtrates and mother-liquors (which when simply 
evaporated afford intractable syrups) that the 
following substances derived from the “ second 
half ” are found: meroquinene (from the 
vinyl-alkaloids), cincholoipon (from the hydro¬ 
alkaloids), and the oxidation products of these, 
cincholoiponic and loiponic acids (Skraup, 
Monatsh. 1888, 9, 783 ; 1896, 17, 365 ; Koenigs, 
Ber. 1894, 27, 1501). 
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Loiponic acid. 


Exactly the same substances result from the 
oxidation of the three sets of transformation 
products referred to above, viz. from the 
” toxines ” (Skrauji and Wiirstl, Monatsh. 
1889, 10, 220), the anhydro-bases (Comstock 
and Koenigs, Ber. 1884, 17, 1990), and from 
Babe’s ketones (Ber. 1907, 40, 3657), thus show¬ 
ing the close relationship of these substances 
to the parent alkaloids. The same applies also 
to the saturated carboxylic acids, the ” tenines ” 
(formed by oxidation of the parent vinyl 
alkaloids with potassium permanganate), except 
that in this case neither meroquinene nor cincho¬ 
loipon are formed, but only the cpiinoline- 
carboxylic acids, and cincholoiponic and 
loiponic acids ( 8 krauj), Monatsh. 1889, 10, 

42). 

The second method of fission was dis(’Overed 
by Koenigs. When the hydrochlorides of the 
cinchona alkaloids in chloroform suspension are 
treated with phosphorus pentacdiloride there are 
formed, as already mentioned, substances 
such as cinchonine chloride and quinine chloride, 
in which the original hydroxyl group is replaced 
by chlorine (Comstock and Koenigs, Ber. 1884, 
17, 1984 ; 1885, 18, 1219. For the (‘orrespond- 
ing bromides, see C. 1^’. Boehringer und Soehne, 
G.m.b.H., Babe, CohauFC, and 8 eh(‘el, G.P. 
592540 and 592541, 1934). ^I’hese chlorides, on 
treatment with alcoholic })otash, lose a molecule 
of hydrogen chloride with the production of a 
double bond. The “ anhydro-bases ” so formed 
are known as quinene, cinchene, hydroquinene 
(Giemsaand Halberkann, Ber. 1921,54, [BJ, 1194) 
and hydrocincherie, each being the identical 
product from twa) stcreoisomeric parent 
alkaloids; thus both (juinine chloride and 
quinidino chloride give rise to one and the same 
quinene. 



Quinene (R is CH3O— ; R'is CHg-CH—). 
Cinchene (R Is H—; R' is CHg-CH—). 
Hydroquinene (R Is CH3O —; R' is CHg—CHg—). 
Hydrocinchene (R is H—; R' is CHg—CHg—). 
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CHa 
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CH3 


ffTJoCinchene (R is H—). 
ff/JoQuiiienc (R is HO—^). 

When h('aled with hydrobromio acid, the 
anhydro-bases undergo an extraordinary reaction 
(Comstock and Koenigs, Ber. 1881, 14, 1854; 
1885, 18, 1226, 2379; 1887, 20, 2674). The 
so-called «pocinehene and fl;)oquinene formed 
were found to be derivatives of phenyl quinoline 
having the structure shown (see Koenigs, Ber. 
1894, 27, 900 ; J. pr. Chem. 1900, 61, 1; Kenner 
and Statham, J.C.S, 1935, 299 ; and Kenner and 
Nandi, Ber. 1936, 69, 635). The vinyl group 
seems to be essential in the mechanism of this 
transformation, for, hydrocincheno does not 
react with hydrobroraic a cid (Koenigs, Ber. 1894, 
27, 1504), and hydroquinene with hydrochloric 
acid only undergoes demethylation (Giemsa and 
Halberkann, Ber. 1921, 54, 1195). This is 
suggestive in connection with the behaviour of 
the cinchona alkaloids with mineral acids (see 
below). 

The reaction, however, does not throw much 
light on the constitution of the alkaloids. 
Much more illuminating is the treatment of the 
anhydro-bases with phosphoric acid at 170° 
(Koenigs, Ber. 1894, 27, 900), which con¬ 
stitutes the second method of fission of the 
cinchona alkaloids. Hydrolysis occurs, 2 mole¬ 
cules of water being taken up, and there are 
formed lepidine (4-methyl-quinoline) from cin¬ 
chene, and its 6-methoxy-derivative from 
quinene. The former substance, derived from 
the “ first half,” is also formed from hydro- 
cinchene (Koenigs and Hoerlin, Ber. 1894, 27 
2290). The “second half” gives rise to the 
same substances which are formed in fikraup’s 
chromic acid oxidation, viz. meroquinene from 
cinchene and quinene, and cincholoipon from 
hydrocinchene. The oxidation products of 
these, cincholoiponic and loiponic acid, are 
not formed in this reaction. 

Before proceeding to the third method of 
fission, and to the remainder of the evidence for 
the structural formula set out above, it will be 
convenient first to deal with the constitution of 
the degradation products already mentioned, 
and to summarise the conclusions which can be 
drawn. 

A full discussion of the nature of these 
substances, however, would go far beyond the 
scope of this article. It will suffice, in the case 
of the quinoline derivatives (from the “ first 
half”) to mention, as a matter of historical 
interest, that the presence of a quinoline nucleus 


[ was early recognised, for Gorhardt (1843) had 
I obtained quinoline itself (then unknown) by 
I the distillation of cinchonine with potash, and 
it was incidental to the investigation of these 
alkaloids that the constitution of this important 
heterocyclic base was studied. It was 8301 - 
thesised almost simultaneously in 1879 by 
Koenigs, by Skraup, and by Baeyer. 

In regard to the degradation products derived 
from the “ second half,” meroquinene, cincholoi¬ 
pon, cincholoiponic acid, and loiponic acid, it 
must suffice to append a bibliography of papers 
by Skraup and by Koenigs, who, almost ex¬ 
clusively, studied and elucidated the constitution 
of these substances. {Skraup’s papers are to 
bo found in Monatsch., 1888, 9, 783; 1895, 16, 
159; 1896, 17, 365 ; 1900, 21, 879 ; (with Piccoh), 
ibid. 1902, 23, 269. The relevant papers by 
Koenigs are in Ber., 1894, 27, 900, 1501 ; 1895, 
28, 1896, 3150; 1897, 30, 1326; 1902, 35, 1349; 
1904, 37, 3244; (with Bernhart), ibid. 1905, 38, 
3049. For a very full account of the chemistry 
of meroquinene, see the experimental portion of 
Koenigs’ “ chef d’oeuvre ” (Anrialen, 1906, 347, 
193); the theoretical portion of this paper 
(p. 143 et seq.) is entirely devoted to a full 
and valuable review of the then existing know¬ 
ledge of the constitution of the cinchona 
alkaloids. For a synthesis of cincholoiponic 
acid, see Wohl and Losanitsch (Ber. 1907, 40, 
4698; Wohl and Maag, ibid.^ 1909, 42, 627).] 

The molecules of cinchoninic acid (“ first 
half”) and of meroquinene (“second half”) 
account between them for all the 19 carbon 
atoms of cinchonine; further, the constitution 
of meroquinene fixes the vinyl group in a 3- 
position to the piperidine nitrogen atom; of 
the three such possible positions, two are 
structurally identical, being only steroo- 
chemically distinct, while the third, made 
improbable by the manner of formation of 
meroquinene by Skraiip’s method of oxidation, 
is impossible in the light of its formation by the 
hydrolytic process of Koenigs. Finally, seeing 
that the nitrogen atom in the “ second half ” 
of the cinchonine molecule is tertiary, while 
that of meroquinene is so(!ondary, and because 
no further carbon atoms (such as a A-methyl 
group) can be accommodated, it follows 
that either the acetic acid residue in the 4-posi¬ 
tion of meroquinene or the carbon atom of the 
carboxyl group of cinchoninic acid, must, in 
some way, be joined to the nitrogen atom in the 
cinchonine molecule. Of the several possibilities 
which these considerations open for the 
structural formula of cinchonine, 1 and II 
(p. 142) were envisaged by von Miller and Rohde 
(Bor. 1895, 28, 1059); II which was originally 
preferred, was later rejected in favour of I by 
Koenigs (J. pr. Chem. 1900, [ii], 61, 11): he pro¬ 
posed the name “ quinuclidine ” for the parent 
structure, from which the “ second half ” of the 
following formula is derived hypothetically, 
and succeeded in preparing two stereoisomerio 
S-ethylquinuclidines, one from meroquinene, and 
the other, by a different method, from cincholoi¬ 
pon (Ber. 1904, 37, 3244). The formula 
accepted at the present time, which is set forth 
at the beginning of this section, was first con¬ 
sidered by Ral^ and Ritter (Annalen, 1906, 
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Cinchonine (von Miller and Kohde, 1895, I; Koenlgsi 
1900 ). 
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Cinchonine (von Miller and llohde, 1805, II) 
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3-Ethylquiuuclidine (Koenigs, 1904). 
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NH 

l\ 

CO—HoC CHoCHo 

I I I 

,C CHoC 
CH 

Cinchonatoxines. 


350, 180); it was adopted by Koenigs, Bernhart, 
and Ibele (Ber. 1907, 40, 648, 2873), by Rohde 
and Antonaz {ibid. 1907, 40, 2329), and finally 
singled out by a process of ebmination by Rabe, 
Kuliga, and Naumann (Annalen, 1909, 866, 
353). And it is this work of Rabe’s which must 
now bring us back to the consideration of the 
third method available for the degradation of 
the cinchona alkaloids. 

In 1853 Pasteur (Compt. rend. 1853, 87, 110) 
discovered that the acid sulphates of the 
cinchona alkaloids melt when heated with a 
little water at 140° and give rise to isomerides. 
Thus from cinchonine he obtained a substance 
which he called cinchonicine, and from quinine 
quinicine. Moreover, cinchonidine gave rise 
to the same cinchonicine which was also formed 
from cinchonine. Similarly quinicine was 


obtained not only from quinine but also from 
quinidine. Those substances, which are now, 
for reasons to be stated below, perhaps best 
described as the cinchonatoxines, or briefly as 
the ioxines^ have the constitution shown above. 

The study of the toxines has played an 
essential part in the investigation of tlic parent 
alkaloids, but the manner of arriving at the 
constitution of the former, which can hardly 
be dealt with apart from a description of the 
researches which led to the formula of the latter 
will not be indicated in detail. Nevertheless, 
some salient points of interest may be mentioned. 

Two other methods exist whereby the cinchona 
alkaloids can be converted into the isomeric 
toxines. One of these was unwittingly dis¬ 
covered by Claus and his pupils in 1878, and the 
other was developed by von Miller and Rohde 
in 1894 while engaged on a study of the Claus 
reaction. The former chemist (ller. 1878, 11, 
1820) found that the quaternary addition com¬ 
pounds of the cinchona alkaloids with one mole¬ 
cule of an alkyl halide, when boiled with 
potassium hydroxide in aqueous solution, re¬ 
verted to tertiary bases. He regarded these as 
ordinary homologues of the parent alkaloids; 
many substances of the general type “ methyl- 
cinchonine ” were described in several papers 
(see, for instance, Clans and Muller, Ber. 1880, 
13, 2290; Claus and Mallmann, ibid. 1881, 14, 
76 ; Claus, Annalen, 1892, 269, 232). von Miller 
and Rohde (Ber. 1894, 27, 1187) found that these 
“ homologues ” formed phcnylhydrazoncs, and 
could not therefore have the parent structure. 
The parent alkaloids were not attacked by the 
reagent used (a solution of phenylhydrazine in 
acetic acid) unless heated with it at 100° for a 
long time. It was then found (ibid. p. 1279) 
that cinchonine on heating with dilute acetic 
acid at 105° for 24 hours was transformed into a 
kctonic base, which reacted with phenyl¬ 
hydrazine at once, and which, on raethylation with 
methyl iodide and sodium hydroxide, afforded 
a A-methyl derivative identical with Claus’s 
“ methylcinchonine.” The ketonie base, on 
account of its alleged poisonous properties and 
loss of antipyretic action, was given the name 
“ cinchotoxine ” {ibid. 1895, 28, 1058). Its 
identity with Pasteur’s cinchonicine was also 
suggested. Apart from their physiological pro¬ 
perties, the toxines were found to be remarkable 
in several other ways. As Pasteur had already 
noted, they had a greatly diminished optical 
rotatory power, and the toxines from stereo- 
isomeric pairs of parent alkaloids of opposite 
sign of rotation were identical ; the alkaloids 
had become converted into ketones and second¬ 
ary bases ; finally, the rupture of the C—N 
linkage w'as remarkable in taking place more 
readily with weak organic acids (acetic, tartaric, 
phosphoric) than with strong mineral acids 
such as hydrochloric acid (Rabe and McMillan, 
Ber. 1910, 43, 3308 ; Rabe, ibid. 1912, 45, 
2927). Biddle {ibid. 1912, 45, 526, 2832) 
independently made the same observation con¬ 
cerning the cause of this reaction, and in the 
course of detailed physico-chemical researches 
with several pupils (J. Amer. Chera. Soc. 1913, 
35, 418 ; 1916, 37, 2065, 2082, 2088 ; 1916, 
38, 901 ; 1917, 39, 968) reached the con- 
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elusion that it was catalysed neither by hydrogen 
ions, nor by the anions of acids, but by un¬ 
dissociated molecules of acids, a sufficient 
concentration of which was only attainable in 
the case of weak organic acids. Rabe (Ber. 
1907, 40, 3282; Annalen, 1909, 365, 366; 
Kabc, Schneider and Braasch, ibid. p. 377) 
pointed to the analogy between the toxine- 
transformation and the conversion of narcotino 
into nomarceine. Both cinchonine and narco¬ 
tine are 1:2-ainino-alcohols, and Rabe adduced 
other illuHtrations in support of the general view 
that such substances are liable to undergo the 
intramolecular rearrangement which underlies 
the conversion of cinchonine into cinchotoxine, 
and it has recently been suggested (Konopnicki 
and Siiszko, Bull. Acad. Polonaise, 1929, A. 340) 
that the cemversion proceeds in two stages: 


CH—OH 
CH— 


C—OH 

II 

CH H NHC 


CO 

I 

CH. H- NHC 


Substances of the intermediate enolic stage, in 
which the enolic group is fixed by intra¬ 
molecular participation in an ether function, 
have been isolated, and it is proposed that the 
von Miller and Rohde toxine- nomenclature be 
reserved for the final ketonic substances, while 
Pasteur’s original “ -icine nomenclature be 
adopted forthenewenol-ethcrs. The toxine trans¬ 
formation can easily be brought into excellent 
accord with modern electronic theory (see, for 
instance, Hanhartand Ingold, J.C.S. 1927, 997). 

The toxines react with hydroxylamine to form 
ketoximes and condense with one molecule of 
amyl nitrite in the presence of sodium ethoxido 
giving rise to iv^onitrosoketonca of the type 


—CO—C:NOH 


When Koenigs proposed his formula for cincho¬ 
nine in 1900 he stated also that cinchotoxine 
must in conformity therewith have the structure 
indicated btjlow. 


von Miller, Rohde, Brunner and Fussenegger 
(Ber. 1900, 33, 3214) failed to make cinchotoxine 
react with more than one molctmlo of amyl 
nitrite. The final disproof of Koenigs’ formula, 
and support for the formula proposed by Rabe, 
came on the one hand from Koenigs himself 
and on the other from Rabe. In each case 
oximino- or ^'^onitrosotoxines were shown to 
undergo smooth rupture, into simple quinoline 
derivatives, from the “ first half,” and i)ij:)eri- 
dine derivatives from the second, when sub¬ 
jected to the Beckmann rearrangement. Thus, 
Koenigs, Bemhart and Ibelo (Ber. 1907, 40, 
648, 2873) treated the oxime of A-methylcincho- 
toxine with phosphorus pentachloride, and 
hydrolysed the product with aqueous-methyl 
alcoholic sodium hydroxide, or with dilute 
hydrochloric acid. There were formed 4-amino- 
quinoline, cinchoninic acid, N-mcthylmero- 
quinene and (probably) 6-4-(A-methyl-3-vinyl- 
piperidyl)-ethylaraine, products which were 
decisive for Rabe’s formula as against that of 
Koenigs. Again, Rabe (with Ritter, Ber. 1905, 
38, 2770; with Ackermann, ibid. 1907, 40, 
2013) subjected i^onitroso-A-methylcincho- 
toxine and i>onitroso-W-meth3dhydrocincho- 
toxine to the Beckmann rearrangement, and 
obtained cinchoninic acid and, from the first, 
the readily isolable nitrile of N-methylmero- 
quinene, from the second, the corn?sponding 
cincholoipon derivative. At about this time, 
also, as has already bc(ui nuMitioned, Rabe 
suceeded in oxidising the secondary hydroxylic 
cinchona alkaloids to the corresponding ketones, 
in itself decisive evidenc(^ for his secondary 
hydroxylic formula as against Koenigs’ tertiary 
one. As he pointed out, however, other 
formulip, also containing a secondary h^ydroxyl 
group, were conceivable, and these w^ere 
finally disposed of by studying the action of 
amyd nitrite on the ketones (Rabe, Ber. 1908, 
41, 62; Rabe, Kuliga and Naumann, Annalen, 
1909, 365, 353). The alternative formulae 

envisaged by Rabe contain a — CHg — CO— 
group, and demand the formation of i^onitroso- 
kotones. Instead, it was found that fission 
once again took place in accordance with the 
scheme 

^CH—CO-^ ^C(—N-O)—CO— 




HX- 


NH 

\ 


H.i <!:h,ch—I 

Cinchotoxine (Koenigs, 1900). 


CH-CH, 


Such a substance should react with two mole¬ 
cules of amyl nitrite to form a diwonitrosoketone 
of the type 


HON 


id—CO— 


NOH 


-^C(-NOH) + HO—CO— 

There were formed, that is to say, cinchoninic 
acid and oximinovinylquinuclidine. 


N 

j I 

H.C CH 


iH- 


CH-CH, 


Oximinovinylquinuclidine. 


Quininone, similarly, gave rise to this oximino- 
substance and to quininic acid, and hydro- 
cinchoninine furnished cinchoninic acid and 
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oximinoethylquinuclidine. The oximino- sub¬ 
stances on hydrolysis, afforded hydroxylaniine, 
with rneroquinene from the one and cincholoipon 
from the other. 

The constitution of the cinchona alkaloids as 
well as of the cinchonatoxines had, in this way, 
been finally established. 

(6) Synthesis.—This constitution was verified 
in 1931 by the synthesis of hydroquinine and 
hydroquinidine (Rabe, Jluntcnbiirg, Sohultze 
and Volger, Ber. 1931, 64, 2487). The synthesis 
is in four phases : 

Synthesis of (juininic acid. 

Synthesis of /io?aocincholoipon (VI). 

Condensation of quininic acid with homo- 
cincholoipon to form hydroquinotoxine. 

Conversion of hydroquinotoxine to hydro- 
quinine and hydroquinidine. 

^ynihesia of Quininic Acid ,—The first phase, 
which constitutes a modification of Knorr’s 
quinoline synthesis (Annalen, 1886, 236, 69), 
proceeds in six stages : 

1. Acetoacetie ester is condensed with jp- 
anisidine by heating the components together. 

2. The resulting p-methoxyaectoacetanilide 
(I) is ring-closed l)y means of 90% sulphuric 
acid to 2-hydroxy-6-methoxy-4-methylquinolino 

(ii). 


CHjO 



I. 


6 . To oxidise this styrylquinoline derivative 
with cold potassium permanganate in aqueous 
pyridine solution to 6-methoxyquuioline-4- 
carboxylic acid (quininic acidi ; cf. Kaufmann 
and Foyer, Ber. 1912, 45, 1805. 

tiyrilhcsii* of homoiJincholoipoyi .—The second 
phase, the synthesis of Ao/aocincholoipon, pro- 
(ieeds in three stages. The mc'thod used had 
been worked out for a lower homologue by 
Rabe and Kindler (Ber. 1919, 52, 1846). The 
starting material, jS-collidine, or 4-methyl-3- 
ethylpyridine, whidi was diH(H)vered by Greville 
Williams (1855) and Oechsner de Coniiick 
(Compt. rend. 1880, 91, 296; Ann. Chim. 1882, 
[vj, 27, 469) in the products of distillation of 
cinchonine with potash, had been synthesised 
by Ruzicka and Fomasir (Helv. Chim. Acta, 
1919, 2, 338 ; sec also Rabe and dantzen, Ber. 
1921, 54, 925; E. Konigs and Ottrnann, ibid. 
p. 1343). 

1. )9-(k)llidino at 85“ is condensed by means of 
zinc chloride with chloral. 

2. The resulting compound (IV) is converted 
by means of alcoholic sodium ethoxide into the 
acrylic acid derivative V, which is then— 

3. Catalytically hydrogenated in hydrochloric 
acid solution to give //07/iocincholoipon (VI). 

OH N 

I I 

CCIj—CH CH 

H„C C—CH„—CH, 


IV. 



3. This is converted to the corresponding 
chloromethoxymethylquinoline by treatment 
with a mixture of phosphorus oxy- and penta- 
chloride. 

4. The chlorine atom is then eliminated by 
reduction either catalytially in alkaline alcoholic 
solution, or by means of aluminium and acetic 
acid. There is then formed ^j-methoxylepidine 
(6-methoxy-4-mothylquinoUne). 

The direct oxidation of 6-methoxylepidine 
does not proceed smoothly, and it was found 
better— 

5. To condense it with benzaldehyde in the 
presence of zinc chloride to the corresponding 
C-benzyhdene compound (III), and then 
finally— 


I 

I r 


HOoC—CH ' u CH 

II Gri I 


HC 
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CH 
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V. 
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NH 
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CH 
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VI. 


2 CH—CHa—CHg 


The last stage results in a mixture of stereo- 
isomerides of which ^omocincholoipon is one; 
it can bo isolated by fractional crystallisation of 
the d-tartrates of their ethyl esters. The 
desired stereoisomerido is obtained in pre¬ 
ponderating proportion only by rigidly adhering 
to a set of narrowly prescribed conditions in 
carrying out the hydrogenation. Among these 
may be mentioned the recommendation that 
the platinum catalyst be specially activated by 
the method of Vavon (Ann. Chim. 1914, [ix], 1, 
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149) and that the reduction be carried out at a 
pressure of 3 atmospheres and at 60°-70°. 

Condensation of Quininic Acid with homo- 
Cincholoipon. —In the next phase of the synthesis 
quininic ester is condensed with /jomocincholoipon 
ester—the latter in the form of its A-benzoyl 
derivative—by the Claisen method. Rabe and 
Kindler (Ber. 1918, 51, 1360) had already, 
thirteen years earlier, succeeded in condensing 
cinchoninic ester with non-synthetic /mmocincho- 
loipon to form hydrocinchotoxine, and had 
obtained hydroquinotoxine from quininic ester 
in like manner {ibid. 1919, 52, 1842). The latter 
condensation, under the agency of sodium 
ethoxide and in the absence of a solvent, was 
now repeated with synthetic A-benzoylAow?o- 
cincholoipon ethyl ester. The product (VII) 
was hydrolysed by means of hydrochloric acid, 
the carbethoxy and benzoyl groups being 
removed, and hydroquinotoxine formed. 



Conversion of Hydroquinotoxine to Hydro- 
quinine and Hydroquinidine. —The conversion 
of hydroquinotoxine to hydroquinine and hydro¬ 
quinidine in the last phase of the synthesis, 
which proceeds in three stages, is the earliest 
phase to have been elaborated, and dates 
back to 1908. In the first two stages hydro¬ 
quinotoxine is converted to hydroquininone, and 
this is then reduced. 

Two methods exist for the conversion of 
cinchonatoxines to cinchonaketones. One was 
first described by Kabe in the case of cincho- 
toxine (Ber. 1911, 44, 2088), The other was 
devised by Kaufmann and Huber (Ber. 1913, 
46, 2913) for hydrocinchotoxine and hydro¬ 
quinotoxine. According to Babe’s method the 
toxine is brominated by means of hypo- 
bromous acid to a A-bromotoxinc, which then, 
under the agency of sodium ethoxide in alcoholic 
solution, undergoes intramolecular alltylation: 
hydrogen bromide is eliminated, the quinuclidine 
ring is closed, and a cinchonaketone formed: 


HN 

I 

io -CHj 

Toxine, 


CO- 


-CH, 


Br N 


\ 


N-Bromotoxiue. 



Cinchonaketone. 


Kaufmann’s method is similar. By brominat- 
ing with a mixture of bromine and strong 
hydro bromic acid a C-bromotoxine is formed ; 


I 

CO-CHg 


NH 


co- 


-CH~Br 


NH 


The second stage is identical with Babe’s, a 
cinchonaketone being produ(‘(5d also in this 
case by an analogous mechanism. 

I Each method has certain advantages over 
! the other. While Babe's procedure is apphco/ble 
to both saturated and unsaturated toxines, 
Kaufmann’s reaction is unsuitable for the 
latter. Babe's method, moreover, can be 
effected in one operation by the use of sodium 
hypobromite. On the other hand, the C- 
bromotoxines lend themselves to manipulation 
more readily than do the N-bromotoxines; 
they 8ej)arate in the course of the bromination as 
j finely crystalline dihydrobromides. For the 
complete s^uithesis in 1931, Babe and his colla¬ 
borators actually used Kaufmann’s method. 

The last stage, the reduction of hydroquinin¬ 
one to hydroquininc and hydroquinidine (for a 
discussion of the formation of both alkaloids 
from the one ketone, see next section (c) ), 
j was the first to bo aeshieved, for Babe, already 
in 1908, had obtained cinchonine by reducing 
cinehoninono with sodium in alcoholic solution, 
and with iron filings in acetic acid (Ber. 1908, 
41, 67). Kaufmann and Huber (lx.) nxiuced 
hydrocinchoninono with palladium black and 
hydrogen and were the first to obtain two 
stereoisomeric carbijiols : hydrocinchonine and 
hydrocinchonidine. The other hydro-alkaloids 
were prepared from non-synthcti(; sources in a 
similar manner (Babe, Z. angew\ Chem. 1913, 26 
543). The vinyl alkaloids proved more difficult 
to prepare from the ketones, bo(^ause the vinyl 
group on catalytic hydrogenation was also 
reduced. A reducing agent suitable for this 
purpose, whic;!) woukl attack the ketone group 
but leave the vinyl group and the quinoline 
nucleus intact, was finally found in aluminium 
metal, used on an alcoholic solution of the 
ketone in the presence of sodium ethoxide 
(Babe and Kindler, Ber. 1918, 51, 466 ; 

Vereinigte Chininfabriken, Zimmer & Co., 
G.m.b.H., G.P. 330813, 1920). 

In the synthesis described in 1931, with which 
we are here concerned, the synthetic hydroquin- 
inono was reduced by means of hydrogen and 
palladium black. A freshly prepared solution of 
the crystalline ketone, which contains a pre¬ 
ponderant proportion of one of the two tauto¬ 
meric forms [see section (c) ], gave largely hydro¬ 
quinidine which was isolated as the tartrate. A 
little of a new stereoisomeride (m.p. 121°; [ajp 
+ 70*9°) was also obtained. Hydroquinino was 
obtained by the reduction of an oily equilibrium 
mixture of tautomeric forms. 

Although a complete synthesis of hydrocin¬ 
chonine and hydrocinchonidine has not been 
formally described, these substances can 
virtually be considered to have been synthesised. 
They have been obtained from hydrocinchonin- 
one, and this from hydrocinchotoxine (Kaufmann 
and Huber, l.c.), H^'drocinchotoxine has been 
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prepared from cinchoninic ester and N -benzoyl- 
Aowocincholoipon ester (Rabe and Kindler, 
Bor. 1918, 51, 1360). The latter substance had 
at that time only been obtained by the oxidation 
of N-benzoylhydrocinohotoxine (Kaufmann and 
Brurmschweiler, Ber. 1916, 49, 2302), but has 
now, as we have seen, been aynthesised. Finally, 
cinchoninic acid was syiithesised by Pfitzinger 
(.1. pr. C^hem. 1902, [ii], 66, 263 ; cf. Thielcpape, 
Ber. 1938, 71, 387.) The case is different for 
the unsaturated alkaloids cinchonine and 
quinine, the syntheses of which present peculiar 
difficulties. 

It is of interest to nott^ here, that by an 
analogous series of reactions substances have 
been prepared from which the cincihona alkaloids 
may be considered to be derived. In 1922 
Babe (Her. 1922, 55, [BJ, 522) proposed the 
names “ rubane ” and “ rubatoxane ” for the ^ 
following structures: 


tively, were described by Rabe, Kindler, and 
Wagner (Ber. 1922, 55, [B], 632); rubane itself 
(in optically active d- and Z- forms), the four 
rubands (the analogues of the cinchona alka¬ 
loids), and the rubyl chlorides were prepared by 
Rabe and Riza (Annalen, 1932, 496, 151). 
These substances are of purely academic 
interest except as regards their stereochemical 
relationships to the cindiona alkaloids. 

(c) Stereochemistry.—The cinchona alka¬ 
loids contain four dissimilar, asymmetric carbon 
atoms, marked (1) to (4) in the following 
formula, in which Q stands for the quinolyl or 
b-methoxyquinol^d residue, and R' for the 
vinyl or ethyl group. Sixteen storeoisomeric 
forms (8 pairs of mirror-image enantiomorphs) 
of any one alkaloid should therefore be capable 
of existence. Cinchonine and einchonidine are 
two such forms, but they are not an enantio- 
morphous pair. 


/I\ 

-HC CHXH. 


HoC 




CH, 


H- 
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I ! /H 

CH, 

I /a)\R' 
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CH 

Rubane. 



NH 


CH 


2 

2 


Rubatoxane. 


Rubatoxanone and rubanone, the analogues of 
the cinchonatoxines and cinchonaketones respec¬ 


Although the nitrogen atom is also unsym- 
metrical, it does not affect the number of 
possible stereoisomcrides, for, when two asym¬ 
metric atoms are, directly or indirecjtly, linked 
together three times over, they constitute but 
one centre of dissymmetry, as can be seen wdth 
the aid of a model. This accounts, for example, 
for there being only two forms of camphor 
(Skraup, Ber. 1902, 35, 3981; Rabe, ibid. 1922, 
55, 527). 

The two problems which challenge the 
chemist are (1) to determine the relative con¬ 
figurations or “ partial rotations ” of these four 
atoms in the various alkaloids, and 2) to prepare, 
in each structural case, the 14 other possible 
stereoisomcrides. The present position is sum¬ 
marised in Table II. 


Table 11. 


Case. 

Represented by the following alkaloids. 

“ Partial Rotation ” of 
asymmetric C atoms. 

1 

Cinchonine, quinidine, and their dihydro-derivatives 

12 3 4 

H- “ + -f 

2 

epiCinchonine, epiquinidine, and their dihydro-deriva¬ 
tives 

+ - + - 

3 

epieinchonidine, epiquinine, and their dihydro- 
dcrivatives 

4- — — + 

4 

Cinchonidine, quinine, and their dihydro-derivatives 


5* 

d-Hydroquinine (d-hydrocinchonidine and the corre¬ 
sponding vinyl alkaloids are unknovm) 

- + + + 

6t 

Z-Hydroquinidine (Z-hydrocinchonine and the corre¬ 
sponding vinyl alkaloids are unknown) 

_ + _ _ 

n 

Not represented by known alkaloids 

- + + - 

8§ 

Not represented by known alkaloids 

— + — + 


♦ enantiomorph of case 4 J enantiomorph of case 3 

I enantiomorph of case 1. § enantiomorph of case 2 
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This information has been obtained in the 
following manner; 

When cinchonine chloride in dilute sulphuric 
acid solution is reduced by moans of iron filings, 
the halogen atom is replaced by hydrogen, and 
there is formed “ desoxycinchonine ” (Koenigs, 
Ber. 1895, 28, 3143; 1896, 29, 372). The same 
applies to the other naturally occurring 
alkaloids, a distinct desoxy-base being formed 
in each case. These substances are of central 
significance for the solution of the problem, 
inasmuch as in their molecules carbon atom 4, 
but not 3, has become symmetrical. For this 
reason, Rabe and his collaborators (Annalen, 
1932, 492, 242), mistrusting the validity of 
stereochemical arguments based on substances 
obtained by means of phosphorus pentachloride, 
prepared the desoxy-bases by a different route, 
viz. by heating the hydrazones of the cinchona- 
ketones {t.g. cinchoninonchydrazone) with 
powdered potash : 

C. N—NH2->CH2+N2, 

a method due to Kishner (J. Russ. Rhys. Chem. 
{Soc. 1911, 43, 1398, and later papers). No 
modification of the argument, however, was 
necessary. 

The cinchona-toxincs and -ketones furnish 
cases ill which both carbon atoms 3 and 4 
are rendered inactive together, while carbon 
atoms 1 and 2 remain unchanged- It is this 
circumstance which accounts for there being 
only one toxine and only one ketone for any 
one given pair of stereoisomeric parent alkaloids. 
The ketones are at first sight, Hkc the desoxy- 
bases, symmetrical about carbon atom 4 but 
not about carbon atom 3. Rabe showed, 
however, that while this may be the case for the 
solid substances, in solution enolisation occurred, 
and dynamic equilibrium was established 
between the keto- and the enol- forms : the 
cinchonaketones are tautomeric (Rabe, Kuliga, 
Marschall, Naumann and Russell, Annalen, 
1910, 873, 85). Thus the ketones are slightly 
soluble in strong caustic alkali solution; they 
form O-benzoyl derivatives and they exhibit 
mutarotation. The asymmetry of centre 3 
being destroyed in the enol- form, complete 
racemisation of this centre, in the keto- form 
also, must take place in solution. 

That the configuration of centres 1 and 2 is 
the same for all the alkaloids was foreshadowed 
by Pasteur (Compt. rend. 1853, 87, 110), who 
observed that any one pair of stereoisomeric 
allcaloids was transformed to one and the same 
feebly dextrorotatory “ -icino ” (toxine). Howard 
(J.C.S. 1873, 26, 1177) also noted that the optical 
rotatory powers of cinchonicine and of quinicine 
were, fairly accurately, the arithmetic means of 
those of cinchonine and cinchonidine, and of 
quinine and quinidine respectively. The exten¬ 
sion of this argument from one stereoisomeric 
pair to another structurally distinct pair 
is made possible for all the vinyl alkaloids on the 
one hand, and for all the hydro-alkaloids on the 
other, by the fact that they all give rise to one 
and the same optically identical mcroquinene or 
oincholoipon, as the case may be. These 
degradation products of the “ second half” 
contain the original centres 1 and 2 intact. The 


stereochemical gap between the saturated and 
unsaturated series was first closed by Koenigs 
(Ber. 1902, 35, 1350), who reduced meroquinene 
by means of zinc dust and cold, fuming hydriodic 
acid, and obtained cincholoipon, optically 
identical with that gained from the hydro- 
alkaloids by degradation. Since that time the 
transition from the vinyl to the hydro-alkaloids 
has been often effected by the method of 
catatytic hydrogenation. 

Directly or indirectly, then, all the cinchona 
alkaloids give rise to one and the same cinchol- 
oipon, and so have the same configuration about 
centres 1 and 2, the total contribution of which is 
weakly dextrorotatory, as shown by the optical 
rotatory power of the ketones and the toxines. 
The individual configuration at each of those 
centres has been worked out recently (Henry, 
Solomon, and Gibbs, J.C.S. 1937, 594; 1938, 6) 
by a study of the isomerides of the unsaturated 
alkaloids formed by the action of mineral acids 
{se.t section {d) below), and the results are 
included in Table II. For the present purpose it 
will suffice to regard carbon atoms 1 and 2 
as constituting a single asymmetric centre, 
whitjh is dextrorotatory in total effect in the 
naturally-occurring alkaloids. On this basis 
there wdll bo 8 stereoisomerides in any one case of 
a single structural typo. In the hydroc|uinine 
series, 6 of these 8 cases are represented. Of 
these, two, Z-hydroquinine and cZ hydroquinidine, 
occur naturally ; their full mirror image enantio- 
morphs, (Z-hydroquinine and Z-hydroquinidino 
have been synthesised by Rabe and iSchultze 
(Ber. 1933, 66, f BJ, 120); the remaining two, ejn- 
hydroquinino and e/u'hydro(}uinidine, were pre¬ 
pared from hydroquininonc by reduction, as well 
as from hydroquinine or hydroquinidine by 
treatment with amyl alcoholic potash (Rabe and 
others, Annalen, 1932, 492, 242). 

In spite of identity of configuration at centres 
1 and 2, the stereoisomerides cinchonine and 
cinchonidine—to take an instance—are, never¬ 
theless, distinct, and must therefore have 
opposite configurations either about carbon 
atom 3, or about carbon atom 4, or at both these 
centres. Now, the distinction between the two 
is preserved in the desoxy-bases; desoxycin- 
(thonine is not the same as desoxycinchonidine, 
although they are identical at centres 1 and 2 and 
also at 4, being symmetrical at the latter point. 
The two desoxy-bases are therefore epimeric 
about carbon atom 3. The same applies to the 
parent alkaloids, except that these may or may 
not be epimeric also about carbon atom 4. The 
ideal way to settle this last point would bo by an 
analogous procedure. Unfortunately, however, 
no derivative of the cinchona alkaloids is known 
in which carbon atom 3 becomes symmetrical 
while carbon atom 4 remains unchanged. 

The problem is solved by studying the reduc¬ 
tion products of the cinchonaketones. 

Carbon atoms 3 and 4 in the ketones are race- 
mised by the dynamic equilibrium of tautomeric 
forms. On reduction back to the secondary 
alcoholic condition, however, they should 
resume a fixed dissymmetry. Now, the pro¬ 
duction of two new asymmetric carbon atoms in a 
molecule already possessed of an independent 
centre of dissymmetry, and optically active, 
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should result in four non-enantiomorphous 
stereoisomerides; these need not necessarily be 
formed in equivalent proportions. The reduc¬ 
tion of the cinchona-ketones should therefore be 
expected to give rise to four stereoisomeric 
carbiriols ; the original naturally occurring 
pair, and two others. Tliis was first found to be 
the case with hydrocinchoninone (Vercinigtc 
Chininfabriken, Zimmer & Co., G.m.b.H., G.P. 
330813, 1020), which, on reduction with 

aluminium or zinc in alcoholic solution and in the 
presence of sodium ethoxide, furnished the 
strongly dextrorotatory hydrocinchonine 
([a]p +100^’), the strongly laivorotatory hydro- 
cinchonidine ([a]i) —08°), and two other 

alkaloids, one of |a]j^> +88-5° and the other of 
[a]j, 4-48°. It was then pointed out by King 
and Palmer (d.C.iS. 1022, 121, 2577) that, without 
having to use the cpiestionable procedure of 
applying in a strii^tly quantitative sense Hud¬ 
son’s rule of optical superposition, it was 
nevertheless possible to deduce, justifiably 
enough, that the strongly dextrorotatory 
hydrocinchonine had a dextro- configuration at 3 
and also at 4; that similarly, the strongly bevo- 
rotatory hydrocinchonidine had a Uevo- con¬ 
figuration at each of those centres; w hile of 
the two new alkaloids, both of a more feeble 
rotatory pow'cr than either of the preceding, 
naturally ociairring stereoisomerides, one had a 
dextro- at 3 and a Itvo- configuration at 4, and 
the other, vice versa, was dextro- at 4 and Isevo- 
at 3. The argument was generalised by analogy 
to all the cinchona alkaloids, but it w^as jiointed 
out that, on the evidenc'e, it was impossible 
to establish the constitution of the new “ hydro- 
cinchonines.” 

The justification for that generalisation, and 
the identification of each of the new ‘‘ e%n- 
bases ” was furnished by Rabe, Irschick, Suszka, 
Muller, Nielsen, Kolbe, von Riegen and Hoeh- 
stiitter (Annalen, 1932, 492, 242). All the “ cpi- 
bases ” {see Table 11) were preparejd, on the one 
hand, by reduction of the ketones, as had been 
done in the Zimmer patent with hydrocinchonin¬ 
one, and on the other hand, by epimerisation 
of the parent alkaloids by moans of amyl 
alcoholic potash. For, in the latter process, it 
was found, for exarayile, that cinchonine gave rise 
not only to cinchonidino (Koenigs and Husmann, 
Ber. 1896, 29, 2185), but to a mixture in dynamic 
equilibrium of all four stereoisomerides in 
question—cinchonidine, epicinchonidino, epi- 
cinchonine, and unchanged cinchonine. It was 
found, in experimental verification of King and 
Palmer’s analogical generalisation, that the two 
most feebly rotating substances in any one 
group of four stereoisomerides were the new 
” epi-bases.” 

Finally, all the new alkaloids were identified 
by conversion to the chlorides, and reduction of 
these to the desoxy-bases in each case. In each 
group of four, one “ epi-base ” gave rise to one 
previously known desoxy-base, and the other 
to the other. In the case of cinchonine, cin¬ 
chonidine, and their two new congeners, for 
example, one of the latter gave rise to desoxy- 
cinchonine; it was hence identified as epi- 
cinchonine (4- at 3 ; — at 4); the other furnished 
desoxycinchonidine, and was assigned its 


position as epioinchonidine (— at 3 ; 4- a-f 4). 
This relation is illustrated bel ow. 


Dextro-conflguration at 3. 
Cinchonine <?pi Cinchonine 

{4-224-4°; (+120-3°; 

+ at 4) — at 4) 


Deso X y ci n ch onine 
(4~ symm.) 


L:rvo-conflgiiration at 3. 

cpiCinchonidine Cinchonidino 

(+62-8°; (-111°; 

+ at 4) — at 4) 


i I " 

Desoxy ciii choni dine 
(4-- symm.) 


The synthesis of the optical antipodes of 
hydroquinine and of hydroquinidine (Casc.s 5 
and 6 in Table II) was eflccted by Rabe and 
Schultze {l.c.) by precisely the same method 
whereby, as already exy>laincd their naturally 
occurring stereoisomerides had been synthesised 
two years earlier. 

The and y-carbon atoms of hornocmcho- 
loipon (which had then been synthesised, and 
formed one of the last stages in the main 
synthesis) are unsymmetrical, and constitute 
carbon atoms 1 and 2 respectively in the sub- 


NH 

I 

CHg 




CH 

y 

/iomoCincholoipon. 


sequent cinchona molecule. /mmoCincholoipon 
can therefore exist in two racemic modifica¬ 
tions, and both were in fact formed. Of the 
resolved, optically active components of one of 
these forms, one, obtained by means of d-tartaric 
acid, has proved to be identical with d-horrio- 
cincholoipon {i.e, with that obtained by the 
oxidation of benzoylhydrocinchotoxine). The 
other, its Lajvo-enantiomorph, obtained similarly 
by means of i-tartaric acid, w'as esterified and, 
in the form of its N- benzoyl-derivative, was now 
condensed with quininic ester exactly as before. 
Carbon atoms I and 2 in the resulting hydro- 
quinotoxine therefore were laevorotatory in 
combined effect. This new hydroquinotoxine 
was then converted to a new hydroquininone as 
before, which, on reduction, gave rise to a 
mixture of carbinols containing presumably four 
stereoisomerides. Of these, only d-hydroquinine 
and Lhydroquinidine, however, were isolated. 
They were identical in all respects with the 
naturally occurring Z-hydroquinine and d- 
hydroquinidine respectively, except that they 
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had opposite signs of rotation. NumerioaDy 
the rotations of the now enantioraorphs were 
respectively equal to those of hydroquinine 
and hydroquinidino. On admixture, each pair 
of enantiomorphs formed a racemic, optically 
inactive compound. 

The other stereoisomeric /iomocincholoipons, 
also present in Kabe’s crude synthetic product, 
were not isolated. They would form the starting 
material for a synthesis of cinchona alkaloids in 
which carbon atoms 1 and 2 would have con¬ 
figurations differing, relatively to one another, 
from that present in the natural bases. These 
other Aowocincholoipons would provide a route 
to synthesis of some of the isoinerides, which 
enabled Henry, Solomon and Gibbs (Z.c.) to 
propose separate configurations for carbon 
atoms 1 and 2, and a discussion of which 
follows. 

(d) Behaviour with Mineral Acids.—A 
broad distinction between the hydro-alkaloids 
and those of the unsaturated scries is that the 
former are substances which are relatively 
stable and indifferent to the action of strong 
mineral acids. These reagents serve, at most, to 
demethylate the methoxylated hydro-alkaloids, 
hydroquinine and hydroquinidino, to hydro- 
cupreine and hydrocupreidine respectively. 

The unsaturated alkaloids, on the contrary, 
when treated with mineral acids, sometimes 
even under relatively mild conditions, undergo a 
scries of changes the nature of which has been 
and, to a smaller extent, still is a vexed problem 
in the history of these alkaloids. The difficulty 
is to some extent an experimental one. The 
reaction usually gives rise not to a single 
substance, but to a variety of products which are 
difii(ajlt to separate ; many have a marked 
tendency to form with one another loose com¬ 
pounds which behave as single substances, j 
Some, particularly the phenolic bases derived 
from quinine and quinidine, are difficult to 
crystallise and to characterise owing to in- I 
stability in the air, or to indefiniteness of melting- 
point, or owing to the fact that they undergo 
slow decomposition on drying for analytical 
purposes. 

This problem is still receiving active attention 
in several laboratories, but enough is now known 
to warrant the following tentative account, oven 
though it may require modification in the near 
future. For this reason also, and in view of the 
complexity of the subject, it will be more con¬ 
venient not to encumber the discussion with 
references cither to particular cases or to the 
experimental evidence. The bibliography of the 
literature on which this account is based will be 
found at the end of this section. 

Three distinct types of substance may be 
produced when the unsaturated cinchona 
alkaloids are treated with mineral acids. The 
first type (A) arises from the addition of the 
elements of the reagent to the double bond. 
The other two types result from the isomerisa¬ 
tion of the parent alkaloids by (B) wandering of 
the double bond, and (C) loss of the double bond 
by intramolecular ether formation involving the 
central hydroxyl group. In addition, the 
methoxylated alkaloids, quinine and quinidine, 
undergo demethylation when the action is 


sufficiently drastic ; the phenolic bases apo- 
quinine, apoquinidine, and their congeners are 
then formed. The three types have had assigned 
to them the following structural formulie 
respectively, wdiich are probably substantially 
correct; 


CH(OH)- 
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CH 
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Q stands for I h«; qnlnolyl-, G-hydroxy- or 
nndlioxyciuiiiolyl residm*. 


A fourth type of substance is also formed. 
This cannot, however, be considered here, as no 
general agreement has as yet been reached con¬ 
cerning its structure. TTiis fourth typo is 
represented by “ 8-cinchonine ” (“ a- and j3- 
einchonhydrine ”) from cinchonine, “ niquine ” 
from quinine, and “ niquidino ” from quinidine. 

iSubstanees of typo A (X=^halogen) are formed 
to the exclusion of the other types whim any 
vinyl alkaloid is treated with very concentrated 
hot or cold halogen hydracid (ejj. hydrochloric 
acid, saturated at —17°). The same substances 
are also produced when any of the transforma¬ 
tion products, A (X —OH), B, or C, are 
treated in similar fashion, except that a higher 
temperature is then requisite. 

When the aciils are dilute and hot {e.g. 
hydrochloric acid of sp.gr. 1-125 at 140°), or 
when sulphuric acid (50% and upwards) is 
used instead of the halogen acids, all three types 
are formed side by side, except that in the case 
of the Ifevorotatory alkaloids, cinchonidine and 
quinine, type C is absent. This statement 
also applies either to the parent alkaloids or 
to any of the transformation products imder 
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discussion, although the results in the two cases 
are rarely identical. When sulphuric acid is 
used, typo A is formed by the addition of the 
elements of water to the vinyl group (X ^ —O H). 

Action of Hot, Dii.ute Haloqen Hydracids 
OR OF SuLi’iiURic Acid on the Cinchona 
Alkaloids. 


Cinchonine and 
Quinidine. 



Cinchonidine and 
Quinine. 



The isoineride types (B and C) can bo formed 
not only as described, but also by the abstraction 
of a molecule of hydrogen halide from the 
halogenohydro-cinchona alkaloids of type A. 
The reaction is effected either by means of alkali, 
or silver salts, or by heating the bases in alcoholic 
or aqueous-alcoholic or in benzene solution. It 
is this reaction which gives rise to the “ 8- 
cinchonine,” “ niquine,” and “ niquidine ” 
mentioned above. Otherwise, only substances 
of types B and 0 are formed ; substitution 
of the halogen for another group, producing 
variants of type A with X = —OH, —OCH 3 , 
—O—CO—CH 3 or NHg, has never been 
observed. The mild nature of the media (neutral 
or alkaline, but never acid) used for the dehalo- 
genation suggests the possibility of the regenera¬ 
tion of the vinyl group, i.e, of the parent alkaloid, 
and it has been claimed several times that this 
does in fact occur. The present author, 
however, is doubtful whether, for example, 
quinine and cinchonine, have ever been re¬ 
generated from their addition compounds with 
the halogen hydracids. 

This alternative method of preparing the 
isomeride-types resembles the mineral acid 
procedure already described, in this case also 
the hevorotatory alkaloids, cinchonidine and 
quinine, fail to give rise to type C. Type C is in 
fact never formed from the Isevorotatory 
alkaloids and is unknown, because in the 
Isevorotatory series the central hydroxyl and 
vinyl groups are remote, whereas in the dextro- 
seriea they are close together. This circum- 
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stance is determined not, as might at first sight 
be supposed, by the configuration of carbon 
atom 4, but by that of carbon atom 3, as can be 
readily seen with the aid of a model. 

Stereochemistry. Type A .—Whereas the 
parent cinchona alkaloids contain four asym¬ 
metric carbon atoms, and should be capable of 
existing in 16 stercoisomeric forms, substances 
of typo A contain five such atoms, and should 
therefore give rise to 32 stereoisomerides. The 
new asymmetric atom (marked 5 in the formula) 
is the one to which the group X becomes 
attached. Any one parent alkaloid should 
therefore give rise to two structurally identical 
forms of type A. Two 1‘orms of hydroxy- and 
halogeno- hydro-cinchona alkaloids arc, in fact, 
known in many cases. 

Type B .—This tyjie contains a double 
bond between asymmetric carbon atoms 1 
and 5, and is capable of geometrical isomerism. 
Any f)ne known ^ parent alkaloid should there¬ 
fore give rise to two forms of this type—one 
CIS and one trans. This, also, is in accord with 
the experimental evidence. 

Type C. —iStereochemically, this is the most 
abstruse type of the three. In common with 
type A, it contains five asymmetric carbon 
atoms ; it can, nevertheless, only give rise to 
10 stereoisomeric forms. As was pointed out 
in the last section, although carbon atom 2 and 
I the nitrogen are both asymmetric, they never- 
j theless constitute only a single effective asym¬ 
metric centre, for the reason that the}^ are the 
terminals of a p-bridge in a bicyclic system. In 
the C-tyj)e, carbon atoms 1 and 3 arc another 
such pair, the bridge being 

H M e— O— C4 H Q—. 

There are, therefore, only four effective asym¬ 
metric centres in the molecule. This circum¬ 
stance is made manifest by the inability, already 
noted, of the laivorotatory alkaloids to form this 
type; the hevorotatory alkaloids differ from 
their dextrorotatory isomerides in respect of the 
configuration at carbon atom 3. Each of the 
eight possible parent forms of the (jinchona 
alkaloids which has a dextro-configuration at 
carbon atom 3 can, therefore, give rise to two 
stereoisomeric forms of type C. 

In effect, therefore, any one parent unsaturated 
cinchona alkaloid, when it can give rise to a given 
type, can give rise to two stereoisomeric forms of 
that type. This statement ajiplies to all three 
types, but requires qualification in the case of 
type C. For although cinchonine gives rise to 
two forms of the bridged type, viz, a- and / 3 - 
i^ocinchonines, a circumstance which should be 
accounted not so much a verification of stereo¬ 
chemical theory as a defect in the search for 
other forms, quinidine, the stereochemical 
analogue of cinchonine, furnishes throe iso- 
quinidines having the O-bridge structure. 

^ The same actually apulicB to any one of the 
16 possible T^arcnt fonns U^e section 5 (c), above]t 
whether known or unknown. Although there are, 
nevertheless,. not 32 but only 16 B-forms possible, 
the above statement is correct as far as it goes. Tlie 
resolution of the apparent contradiction must be left 
to those Interested, because, belonging to a somewhat 
recondite field of stereochemistry, it would be outside 
the scope of this article. A full explanation, more¬ 
over, would not be germane to the discussion. 
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No two parent alkaloids are known to give 
rise to any one and the same transformation 
product. It is assumed, therefore, that the 
configurations of the four asymmetric carbon 
atoms originally present arc not affe(;tcd by 
tre?atment with acids, and that the transforma¬ 
tion products derived from other possible, but 
still unknown, parent types would similarly 
occur in distinct sets.^ The existence of three 
i^oquinidines of one type renders this assumption 
untenable, at all events in the case of type C. 
The third i',socpiinidino is not derived from 
quinidine, but probably from a stereoisomeride. 

The following bibliography, on which the 
foregoing account of the behaviour of the 
cinchona alkaloids towards mineral acids is 
based, is arranged on a chronological basis of 
authors. '^Fho publications of any one author 
and his collaborators are not interspersed with 
those of other authors, so that the order of the 
entire list is not chronological. The authors are 
listed in order of date of the earliest publication : 

Zorn (J. pr. Chem. 1873, [ii], 8 , 279); Hesse 
(Annalcn, 1880, 205, 314; 1888, 243, 131; 

1890, 260, 213; 1892, 267, 138; 1893, 276, 88, 
125); Julius (Monatsh. 1884, 6, 750); Comstock 
and Koenigs (Ber. 1887, 20 , 2510); Koenigs 
(Annalen, 1906, 347 , 184); Jungfleisch and 
l^eger (Compt. rend. 1887, 105, 1255; 1888, 
106, 68, 357, 657, 1410; 1889, 108, 952; 1891, 
113, 651; 1892, 114, 1192; 1893, 117, 42; 

1894,118,29,536; 1894,119,1268; 1895,120, 
325 ; 1901, 132, 410, 828 ; Ann. Chim. 1920,14, 
59); Leger (Compt. rend. 1918, 166, 76, 469, 
903; 1919, 168, 404; 1919, 169, 67, 797; 

J. Pharm. Chim. 1936, 23 , 558); Lippmann and 
Fleissner (Ber. 1891, 24, 2827; 1893, 26, 2005; 
Monatsh. 1891, 12, 327; 1893, 14, 371 ; 1895, 
16, 34) ; 8kraup (Monatsh. 1891, 12, 431; 
with Schubert, Monatsh. 1891, 12, 669; Ber. 
1892, 25 , 2909; Monatsh. 1893, 14 , 428; 
1897, 18, 411; 1899, 20 , 571, 585; 1900, 21 , 
512; with Zwerger, Monatsh. 1900, 21, 535; 
1902, 23 , 455; 1904, 25 , 894; Monatsh. 1901, 
22 , 171, 253, 1083, 1097; 1903, 24 , 291, 311; 
with Egerer, Monatsh. 1903, 24 , 669); Pum 
(Monatsh. 1891, 12, 582; 1892, 13 , 676; 1895, 
16, 68); Neumann (Monatsh. 1892, 13 , 651); 
Cordior von Lowenhaupt (Monatsh. 1898, 19 , 
461); von Arlt (Monatsh. 1899, 20 , 425); Langer 
(Monatsh. 1901, 22 , 151, 157); HlavniCka 
(Monatsh. 1901, 22 , 191); Widmar (Monatsh. 
1901, 22 , 976); Kaas (Monatsh. 1904, 25 . 1145; 
1905, 26, 119); Pfannl (Monatsh. 1911, 32 , 
241); Paneth (Monatsh. 1911, 32 , 257); 
Bottcher and Horowitz (Monatsh. 1911, 32 , 
793 ; 1912, 33 , 567); Babe and Bottcher (Ber. 
1917, 50 , 127); Bnsenmund and Kittler (Arch. 
Pharm. 1924, 262 , 18); Giemsa and Bonath 
(Ber. 1925, 68 , [B], 87); Friinkel and Buhlea (Ber. 
1925, 58 , [B[, 559); Suszko et al, (Bull. Acad. 
Polonaise, A. 1925, 129; 1929, 340; 1933, 119; 
1935, 65, 360, 415, 457, 465; Rocz. Chem. 
1933, 13 , 360, 464; Rec. trav. chim. 1933, 52 , 
839, 847; 1935, 54 , 481; 1936, 55 , 392); 

Henry (with Solomon, J.C.S. 1934, 1923; 
with Solomon and Gibbs, ibid, 1935, 966 ; 1937, 
592) ; Goodson (J.C.S. 1935, 1094) ; Solomon 
{ibid, 1938, 6). 

^ But In the case of type B, see footnote on page 150. 


6. Pboi’erties of Individual Substances.— 
The following list, designed to give more 
detailed information concerning the discovery, 
occurrence, and properties of the individual 
alkaloids and their derivatives, is arranged in 
alphabetical order of the naturally occurring 
alkaloids (p. 128). After each description of an 
alkaloidal base there follow descriptions of its 
principal salts and derivatives, and the more 
important of its transformation and degradation 
products. 

Aricine (quinovatine), C23H26O4N2, named 
after the port of Arica in Peru, was discovered 
in Cusco bark {C. Felletierana) by Pclhitier and 
Corriol (J. Pharm. Chim. 1829, 15, 575). It 
forms large, colourless prisms from alcohol, 
m.p. 188°, mJ,® -58-2° (c=-- 2 in 97% alcohol), 
but -l-14-5° in a(‘id solution. It is soluble at 
Ifi'^ in 100 parts of 90% alcohol, or 33 parts of 
ether, very soluble in cliloroform and insoluble 
in water. With concentrated sulphuric acid it 
gives a greenish-yeUow colour, changing to deep 
blue on addition of ammonium mt)lybdate, and 
this becomes olive-green on warming. This 
colour reaction is also characteristic of ousconine. 
Nitric ,’acid produces a deep green coloration, 
and affords a greenish-yellow solution. Aricine 
is astringent but not bitter in taste. It is a 
weak base, and its salts dissociate in water. 

The hydroch /or?V/c, B • H C1,2 H gO. forms colour¬ 
less prisms, slightly soluble in cold water. The 
sulphate, B 2 ‘H 2 S 04 , consists of fine needles, 
fairly soluble in cold water. The acid siilphate, 
BH 2 SO 4 , is less soluble. Aricine also forms an 
ac<;tale, a citrate, a hydriodidc, and two 
oxalates, the bin oxalate,'’'' B'C 2 H 204 , 2 H 20 , 
being very sparingly soluble in cold water. 
The platinichloride, salicylate, and thiocyanate 
are also described (Hesse, Annalcn, 1878, 185, 
296; Moissan and Landrin, J. Pharm. Chim. 
1890, 21,337). 

Chairamidine, C22H26O4N2, was isolated 
from the bark of Rernijia Furdieana by Hesse 
(Annalen, 1884, 225, 253). It is accompanied 
in the bark by a series of other alkaloids, and is 
I isolated by first removing these as sulphates, 
hydrochlorides or thiocyanates. For details 
of the method Hesse’s paper should be con¬ 
sulted. Chairamidine is a white, amorphous 
powder containing 1 HgO. The anhydrous 
substance has m.p. 126^-128° (decomp.), and 
[a]p -f 7*3° (c=3 in 97% alcohol). It is insoluble 
in water, and readily soluble in alcohol, ether, 
chloroform or benzene. It dissolves in con¬ 
centrated sulphuric acid to a yellow solution, 
which slowly turns green. Animal charcoal 
removes it completely from a solution in acetic 
acid. Chairamidine is a weak base, and its 
solutions in alcohol are neutral to litmus. Its 
salts are amorphous. 

Chairamine, C22H26O4N2, also occurs in 
Remijia Furdieana (Hesse, Annalcn, 1884, 225, 
243), and is obtained as the hydrochloride from 
the mother-liquors remaining after removing the 
concusconine as sulphate. The base crystallises 
with 1 HgO from dilute alcohol (slender white 
needles) or from strong alcohol (thick prisms). 
The hydrate melts at 140°, and the anhydrous 
base at 233°; [ajp about + 100° in 97% alcohol. 
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Ifc is soluble at 11° in 540 parts of 97% alcohol, 
but is readily soluble in other or chloroform. It 
dissolves to a colourless solution in concentrated 
sulphuric acid, but this slowly turns dark green. 
This colour is also produced wdion concentrated 
nitric acid is added to a solution of chairamine in 
acetic acid. 1 n addition to the crystalline hydro¬ 
chloride used for its separation, a sulphatCj 
Ba-HgSO^.SHoO, is also known. 

Cinchamidine .— See Hydrocinchonidinc. 

Cinchona Febrifuge .—See Quinctum. 

Cinchonamine, C 19 H 24 ON 2 , was isolated by 
Amaud (Compt. rend. 1881, 93, 593; 1883, 97, 
174). It occurs in the bark of Uemijia Purdieana 
together with cinchonine, concusconine, chair- 
amine, chairamidine, conchairamine, and con- 
chairamidine. Hesse (Annalen, 1884, 225, 211, 
218) gives a scheme of separation. The cin¬ 
chonamine is purified by taking advantage of the 
insolubility of its nitrate. The base crystallises 
from ab'ohol in needles or orthorhombic, tribo- 
lurninescent prisms, m.p. 184°-185° (Hesse), 
lOf)” (Amaud), [a]|f +121-r (c=2 in 97% 
alcohol). It is almost insoluble in cold w^ater, 
but slightly soluble in hot water, from wdiich it 
crystallises in short j)risrns. Cinchonamine 
dissolves in 31*6 parts (d‘ 90% alcohol at 17°, 
and in 100 parts of ether. It is also soluble in 
chloroform, benzene, light petroleum or carbon 
disulphide. Cinc’honamine is said to be toxic, 
but more powerfully antipyretic than quinine. 
Its solutions do not fluoresce, neither do they 
give the thalleioquin reaction. It differs from its 
isomcrides, hydrocinchonine and hydrocin- 
chonidine, in being readily attacked by potassium 
permanganate. Cinchonamine does not contain 
a methoxyl group, but forms a methiodide and 
an acetyl-derivative. With nitric acid it forma 
a yellow, amorphous, explosive dinitro-deriva¬ 
tive. 

Cinchonamine is a strong diacidic base which 
forms w'ell-defined salts. Of greatest interest is 
the nitrate, B-HNOg (minute prisms, m.p. 
196°), the insolubility of which is found useful, 
as already stated, in purifying this alkaloid. 
Arnaud (Ann. Chim. 1890, 19, 93) proposed the 
use of cinchonamine for the estimation of 
nitrates, but the method is limited in its applica¬ 
tion (How^ard and Chick, J.S.C.I. 1909, 28, 53). 
The hydrochloride, B-HCI, soft laminse, or 
B-HChHgO, transparent cubical crystals, is 
soluble in 200 parts of w^ater at 27° (Howard 
and Perry, ibid. 1905, 24, 1281). The sulphate, 
B 2 -H 2 S 04 (prisms), in contradistinction to a 
number of cinchona alkaloids, is very soluble in 
water, as is also the acid sulphate, B’H 2 S 04 
(octahedra or prisms). The citrate, hydro- 
laromide, hydriodide, malate, platinichloride, 
picrate, tartrate, and thiocyanate are also 
known. Boutroux and Genvresse (Compt. ^end. 
1897, 125, 467) have described a series of crystal¬ 
line double chlorides with cadmium, zinc and 
copper. 

CInchonicine.— See Cinchotoxine under Cin¬ 
chonine, 

Cinchonidine, occurs naturally 

in most cinchona barks, and particularly in C, 
succirubra. It can also be obtained artificially 
by treating cinchonine with amyl alcoholic 
potash (Koenigs and Husmann, Ber. 1896, 29, 
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2185). It was first isolated from C. tucujensis 
by Winckler (Jahresbericht, 1847/1848, 620), 
who called it “ quinidinc.” It was renamed 
“ cinchonidine ” by Pasteur (J. Pharm. Chim. 
1853, 23, 123), who suspected that the new 
alkaloid was isomeric with cinchonine. The 
confusion which resulted in the literature may be 
regarded as typical of the uncertainty, which 
existed in the middle of last century, concerning 
the identity of several cinchona alkaloids {see, 
e.g. Hesse, Annalen, 1865, 135, 334; 1873, 166, 
243 ; 1875, 176, 322 ; Ber. 1877, 10, 2149, 2152). 
The identity of cinchonidine was finally placed 
on a satisfactory basis by Skraup and Vortmann 
(Annalen, 1879, 197, 226), who also gare it the 
correct empirical formula. It is isolated (from 
the mother-liquors from quinine sulphate) as 
tartrate, and purified either as neutral sulphate 
(Hesse, Annalen, 1880, 205, 196), or as acid 
sulphate ; for the preparation of the latter, 
each gram of crude, dry cinchonidine base is 
dissolved in 2*1 c.c. of 50% sulphuric acid and 
11 c.c. of alcohol. The base is finally recovered 
and recrystallised from alcohol. The product so 
obtained still contains some quinine and hydro- 
cinchonidine, which can be removed by re- 
crystallisation from benzene, and fractional 
crystallisation from alcohol res])eetivoly (Buttle, 
H<‘nry, and Trevan, Biochem. J. 1934, 28, 
436). 

Cinchonidine crystallises in anhydrous, large 
trirnetric prisms, or thin plates. Its melting- 
point has been given variously, ranging from 
202° to 210-5°; the melting-point given by 
Buttle, Henry, and Trevan {ibid. p. 438) for 
their pure cinchonidine is 204-5°. It is lajvo- 
rotatory: [aj]^ ^ —107-9° (c~l in 1 vol. 
alcohol-1-2 vols. chloroform) (Lenz, Z. anal. 
Chem. 1888, 27, 563); -86-2° (c=l-0955 in 

chloroform) (Rabe et al., Annalen, 1910, 373, 
100); -111-0° (c-0-878 in 99% alcohol) (Rabe, 
l.c.); —178° (c=0-735, i.e. Af/40 solution in 

0-1N-H2SO4) (Buttle al., l.c.). Cinchonidine 
is almost insoluble in water (1 in over 5,000) ; 
it dissolves in 300 parts of cold alcohol 
(sp.gr. 0-935) or in 16 parts of 97% alcohol; 
in over 1,000 parts of dry ether, but in 
188 parts of ether sp.gr. 0-72. It is readily 
soluble in chloroform or amyl alcohol. Cinchoni¬ 
dine solutions neither fluoresce nor give the 
thalleioquin reaction (distinction from quinine 
and quinidine). The alkaloid is distinguished 
from its stereoisomeride, cinchonine, in being 
laevorotatory, in its greater solubility in ether, 
and by giving an insoluble tartrate. On oxida¬ 
tion with potassium permanganate it gives rise 
to cinchotonidine {see p, 1546), and with chromic 
acid it is degraded to the same substances that 
are formed from cinchonine in like manner. 
On reduction with hydrogen in the presence of 
platinum or palladium catalysts, hydrocin- 
chonidine {q.v.) is formed. Cinchonidine gives 
rise to the same cinchotoxine (cinchonicine) 
that is formed from cinchonine. 

Cinchonidine Sulphate, B 2 *H 2 S 04 , crystallises 
from cold water in needles containing GHgO, 
from hot water in needles containing 3 H 2 O, 
and from alcohol with 2 H 2 O. The salt becomes 
anhydrous at 100° (m.p. 205°, decomp.), and re¬ 
absorbs 2 H 2 O on exposure. At 15° the salt is 
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soluble in 100 parts of water, 60 of alcohol, or 
1,000 of chloroform ; at 25® it dissolves in 63 
parts of water or 72 of alcohol. The solubility in 
water at 80® is threefold that at 25®. 

Cinchonidine Acid Sulphate, B-H 2804 , 6 HjO, 
is readily soluble in water; [a]J^^ —133-6® (c~ 
0*98 of anhydrous salt, i.e. an Jlf/40 solution, in 
water). The same rotation is observed in M/IO 
solution, and in 0 - 1 N-H 2 SO 4 . The tetra- 
svlphate, B- 2 H 2 S 04 ,H 20 , is slowly soluble in 
water. 

Cinchonidine Hydrochloride, B • H C I, H jO, 
forms monoclinic prisms from water. It crystal¬ 
lises from alcohol in fine needles containing 
2 H 2 O. The anhydrous salt has m.p. 242°; 

—117-6° (c=l-214 in water). The salt is 
soluble at 12° in 30 parts of water, and in 300 
parts of ether; it dissolves readily in alcohol or 
in chloroform. 

Cinchonidine Tartrate, B2-C4HgO0,2H2O, 
forms fine needles soluble in 1,265 parts of water 
at 10 °, and almost insoluble in sodium potassium 
tartrate solution. 

Other known salts of cinchonidine include the 
dihydrocldoride, hydrobromide, dihydrobromide, 
hydriodidc, dihydriodide, nitrate, oxalate, acid 
tartrate, benzoate, salicylate and succinate. A 
number of double (!ompounds with metallic 
salts liave been described. 

Cinchonidinc Meihiodide, ^19 ^ 22 ^ ^2’^ ^3 
is formed from the components in alcoholic 
solution at room temperature (24 hours). Fine 
colourless needles, m.p. 248° (Claus and Bock, 
Bcr. 1880, 13, 2192). 

Acetylci nchonid ine, Ci 9 H 2 i(CO-CH 3 )ON 2 , 
results from the action of acetic anhydride at 
6()°-80°. Amorphous powder (Hesse, Annalen, 
1880, 205, 319; Hilditch, J.C.S, 1911, 99, 238). 

a-Chlorohydrocinchonidine, better a-chloro- 
dihydrocinchonidine (component of “ hydro- 
chlorocinchonidine ”), 

C9H0N-CH(OH)-C7HiiN-CHCI-CH3, 

is obtained by the action of hydrochloric acid, 
either at room temperature with acid saturated 
at —17°, or at 85® with the ordinary concentrated 
acid. It is isolated from the products of the 
reaction as acid sulphate or tartrate, and then 
fractionated as dihydrobromide when it forms 
the more soluble component. The base (from 
alcohol) has m.p. 231° {decomp.), [a]^ —135-6° 
(c=0-5 in A-HCI) (Goodson, J.C.S. 1935, 
1096). 

The more sparingly soluble component in the 
dihydrobromide fractionation is a -chlorohydro- 
cinchonidine, which is epimeric with the a- 
derivative at the carbon atom carrying the 
chlorine atom. The a'-derivative (base) crystal¬ 
lises from alcohol, has m.p. 246® and [a]j® 
—62-5° (c—0*5 in N-HCI). Its acid sulphate, 
tartrate and dihydrobromide are also described 
(Goodson, ibid. p. 1097). 

lodohydrocinchonidine, better iododihydro- 
cinchonidino (hydroiodocinchonidine), 

Cj H e N—C H (O H)—C 7 H 11 N—C HI —C H 3 , 

is obtained by heating cinchonidine with hydri- 
odic acid (sp.gr. 1-7) on the water-bath. The base 
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has m.p. 166® (Neumann, Monatsh. 1892, 13, 
651). 

apoCinchonidine (Hesse, L(^gcr), p-cinchonidine 
(Hesse, Neumann, Lcgcr), y-cinchonidine, iso- 
cinchonidine (Hesse, Paneth), 

C9H0N~CH(OH)~CgHjoN>C-CH~-CH3 

These four names have l>een used by the authors, 
whose names are bracketed after them, to 
(U^signato a series of eight substancf^s, the 
modes of formation and characters of which are 
assembled in the following table. Most probably 
only two j)ure substances, which are geometrical 
isomerides with the constitution indicated, are 
involved ; some, if not all, of the eight varieties 
described (Table Ill, p. 154), may be mixtures 
in differing proportions. 

The cinchonidine isomerides form mono- 
acetyl derivatives and react with concentrated 
halogen hydracids to give the same halogeno- 
hydrocinciionidines as are obtained from the 
parent alkaloid. 

Hydroxyhydrocinchonidine, better, hydroxy- 
dihydrocinchonidine, 

CoH6N-CH(OH)-C7Hj,N-CH(OH)-CH3, 

is formed toget her with jS- and apocinchonidinc in 
the sulphuric acid method of Leger (Bull. J^oc. 
chim. 1919, [iv ], 25, 575). Like these, it crystal¬ 
lises from dilute alcohol, but it forms a diacetyl- 
derivativc. Hydroxyhydrocinchonidine has 
m.p. 242°-243®, and [al^f-101-7° in alcohol. 

cpiCinchonidine, C„H,,ON,. is epimeric with 
cinchonidine about the carbinol (CH-OH) 
group. It is obtaiiK^i either by heati.ng 
cinchonine with amyl alcoholic potash (300 g. 
alkaloid, 150 g. KOH, 5-5 litres amyl alcohol), 
or by reducing cinchoninone (100 g.) dissolved 
in a solution of sodium (84 g.) in alcohol (2,280 
C.C.), with aluminium powder (84 g.). The epi- 
cinchonidine is isolated from the ether-soluble 
fraction of the sterco-isomeridcs formed, with 
the aid of tartaric, dibenzoyl- and dianisoyl- 
tartaric acids. It forms small, colourless plates 
from ether, m.p. 103°-104®, -f 62-8° 

(c=0*8044 in alcohol), is readily soluble in the 
usual organic solvents, and is non-fluorescent 
(Rabe and others, Annalen, 1932, 492, 253.) 

Cinchon idine Chlor ide, 

C 9 H 0 N—CHCI—C 7 H 11 N—CH-CH 2 , 

is formed when anhydrous cinchonidine hydro¬ 
chloride (33 g.) dissolved in chloroform (300 c.c.) 
is slowly treated with phosphorus pentachloride 
50 g.), care being taken to avoid any rise in 
temperature by cooling with water. The 
product crystallises from a mixture of ether and 
ligroin (b.p. 40°-50°) in white crystals, m.p. 108°, 
[o]{f +78-2° (c=2-020 in 99% alcohol); +90-9'’ 
(c—2-009 in chloroform). The hydrochloride, 
C„H2iNjCI-HCI, has [a]“ +24'l6° (c=l-573 
in water) (Comstock and Koenigs, Ber. 1884, 
17 , 1987; Rabe, Kuliga, Marschall, Naumann 
and Russell, Annalen, 1910, 373, 103). 

Desoxycinchonidine, 

C9H0N—CHg—C7H11N—CH^CHj, 

is prepared from cinchonidine chloride. A 6 % 
solution of the chloride (12 g.) in 10 % sulphuric 
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Table III. 


Name. 

Manner of Formation from 
einchonidine. 

M.p. 

[a]u. 

Author and 
Reference. 

apoOin choni d i no 

Heating with 3 parts HCI 
(sp.gr. M25) at 140°-150° 
for 6-10 hours. 

225° 

— 129*2° in alcohol 
-160*4° in dil. 

HCI. 

Hesse, Annalen, 
1880,205,323, 
327. 

apoCinchonidinc 

Boiling with 4 parts of 50% 

254*7 

—134*4° in alcohol. 

Leger, Bull. Soc. 

HgSO^ for 48 hours. 

to 

256*7° 

-166-6° in dil. 

HCI. 

“ 139*3° in alco¬ 
hol-chloroform. 

chim. 1919, 
[iv], 25, 574. 

)9-Cinchonidine 

Heating with 3 parts HCI 
(sp.gr. M25) at 140°-150° 
for 6-10 hours. 

206° 

to 

207° 

-181*4° in dil. 

HCI. 

Hesse {l.c.). 

)9-Cinchonidine 

From iodohydrocinchoni- 
dine and alcoholic KOH. 

244° 

— 171-5° in alcohol. 

Neumann, Mon- 
atsh. 1892,13, 
655. 

Leger, Bull. Soc. 

^-Cinchonidine 

Boiling wdth 4 parts of 50% 

240° 

— 126-6° in alcohol. 

H 2 SO 4 for 48 hours. 

to 

241° 

-181*5° in dil. 

HCI. 

chim. 1919, 
|iv], 25, 573. 

y-Cinchonidine 

From iodohydrocinchoni- 
dine ami aIcolu)lic 

AgNOg. 

238° 

— 164-6° in alcohol. 

Neumann, Mon- 
atsh. 1892,13, 
659. 

teVoCinchonidino 

Solution in cold cone. 

H2SO4. 

235° 


Hesse, Annalen, 
1888,243,149. 

tifoCinchonidino 

Heating with 6 vols. of 
25 A-H 2 SO 4 at 100 ° for 

2 hours. 

252° 

— 128° in alcohol- 
chloroform. 

Paneth, Mon- 
atsh. 1911,32, 
259, 269. 


acid is shaken with iron filings (17 g.) for 72 
hours. 1 ’ht; product crystallises from ligroin, 
has m.p. 60°-62^ and [a]]^ -29-9° (c-2'006 in 
99% alcohol); or —19’7" in chloroform. On 
treatment with alcoholic potash it givc's rise to 
cinchene (.vec under cinchonine) (Koenigs, Bor. 
1896, 29, 873; Kaho et al, Annalen, 1910, 373, 
106). 

Cinchote nid f/ic, 

C9H6N-~CH(0H)—C7H11N—CO2H, 

and formic acid are formed when einchonidine is 
oxidised with potassium permanganate (Skraup 
and Vortmann, Annalen, 1879, 197, 235; Hesse, 
Ber. 1881, 14, 1892). It crystallises from 

alcohol in feathery crystals, or from water in 
monoclinic prisms containing SHgO. It has 
m.p. aoe” (decomp.), -201-4° in 

water containing 3 equivalents of HCI), is 
sparingly soluble in cold water, readily so in 
hot, and dissolves in 600 parts of boiling alcohol. 
It is soluble in acids as well as in caustic alkalis 
and is precipitated from the latter by carbon 
dioxide. Cinchotenidine is non-fluorescent. 

Cinchonine, C 19 H 22 ON 2 , was first isolated in 
the pure condition by Pelletier and Caventou 
(Ann. Chim. 1820, 16, 295). It occurs in all 
cinchona barks, one of the best sources being 
Cinchona Micrantha, For purposes of quinine 
manufacture it ranks as a by-product and can be 
readily obtained from the crude mother-liquors 
from which quinine sulphate has been crystallised, 
by taking advantage of its sparing solubility in 
ether and in alcohol. The einchonidine is first 
removed as tartrate, the mixed residual bases 
treated repeatedly with alcohol or ether, and the 
insoluble cinchonine either recrystallised from 


boiling alcohol or converted into siil})hatc and 
recrystalliscd from water. The cinchonine is 
finally recrystallised from alcohol several times 
to remove traces of quinidine. The alkaloid so 
prepared (adaptation of a method given by 
Hesse, Annalen, 1862, 122, 227) contains about 
15% of hydrocinchonine which can be removed 
by fractional crystallisation of the dihydro¬ 
bromides, cinchonine dihydrobromidc being the 
more soluble component (Buttle, Henry and 
Trevan, Biochern. J. 1934, 28, 437) or by Thron 
and DirscherFs method (Annalen, 1935, 515, 
252). Although the correct empirical formula 
was given by Laurent in 1848 (Ann. Chim. 1848, 
19, 365), the formula, C 20 H 24 ON 2 , proposed by 
Regnault in 1838 (Annalen, 1838, 26, 15) was 
current until 1879 when Skraup (Annalen, 

1879, 197, 353) finally showed that Laurent’s 
formula must be adopted. Cinchonine crystal¬ 
lises from alcohol or from ether in prisms, the 
recorded melting-point is very variable, and 
depends on the rate of heating (Hesse, Annalen, 

1880, 205, 213, footnote); it is given as 255-4° 
(Lenz, Z. anal. Chem. 1888, 27, 572), 254° 
(Buttle, Henry and Trevan, l.c.)^ 264*3° 
(Jungfleisch and Leger, Compt. rend. 1901, 132, 
830), and 268*8° (Skraup, Annalen, 1879, 197, 
365). It is dextrorotatory, the mean of several 
published values being [ajp -4 225° in alcohol. 
The addition of chloroform, which enables a 
stronger solution to bo made, raises the specific 
rotation (+234°). An Jf/40 solution in 
O-liV-HiSO, shows [a]Jf 4 263-7°. Cinchonine 
is soluble in 3,810 parts of water at 10°, 3,670 at 
20°, and 2,500 at 100°; it dissolves in 115 parts 
of alcohol at 17°, but in 28 parts of the boiling 
solvent; in 370 parts of cold ether (sp.gr. 0*73), 
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and in 18 parts of a mixture of alcohol (4) and 
chloroform (1), although its solubility in chloro¬ 
form alone is only about one-third of that in 
alcohol. Cinchonine is fairly soluble in boiling 
amyl alcohol and in hot, but not cold, benzene. 
The addition of alkalis to aqueous solutions of 
cinchonine salts produces an amorjdious pre¬ 
cipitate which gradually becomes crystalline, 
and which is stated to be more easily soluble in 
solvents than the crystalline form. Cinchonine 
begins to sublime at about 220° and bods with 
some decomposition above its melting-point; 
in a vacuum, however, it is volatile unchanged. 
It is non-fluorescent and does not give the 
thalleioquin reaction. Unlike cinchonidine, it 
forms a soluble tartrate. Like quinine, cin¬ 
chonine is bitter to the taste. Although cin¬ 
chonine is a fairly strong diacidic base, aqueous 
solutions of its salts are liable to hydrolyse and to 
deposit the base. On oxidation with potassium 
permanganate it gives rise to cinchotenine, 
and with chromic acid it furnishes cinchoninone, 
cinchoninic acid, meroquinene, cincholoiponic 
acid, and loiponic acid (for fuller descriptions of 
these products of oxidation, see below). On 
catalytic hydrogenation, hydrocinchonino {q.v.) 
is formed, while lieating the acid sulphate with a 
little water at 140°, or boiling a solution of 
cinchonine in dilute acetic acid, gives rise to 
cincliotoxino (cinchonicine) {see below). With 
strong mineral acids various addition and trans¬ 
formation products are formed ; and with amyl 
alcoholic potash cinchonine enters into dynamic 
equilibrium with cpicinchonine, cpicinchonidinc, 
and cinchonidine. 

Ci'tichonine Sulphate, B 2 *H 2 S 04 , 2 Hjj 0 , 
crystallises from water in the form of hard, 
transparent prisms, which become anhydrous at 
100 °, and then have m.p. 200° {decomp.). 
It is readily soluble in alcohol, less so in water 
(70 parts cold, 13 parts at 100°), and dissolves in 
chloroform to about the same extent as in water 
(distinction from quinine and cinchonidine). 
The salt dissolves in 2,300 parts of ether at 25°. 
In 97% alcohol it shows [a]j, 193-3°—0*374c, 

where c^grams of base in 100 c.c. The optical 
rotation in chloroform is -f 133°. 

Cinchonine Acid Sulpfuite, B’H 2 S 04 , 4 H 20 , 
large, colourless prisms, is difficult to crystallise, 
being very soluble both in water and in alcohol. 

Ciji chonine Hydrochloride, B • H C1,2 H gO, 

crystallises from water in efflorescent prismatic 
crystals, which (iontain only 1 HgO when dried 
in the air. The anhydrous salt melts at 217°- 
218° {decomp.) (Heidelberger and Jacobs, ] 
J. Amer. Chem. Soc. 1919, 41, 819). It has j 
+177-4° (c=1-083 anhydrous salt ini 
water) ; [a]“ +133-6° (c=l-407 in chloroform); 
[a]" +166-5° (2-425C in water) +214° (l-72c 
in water containing 2 equivalents of HCI) 
+ 172-7° (c-1 in 97% alcohol), and +163-6° (c- 
10 in 97% alcohol). The salt is soluble in the 
cold in 22 parts of water, in 1 part of alcohol, 
and 290 parts of ether. It also dissolves in 
chloroform. 

Among other salts of cinchonine may be men¬ 
tioned the dihydrochloride, hydrobromide, 
dihydrobromide, hydriodide, dihydriodide, 
hydriodate, nitrate, oxalate, d-tartrate, and 


bitartrate, 1-bitartrate, benzoate, two citrates, 
salicylate, succinate and thiocyanate. A 
number of double compounds with metallic 
salts are known. 

Cinchonine Melhiodide, 

CyH^jN—CH(OH)—C^Hi^NCCHaO—CH-CH2, 

is formed with a little difficulty from the com- 
y)onents and melts at 254° (Claus and Muller, 
Her. 1880, 13, 2290, footnote). 

I Cinchonine Ethiodide, 

CgHgN—CH(OH)—C7HjiN(C2H5l)—CH -CHg, 

is prepared by the gradual addition of ethyl 
iodide to a boiling solution of cinchonine in 
alcohol in the dark. It crystallises from water 
in white, silky anhydrous needles, decomp. 260° 
(Claus and Komperdick, Eer. 1880, 13, 2286). 
I.somcric Cinchonine Ethiodide, 

C8HgN(C2H5l)—CH(OH)—C7H11N—CH -CHg, 

is made by heating 40 parts of cinchonine 
hydriodide with 15 parts of alcohol and 15 parts 
of ethyl iodide for 2 hours under pressure. 
The product (base) crystallises from water in 
orange needles, and from alcohol in orange 
prisms, m.]). 184° {indef.) (8kraup aiid von 
Norwall, Monatsh. 1894, 15, 40). It is oxidised 
with potassium permanganate to the ethiodide 
of cinchoninic acid (Skraup, ibid. 433), and 
with a further molecule of ethyl iodide readily 
gives cinchonine diethiodide, 

CyHflNiqH^O-CHCOH)—C7HiiN(C2H5l) -CH-CHg, 

also formc-d from the white monoethiodide, or 
from cinchonine, by heating at 150° with ethyl 
iodide in a sealed tube. It crystallises from 
water in large, dark yellow prisms vith 1 HgO, 
decomp. 264°. It is readily soluble in water, 
and less soluble in ah^ohol than the white mono¬ 
ethiodide (Claus and Keinperdick, Ecr. 1880, 13, 
2288). 

xicetylcinchoni ne, 

CoHgN—CH(0- COCH3y~C7HiiN—CH -CHg, 

results from the action of acetic anhydride at 
60°-80° for 2 hours. Amorphous powder 
(Hesse, Annalen, 1880, 205, 321 ; Hilditch, 
J.C.fS. 1911, 99, 238 ; Heckles, Hec. trav. chim. 
1923, 42, 71). 

Benzoylci nchon ine, 

CyHgN-CH( 0 —COCeH^)—C7H14N—CH - CHg, 

is prepared by the action of excess of benzoyl 
chloride on cinchonine. It crystallises in prisms 
from other and melts at 106°-107° (Leger, Bull. 
Soc. chim. 1893, 9, 714 ; see also Skraup, 
Monatsh. 1895, 16, 163, and Seekles, Re(;. trav. 
chim. 1923, 42, 71). 

a-Chlorohydrocinchonine, better a-chloro- 
dihydrocinchonine (component of “ hydro- 
chlorocinchonino ”), 

CgHgN—CH(OHf-C7HiiN—CHCI—CH3, 
is isolated as the dihydrochloride from the 
products of the reaction of concentrated hydro¬ 
chloric acid and cinchonine (Goodson, J.C.S. 
1935, 1096). The base crystallises from alcohol 
in needles, has m.p. 236° {decomp.) and [a]^® 
+226-0° (c=0-5 in A-HCI). The dihydro¬ 
chloride melts at 283°. 
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The mother-liquors from the crude dihydro- 
chlorido contain a -chlorohydrocinchoninef which 
is epimeric with the a-derivative at the carbon 
atom carrying the chlorine atom. It is purified 
in the form of its tartrate, which is crystallised 
from methyl alcohol. The base, which crystal¬ 
lises from alcohol in minute needles, has m.p. 
223° {(ieconvp.), and [a]J^ +176-0° (c-0-5 in 
A-HCI). The dihydrochloride melts at 276° 
{decomp.) and the tartrate, which crystallises 
from methyl alcohol with 2 H 2 O melts, when 
anhydrous, at 212 ° {decomp.). 

Bromohydrocinchonine^ better bromodihydro- 
cinchonine (hydrobromocinchonine), 

CfcHgN—CH(OH>—C^HjiN—CHBr—CH3, 

first prepared from cinchonine by 8 kraup 
(Annalen, 1880, 201, 324) and Comstock and 
Koenigs (Her. 1887, 20, 2520), is obtained 
from cinchonine or a- or )9-i50cinchonine, alio- 
cinchonine, or a- or ^-hydroxyhydrocinchonino 
by heating with 10 parts of 50% hydrobromic 
acid at 100° (Skraup, Copony and Medanich, 
Monatsh. 1900, 21, 512 ; Zw crger, ibid. 1903, 24, 
119 ; Loger, Bull. 80 c. chim. 1918, [ivj, 23, 133, 
328; 1919, [iv], 25, 260). The base has m.p. 185°; 
the dihydrobromide crystallises from dilute hy¬ 
drobromic acid in colourless prisms, m.p. 242°- 
243° (Zwerger), [a]J/ + 149-1° (c=-1-989 in water) 
(Leger). The French author also mentions a 
stercoisomeric bromohydro-compound, 

+ 127-3°. 

a-lodohydrocinchonine (hydroiodocinchonine), 
Ct,HeN—CH(OH)—C-HjiN—CHI—CH3, 

is formed in predominating proportion when 
cinchonine or a-i< 9 ocinchonine is heated at 100 ° 
with hydriodic acid (sp.gr. 1-7). The base, 
microscopic colourless leaflets, has m.p. 153°- 
156° {decornp.). The hydrochloride has [ajj, 
+ 189-2° (I.eger, ibid., 1918, [iv], 23, 240). 

a -lodohydrocinchonine { hydroiodoapocinchon- 
ine) is the epimeride of the preceding substance 
at the iodine-carbon atom, and is formed from 
a/Zocinchonine and ^-isovinchonine. Its hydro¬ 
chloride has [a]D +170-5° (Leger, l.c.). 

a-isoCinchonme (cinchoniline), 

CyHgN—CH( 0 >—C7H11N—CH—CH3, 

is obtained by boiling cinchonine with four 
times its weight of 50% sulphuric acid (Jung- 
fleisch and Leger, Compt. rend. 1887, 105, 
1255 ; 1888,106,68,657 ; 1891,113,651 ; Ann. 
Chim. 1920, 14, 62, 129 et seq. ; Hesse, Annalen, 
1888, 243, 147 ; 1890, 260, 213). It can also be 
prepared in a variety of other ways, such as 
heating cinchonine with hydrochloric acid 
(Hesse, ibid. 1893, 276, 91), or, best perhaps, 
by removal of hydrogen halide from halogeno- 
hydrocinchoriine by means of alcoholic potash 
(Comstock and Koenigs, Ber. 1887, 20, 2521 ; 
Skraup, Monatsh. 1891, 12, 431 ; 1899, 20, 
585 ; Ber. 1892, 25, 2909 ; Jungfleisch and 
L^gcr, Compt. rend. 1894, 118, 29). The last 
method is to be preferred on account of yield, 
Hesse (Annalen, 1893, 276, 95) having shown 
that a-j«ocinchonme is converted into the 
jS-isomeride by the action of sulphuric acid. 
a-woCinchonine is, nevertheless, characterised 


by its groat stability (Rabe and Bottoher, Ber. 
1917, 50, 127) ; it can be distilled without 
decomposition. It crystallises from ether in 
colourless anhydrous prisms, m.p. 130-4°, 
+53-1° (c-1 in 97% alcohol), and +62-6° 
in water containing 4 equivalents of HCI. 
It is almost insoluble in water, but dissolves 
readily in alcohol, ether, acetone, benzene or 
chloroform. It is a strong hi tertiary base, 
which is alkaline even to phcnolphthalein. Its 
oxygen atom has the ether function, for it cannot 
be acylated, and docs not react with phenyl- 
hydrazine. The hydrochloride, B-HCljSHgO, 
has m.}). 226°, and [a]},® +5° (C“-l of anhydrous 
salt in water). On heating its atiid sulphate to 
140°, a-i,socinchonine undergoes the “ l^asteur ” 
reaction (Skraup and Zwerger, Monatsh. 19(X), 
21, 535 ; Kaas, ibid. 1905, 26, 119) giving rise to 
“ a-nso- 0 -cinchonicine,” which, in the light of 
the researches of Suszko and his collaborators on 
the Lwquinidines, must be formulated as 

CHa—CH,. 

C.H.N - C( 0 )-CH—CHo—CH. ^ NH 

" “ I CH~CH.^ 

1-c!h—CH3 

{see Dubas, Konopnicki and Suszko, Kocz. 
Chern. 1933, 13, 464). On boiling with dilute 
acetic ac-id, a-isocinchonine is converted into 
hy droxy hy tlroci n eh otoxine, 

CHa.. 

CaH.N—CO~CK~ CH„—CHC" '^NH 

I 

CH(OH)—CH3 

(Rabe and Bottcher, l.c.). 

P-moCivchonine (cinchonigine), a stereoiao- 
meride of the preceding substance, is probably 
epimeric with it at carbon atom “ 5 ” {see section 
5d, p. 149c) and is usually formed side by side with 
it, as well as from it by the action of sulphuric acid 
{see references above, and Jungfleisch and L 6 ger, 
Compt. rend. 1888, 106, 357; Ann. Chim. 1920, 
14, 105 et seq.; Hesse, Annalen, 1893, 276, 88 ; 
.Skraup, Monatsh. 1899, 20, 571; 1900, 21, 512). 
It is even more stable than a-wocinchonine. 
It exhibits dimorphism and separates from 
ether in transparent anhydrous crystals, 
belonging either to the orthorhombic or clino- 
rhombic systems. The two forms are reversibly 
interconvertible. j 8 -i«oCinchonine has m.p. 
130-7°, [a]” -60-1° (c-1 in 97% aloohol), and 
—36° in water containing 4 equivalents of HCI. 
It is almost insoluble in water, but readily soluble 
in most organic solvents including ether. It is a 
strong bitertiary base, but weaker than its 
a-isomeride, being alkaline to litmus, but not to 
phcnolphthalein. It contains no hydroxyl or 
keto-group. The hydrochloride melts at 213°, 
and is soluble in about 50 parts of cold water ; 
[a]JJ —65-2° (c=^^l, anhydrous salt, water). On 
heating its acid suljjhate to 140° jS-i^ocinchonine, 
like the a-isomeride, undergoes the “ Pasteur ” 
reaction (Skraup, Copony, and Medanich, 
Monatsh. 1900, 21, 512 ; Kaas, ibid. 1904, 25, 
1145 ; 1905, 26, 119) giving rise to '' p-iso-tp- 
cinchonicine.” The same substance is also 
obtained by the isomerisation of cinchotoxine 
(oxalate) by means of concentrated sulphuric 
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acid at 100° (Skraup and Egerer, ibid. 1903, 24, 
669). 

sMoCinchoninc (apocinchonine, p^cwdocinchon- 
ine), 

CpH^N—CH(OH)~C<jH,oN> C-CH—CH^, 
is an isoineride of the preceding two substanf'es, 
and is usually formed along with them. It is 
a bitertiary base, forms acyl derivatives and 
adds the elements of hydrogen halide, giving 
rise to a small proportion of the same sub¬ 
stances, which, under like eonditions, are formed 
from cinchonine : the greater proportion of the 
resulting halogen derivatives are the same as 
those produced from j3-t.socinchonine. It crystal¬ 
lises from alcohol, has m.p. 216°--218° and 
-f 150° (c=l in alcohol). It is characterised by 
the sparing solubility of the base in ether, and 
of the neutral sul})hate in water (Jungfleisch 
and L^ger, Ann. Chim. 1920, 14, 145 ct seq.y in 
which are further references to af/ocinchonine). 
Although a geometrical isomeride of a//ocinchon- 
ine is unknown, a base, m.p, 232°-234°, not 
identified with certainty, by Jungfleisch and 
Lcger {ibid. 181), probably constitutes the 
missing substance. 

a-llydroxyhydrorinchoni'ney better a-hydroxy- 
dihydrocinchonine, 

CaHgN—CH(OH>—C-HjiN—CH(OH)—CHg, 

is formed together with the preceding substances 
when cinchonine is heated with 50% sulphuric 
acid (Jungfleiscb and Lcger, Compt, rend. 1887, 
105, 1255; 1888, 106, 68 ; 1889, 108, 952; 
Ann. Chim. 1920, 14, 71 et seq .; Leger, Compt. 
rend. 1918, 166, 903 ; 1919, 168, 404). It 

crystallises in colourless prisms, m.p. 252° 
(decomp.), + 182 0° (c-l in 97% alcohol). It 
is characterised by ii.s sparing solubility in ether 
and ready solubility in 50% alcohol. It is 
almost insoluble in w ater, but dissolves readily in 
acetone, benzene or chloroform. a-Hydroxy- 
hydrocinchonine gives rise to a diacetyl deriva¬ 
tive. It is a strong bitertiary base alkaline to 
phenolphthalein. The neutral hydrochloride, 
B-HCI.HjO, has m.p. 230° and +174-4° 

in water with 1 equivalent of HCI). The 
salt is very sparingly soluble in water. 

p-Hydroxyhydrocuichoniney better j3-hydroxy- 
dihydrocinchonine, is the epimeride of the 
foregoing substance at carbon atom “5 ” {see sec¬ 
tion 5(Z, p. 149c). The two epimerides are formed 
together {see references above, and Jungfleisch 
and L6ger, Compt. rend. 1894, 119, 1268; 
1919, 168, 404 ; Ann. Chim. 1920, 14, 89 et seq.). 
It crystallises from 90% alcohol in small 
colourless, prismatic needles, m.p. 273° {decom.p.)* 
[a]Jf +187-2° (c-1 in 97% alcohol), or +203-1° 
in water containing 2 equivalents of HCI. 
Although it is insoluble in water, jS-hydroxy- 
hydrocinchonine is not immediately precipitated 
by alkalis from aqueous solutions of its salts, 
but separates in a fine mass of needles after some 
hours. It is readily soluble in alcohol, but not in 
acetone. It has a low solubility in chloroform, 
although this solvent will take up a good deal of 
the base at the moment of precipitation from its 
salts ; the greater part of the alkaloid is soon 
deposited in the crystalline state. Like the a- 


epimeride it forms a diacetyl derivative, and is 
alkaline to phenolphthalein. A number of salts 
have been described. 

a- and P-CinchonhydrinCy components of 
“ S-cinchonine,” are substances of disputed con¬ 
stitution, the formulae in question being 

^ 18 ^ 22 ^^ 2 * ^ 10 ^ 24 ^^ 2 » ^ 19 ^ 22 ^^ 2 - 

They are formed together with the cinchonine 
isomerides described above, when bromohydro- 
cinchonine base is heated with dilute alcohol, or 
wdth alcoholic potash (Jungfleisch and Leger, 
Compt. rend. 1894, 118, 29 ; Ann. Chim. 1920, 
14, 158, 162, 165 ; Leger, Compt. rend. 1919, 
169, 797 ; Cordier von Lowenhaupt, Monatsh. 
1898, 19, 472; von Arlt, ibid. 1899, 20, 440; 
Langer, ibid. 1901, 22, 157). The a-isomeride 
crystallises from ether in prisms, m.p. 144-4°, 
[a]J® +195-8° (c—1 in w^ater containing 2 equi¬ 
valents of HCI), or +139-8° in alcohol. The 
/S-isomeride is similar. It crystallises from 
ether in juismatic needles, m.p. 155-8°, [a]^ 
+ 106° (c—1 in water containing 2 equivalents 
of HCI), or -f72-2° in alcohol. The cinehon- 
hydrines are said to be the analogues of niquine 
{see nnder Quinine), and to be tertiary¬ 
secondary bases ; they form diacetyl-deriva¬ 
tives. 

A number of other “ transformation products ” 
of cinchonine are described in the literature. 
Most of these, if not all, can be ignored ; some 
are identical with, or are impure forms of, one 
or other of the substances described above ; 
many are obvious mixtures of one or more of the 
authentic compounds w ith one another, or with 
hydrocinchonine (derived from commercial 
cinchonine). For a valuable summary of the 
position in 1899, w hich is still largely valid owdng 
to the fact that most of these spurious isomerides 
had been prepared before that time, sec Skraup, 
Monatsh. 1899, 20, 571. 

Cinchotoxme (cinchonicinc), 

CftHgN—CO—CHg—CHg—qHjN—CH-CHj,, 

occurs in commercial quinoidine, the question 
of its pre-existence in the bark being in dispute. 
It is best obtained artificially from (inchonine or 
cinehonidine, either by melting (or heating with 
glycerol at 210°) the acid sulphato or tartrate, 
of either base, or, best perhaps, by the “ wet ” 
process of von Miller and Rohde (Ber. 1895, 28, 
1064), in w hich cinchonine is boiled with 14 parts 
of 7% acetic acid for 33 hours. Cinchotoxine 
crystallises from absolute ether at 0° in long, 
thin prisms, m.p. 58°-59°, [ajj, +46-5° in 
chloroform (c—2), +47-2° (Howard and Chick, 
V. infra), and +57-7° (Roques, tK infra), in 
alcohol; +35-6° (c~l in water containing 4 
equivalents of HCI). It is readily soluble in 
ether (2 parts), alcohol, benzene or chloroform, 
less so in petroleum ; it dissolves in 564 
parts of water at 18°, but is more soluble in 
aqueous solutions of ammonium salts, from wdiich 
it expels ammonia ; it is a strong base which 
absorbs carbon dioxide from the air. OhuLo- 
toxine forms a crystalline hydriodide, oxalate, 
tartrate, nitrate (m.p. 160°), and double 

salts with zinc, cadmium, and platinic chlorides. 
Cinchotoxine is a tertiary-secondary base, which 
forms crystalline alkylhalides. It is a ketone. 
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forming a yellow phenylhydrazone, m.p. 148°, 
from a mixture of alcohol and light petroleum. 
Cinchotoxino is non-fluorescent and docs not 
respond to the thaUeioquin reaction, but gives a 
magnificent purple coloration with diazobenzene- 
sulphonio a(;id in presence of alkali. It reacts 
with amyl nitrite in presc'iico of sodium ethoxido 
to form an i^^onitroso- derivative, and with 
nitrous acid gives a nitrosamine (N-nitroso- 
dcrivative). (>SVf Pasteur, Compt. rend. 1853, 37, 
110 ; Hesse, Annalen, 1868, 147, 241 ; 187,3, 
166, 277; 1875, 178, 253 ; Howard, J.C.S. 
1872, 25, 101; Howard and Chick, J.S.C.I. 1909, 
28, ,55; Koqnes, liidl. Soc. chim. 1895, [iiij, 13, 
1005; Ann. Chim. 1897, 10, 234). 

ejiiCinchoniney ^19^220^2’ is epimeric with 
cinchonine about the carbinol (CHOH) group. 
It is obtained by reducing cinchoninone (100 g.), 
dissolved in a solution of sodium ethoxide (Na 
84 g. in alcohol 2,280 c.c.), with aluminium 
powder (84 g.). The cpM inchonine is isolated from 
the ether-soluble fraction of the stereoisornerides 
formed, with the aid of tartaric, dibenzoyl-, and 
dianisoyl- tartaric acids. It crystallises from 
ether in long, colourless prisms, pointed at their 
ends, m.p. 82°-83‘’, La]p +12()-;r (c- 0-8064 in 
alcohol). It is non-fluorescent, and very soluble 
in all th('> usual organic solvents (Rabo and 
others, Annalen, 1932, 492, 253). 

Cinchoninone^ 

CgH<jN—CO--C7H11N—CH-CHj, 

is obtained in very low yield by the gentle 
oxidation of cinchonine or cinchonidine with 
chromic acid (Rabe, Ber. 1907, 40, 3655; 
1908, 41, 62 ; Annalen, 1909, 364, 338). It is 
best prepared indirec^tly from cinchotoxino. 
The toxine (58 g.) in cold A-hyclrochloric acid 
(200 C.C.), covered with a layer of ether an<l well 
stirred, is first N-brominated by introducing 
in a thin stream a cold solution of bromine 
(32 g.) in 6% sodium hydroxide solution (400 g.) 
\i.e. NaOBr). The N-bromotoxino (m.p. 1,53°) 
crystallises from ether, and is converted to 
cinchoninone by treating a hot solution of 1 g. in 
25 c.c. of alcohol with ,3 c.c. of a <;old sodium 
ethoxide solution containing Na 0*15 g. (Rabe, 
Ber. 1911, 44, 2089). Cinchoninone crystallises 
from ether or from 50% alcohol in well-defined, 
faintly yellow jmsms, m.p. 126°-127°. It 
exhibits mutarotation, the final values being 
[a]“ +76-1“ (c=3-302in99% alcohol), and [a]“ 
H-74*7° (c~3'305 in benzene) (Rabe and others, 
Annalen, 1910, 373, 110 ). Cinchoninone is 
readily soluble in alcohol, ether, benzene or 
chloroform, but not in water, and sparingly 
soluble in light petroleum. It dissolves slightly 
with a yellow colour in aqueous alkalis (enolisa- 
tion). The hydrochloride (m.p. 252°“253°) is 
very soluble in water. The initial values of the 
optical rotation of this salt depend on whether 
it has been prepared from a fresh or stale 
solution of the base ; the final values, however, 
are the same : -f 166-6° (c=l-656 in 

chloroform) and 4-66-4° in water (Rabe and 
others, l.c.). Cinchoninone forms an amorphous 
oxime, and a benzoyl-derivative (derived from 
the enol-form), which crystallises from petroleum 
(b.p. over 80°) in white needles, m.p. 133°. On 


reduction in a suitable manner, cinchoninone 
gives rise to cinchonine, epicinchonine, cpi- 
cinchonidine, and cinchonidine. 

Cinchonine Chloride^ 

CgHgN—CHCI~C7 HiiN--CH-CH2, 

is prepared by treating dry cinchonine liydro- 
chlorido (33 g.) in chloroform (300 c.c.) with 
phosphorus pontachloride (50 g.) in the cold 
(Rabe and others, Annalen, 1910, 373, 101). 
The product (m.p. 72°) crystallises from ether 
or from aqueous alcohol with 2 H 2 O, which 
is lost over sulphuric acid : the anhydrous base 
then melts at 110°, and has 4 55-7° (c= 

1-975 in 99% alcohol), and 4-62-2° (c-2-007 in 
chloroform). It is readily soluble in most 
organic solvents, but not in water (Koenigs, 
Bor. 1880, 13, 286). Its hydrochloride has [a]'^^ 
4-49-5° (c= 1-5555 in water). 

Desoxyci nchonine^ 

CoHgN—CHg—C7H11N—CH-CHg, 

is made by reducing cinchonine chloride dis¬ 
solved in 20 parts of 10% sulphuric acid, with 
1 ^ parts of iron filings at room temperature for 
72 hours. 3'ho desoxy-base crystallises from 
light petroleum, has m.p. 91°, and 4 179-3° 
(c=2-025 in 99% alcohol), and -f 194-3° in chloro¬ 
form (Rabe and others, Annalen, 1910, 373, 105, 
106). 

Cinchene^ 

CgHgN—CH-C <CoHioN ~CH CHg, 

is formed when cinchonine or cinchonidine 
chloride is boiled with alcoholic potash. It 
crystallises from light petroleum in colourless 
leaflets, m.p. ]23°-125°, and is dextrorotatory. 
It can be distilled without decomposition 
(Koenigs, Ber. 1881, 14, 1854; Koenigs and 
Comstock, ibid. 1885, 18, 1219; Koenigs, ibid. 
1895, 28, 3146). 

apof7inc/ienc, 4-(6-hydroxy-3;4-diethyl- 

phenyl)-quinoline, 

C,H,N-CeH,(OH)(CjH5), 

(Kenner and Statham, J.C.S. 1935, 299), is 
obtained by heating cinchene with hydrobromic 
acid (sp.gr. 1-49) at 180° under pressure for 6 to 8 
hours (Koenigs, Ber. 1881, 14, 1854; Koenigs 
and Comstock, ibid. 1885, 18, 1226). It crystal¬ 
lises from alcohol, and melts at 209°-2l0°. Salts 
and others of apocinchene are known (see 
Comstock and Koenigs, ibid. 1885, 18, 2379 ; 
1887, 20, 2674 ; Koenigs, J. pr. Chem. 1900, 
[ii], 61, 1). 

Cinchoninaly 

C 9 HaN~CH(OH)—C7H11N—CH = 0 , 

and its acyl (acetyl and benzoyl) derivatives, 

CgHeN—CH( 0 —COR)-~C 7 HiiN—CH-O, 

are obtained from cinchonine and from its acyl 
derivatives by the action of ozone in cold 
chloroform solution. The resulting ozonides 
furnish on hydrolysis [formaldehyde], hydrogen 
peroxide, and the aldehydic substances in 
question. The latter are amorphous. Cinchon- 
inal has [a]j) -f 100-5° in chloroform ; the 
acetyl-derivative has [ajp 4-28-2°, and the 
benzoyl-derivative —72-4° (Seekles, Rec. trav, 
chim. 1923, 42, 69). 
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Cinchotenine^ 

CgH^N—CH (OH)—C^HjiN^COaH, 

is obtained l)y oxidising a cooled solution of 
cinchonine in dilute sulphuric acid with potas¬ 
sium permanganate. It crystallises from w'ater 
with SHgO, m.p. 197^-198^ [a]Jf +115-5° 
{c--2 of trihydrate in a mixture of 2 vols. 
chloroform and 1 vol. alcohol), -j-175-5° in dilute 
sulphuric acid (Hesse, Annalen, 1875, 176, 233; 
Skraup, ibid. 1879, 197, 379). Cinchotenine is 
soluble in hot water, but sparingly in alcohol. 
It dissolves readily in dilute acids and caustic j 
alkalis, and is precipitated from the latter by 
carbon dioxide. As an acid, cinchotenine forms 
salts, esters and an acid chloride. Like cin¬ 
chonine it can bo acylated, but does not react 
with the halogens or with their hydracids. 
It is stable to cold permanganate, but is rapidly 
oxidised by the hot reagent. With chromic acid 
the same oxidation products (but no merocpiin- 
eiu^) result as in the like oxidation of cinchonine. 

Cinchoriinic Acid^ quinoline-4-carboxvIic acid, 
CjjHoN—COOH, was first made by Caventou 
and Willrn (Bull. Soc. chim. 1869. [ii], 12, 214) 
by the oxidation of cinchonine with ijotassium 
permanganate. It is the most readily isolated 
of the oxidation products of cinchonine, cin- 
chonidine, their hydro- derivatives, and many of 
the derivatives and degradation j)roduct 8 of 
these. It can be prepared by the oxidation of 
cinchonine with chromic acid (Koenigs, Ber. 
1879, 12, 97) or nitric acid (Claus and MuchaU, 
ibid. 1885, 18, 302) or by oxidation with nitric 
acid of the condensation product of lepidine with 
formaldehyde. It has been synthesised by the 
interaction of isatin w'ith acetaldoxime under the 
agency of 40% potassium hydroxide (Pfitzinger, 
J. pr. Chern. 1902, [ii], 66 , 203 ; cf. Kaufmann, 
and Peyor, Bor. 1912, 45, 1805 ; Thielepape, ibid. 
1938, 71, 387). Cinchoninic acid crystallises 
from water in needles with 1 HgO, or in prisms 
with 2 H 2 O, depending on the conditions, 
and becomes anhydrous at 100°. It has m.p 
253°-254°, is insoluble in ether, and sparingly 
soluble in water and in alcohol. 

Lepidine, 4-methylquinoIine, CgHgN—CH 3 , 
was first isolated from the products of dry dis¬ 
tillation of cinchonine with potash (Grevillo 
Williams, 1855), and has been synthesised by 
heating on the water-bath a mixture of equi- 
molecular parts of aniline, acetone, and methylal 
(or formaldehyde) saturated with hydrogen 
chloride (C. Beyer, J. pr. Chem. 1886, [ii], 33, 
418). Lepidine can be prepared by heating 
hydrocinchene or cinchene with 25% phosphoric 
acid at 170°-180° (Koenigs, Ber. 1894, 27, 1601 ; 
1890, 23, 2677). Lepidine is a hygroscopic, 
sternutatory oil, b.p. 264-2°/760 mm., which 
solidifies on cooling and then melts at 9 °- 10 °. 

It is sparingly soluble in water and is volatile in 
steam. 

Oximinovinylquinuclidine, vinylquinuclidone- 
oxime, HO—N = C <C6 HioN—CH=CH2, is 
formed together with cinchoninic acid from 
cinchoninone (or with quininic acid from 
quininone), when these ketones, dissolved in 
cold alcoholic sodium ethoxide, are treated 
with a little more than one molecular proportion 
of amyl nitrite. It crystallises from a mixture 1 


I of ether and light petroleum (b.p. 40°) in w hite 
I needles, or from ethyl acetate in colourless 
prisms, m.p. 146°-147°. The oxime is readily 
soluble in water, alcohol and benzene, fairly 
soluble in etlier and ethyl acetate, and sparingly 
soluble in ligiit petroleum. It is volatile in 
steam, and sublimes below its melting-point. 
On hydrolysis with hydrochloric acid, the 
bieyclic system undergoes rupture, and there 
are formed hydroxylamine and mcrociuinene 
(Babe, Ber. 1908, 41, 68 ; Annalen, 1909, 
365, 361). 

Meroqtiinene, 3-vinylpiperidinc-4-acetie acid, 

CHg^CH—CsHgN—CHg—COgH, 

is present among the products of oxidation of 
cinchonine, cinchotoxine, and quinine with 
chromic acid (Koenigs, Ber. 1894, 27, 1501 ; 
Annalen, 1906, 347, 196, 198). It is readily 
prepared by heating cinchene or quinene with 
25% phosphoric acid at 170°-180° (Koenigs, 
Ber. 1894, 27, 901, 904 ; Annalen, 1906, 347, 
194, 195). its N-methyl derivative is very 
readily obtained by subjecting i^onitroso-N- 
methylcinchotoxine to the Beckmann rearrange¬ 
ment, when the easily isolable N-mcthylraero- 
quinene-nitrile is formed (Kabo and Ritter, 
Ber. 1905, 38, 2770). From a mixture of methyl 
alcohol and etliyl acetate meroquinene separates 
in almost colourless crystals, m.p. 223°"221°, 
Md +27-6° (c==10 in w^ater). It is very soluble 
in w-ater, very sparingly so in cold ah^ohol, and 
almost insoluble in ethe^r or chloroform, its 
hydrochloride has m.p 146°-148°, and the 
N-nitroso-dcrivativo molts at 67°. On reduction 
with zinc and hydriodic acid, meroquinene is 
converted to cincholoipon {see under Hydro- 
cinchonine, below) (Koenigs, Ber. 1902, 35, 
1350), and on oxidation with cold potassium 
pt^rmanganate in acid solution it gives rise to 
Skraup’s ciucholoiponic acid. Meroquinene is 
an amphoteric substance ; its ethyl ester is a 
strong monoacidic base, while its N-acetyl and 
-nitroso- derivatives are monobasic acids. 

d-p-Cincholoiponic Acid, 3-carboxypiperidino- 
4-acetic acid, HOgC—CgH^N—CHg—COgH, 
results from the oxidation either with potassium 
permanganate or chromic acid or both, of all 
the vinyl-alkaloids, of the toxines and tenines, of 
meroquinene, of cincholoipon, and of numerous 
other transformation and degradation products 
of the cinchona alkaloids (Skraup, Monatsh. 
1888, 9, 783 ; 1889, 10, 39 ; 1895, 16, 175 ; 
1896, 17, 365 ; with Wurstl, ibid. 1899, 10, 
225; with Bum, ibid. 227; Schniderschitsch, 
ibid. 1889, 10, 54, 57; Wurstl, ibid. 67, 70; 
Koenigs, Ber. 1895, 28, 3150 ; Annalen, 1906, 
347, 208). It has been 83 mthe 8 i 8 ed by Wohl, 
Losanitsch and Maag (Ber. 1907, 40, 4698; 
1909, 42, 627). Cincholoiponic acid crystallises 
from water in prisms containing 1 HgO (m.p. 
126°~127°) which is lost at 120°-125°. The 
anhydrous acid melts at 225°-226°, and has 
[a]p +30-1° (c—4 in water). It is very soluble in 
water and readily so in alcoholic hydrogen 
chloride, but it is insoluble in absolute alcohol 
and in ether. Its hydrochloride has m.p. 192°- 
194°, +38° (c=4 in water), and is fairly 

soluble in cold water and in ak^ohol, more 
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sparingly so in hydrochloric; acid. Cincholoiponic 
acid behaves as a monobasic acid, but its N- 
nitroso- and N-acetyl derivatives manifest full 
dibasic properties. On oxidation with cold 
potassium permanganate solution it gives rise to 
loiponic acid. 

Loiponic Acid, piperidine-3:4-dicarboxylic 
acid, C 6 Hj,N(C 02 H) 2 , is obtained as described 
above (Skraup, IVlonatsh. 1896, 17 , 376). It is 
also found in small amount in tlie mother-liquors 
from the cincholoiponic acid obtained by the 
oxidation of cinchonine. Loiponic a<‘id crystal¬ 
lises from water in prisms, m.p. 259°-260". 
It is sparingly soluble in cold water, and dis¬ 
solves in about 20 j)arts of hot water ; it is almost 
insoluble in hot alcohol, readily soluble both in 
acids and in alkalis, and, on titration, behaves 
as a monobasic acid. It forms a nitroso- 
derivative, m.p. 167''-168'^, and its hydro¬ 
chloride (m.p. 216‘"-220'') has [ajj) about -1-12" 
(c==8-33 in water) (Koenigs, Ber. 1897, 30 , 
1330). 

Cinchotine. tSee Hydrocinchoninc, p. 162(i. 

Cinchotoxine. See under Cinchonine, p. 157c. 

Conchairamidine, C 22 H 26 O 4 N 2 , occurs in 
the bark of Bemijia Furdieuna together with 
cin(;honine, cinchonaraine, concuseonine, chair- 
amine, chairamidine, and conchairaminc. It 
was isolated by Hesse (Annalcn, 1884, 225 , 256). 
Kor a scheme of separation the original paper 
should be consulted {ibid. 211 , 218). It is 
obtained as a crystalline sulphate from the 
filtrate remaining after the chairamine has been 
separated as hydrochloride, and the conchair- 
amine as thiocyanate. Conchairamidine 
separates from its solutions as an oil, and this 
gradually crystallises with 1 HgO. The an¬ 
hydrous base has m.p. 114"-115", and [ajjf 
—60° (r=3 in 97% alcohol). It is very soluble 
in alcohol, ether, chloroform, benzene, or acetone. 
It is a weak base, neutral to litmus. Con¬ 
centrated sulphuric acid gives a dark green 
colour. The hydrochloride, B-HCbSHgO, 
sulphate, B 2 -H 2 S 04 , 14 H 20 , and other crystal¬ 
line salts have been described. 

Conchairamine, C 22 H 26 O 4 N 2 , was isolated 
by Hesse (Annalon, 1884, 225 , 246) from the 
mixture of alkaloids occurring in the bark of 
Bemijia Purdieana.AitQv removing concuseonine 
as sulphate, and chairamine as hydrochloride, the 
conchairamine is precipitated by potassium thio¬ 
cyanate. The base crystallises from alcohol in 
thick, colourless prisms, B-HgO CjHgOH, m.p. 
82°-86°. The alcohol of crystallisation is ex¬ 
pelled at 100 °, leaving the monohydrate (m.p. 
108°~110°) which, in its turn, becomes anhydrous 
and amorphous at 115°. The anhydrous form 
melts at about 120°, and has [a]Jj® -f 68-4° (c—2 in 
97% alcohol). An acetic acid solution of con¬ 
chairamine, precipitated with ammonia, yields 
white crystalline flocks of the base, which 
contain 1 HgO, and dehydrate and melt at 110 °, 
It is soluble in chloroform, ether, and hot 
alcohol. A solution in acetic acid gives a dark 
green coloration with concentrated nitric acid, 
and sulphuric acid produces a brown solution 
turning dark green. The base is neutral to 
litmus, but forms well-defined crystalline salts, 
such as the hydrochloride, B’HCI, and sulphate. 


B 2 *H 2 S 04 - 9 H 20 . It forms two methiodides: 
one crystallises with 3 H 2 O and is white; 
the other, yellow, has 1 HgO. 

Concuseonine, C 23 H 26 O 4 N 2 , was isolated as 
the sulphate by Hesse (Annalon, 1884, 225 , 
234) from the alkaloids in the bark of Bemijia 
Furdieana. The base crystallises from alcohol 
in monoclinic needles containing 1 HgO, m.p. 
144° ; on further heating the melt solidifies, 
and re-melts at 2()6°-2()8°, [ajJj® 4-40*8° (c=^-2 of 
the hytlratc in 97% alcohol), but Howard and 
Chick (J.S.C.I. 1909, 28 , 55) record the value 
4-19*57°. Concuseonine is insoluble in water, 
very sparingl}" soluble in cold alcohol, and 
readily soluble in ether or chloroform. A 
solution in acetic or hydrochloric acid gives a 
dark green colour with con(;entrated nitric acid. 
With concentrated sulphuric acid a bluish-green 
colour is produced, turning to olive-green on 
warming. Concuseonine is a weak base, neutral 
to litmus, and its salts are for the most part 
amorphous. It gives rise to two methiodides, 
and contains two methoxyl groups. 

Conquinamine, C 19 H 24 O 2 N 2 , is present to¬ 
gether with quinamine in small quantity in most 
cinchona barks, and w^as first isolated by Hesse 
(Ber. 1877, 10 , 2158). It is found in the 
alcoholic mother-liquors from which quinamine 
has been crystallised, and is isolated by means 
of light petroleum, and i)urified by (jrystallisal ion 
of the nitrate, oxalate, or hydrobromide. It 
crystallises from alcohol in long prisms or 
pyramids, m.p. 123°, [a]^^ -4204*4° (c--l in 
alcohol). It is fairly soluble in alcohol, ether, or 
benzene, but not in 50% alcohol or in water. 
It resembles quinamine in behaviour, and seems 
to be closely related to it, for on melting its 
oxalate, or on heating with hydro(;hloric acid 
(sp.gr. 1*125) quinamioine and apoquinamine are 
formed, which are also obtained from quinamine. 
A number of crystalline salts of conquinamine 
have been described (Hesse, Annalen, 1881, 209 , 
62 ; Oudemans, ibid. 38). 

Conquinine. See Quinidine (p. 169/^). 

Cupreine, C 19 H 22 O 2 N 2 , occurs together with 
other cinchona alkaloids (but not cinchonidine) 
in the so-called “ Cuprea bark ” {Bemijia pedun- 
culata), which is no longer collected com¬ 
mercially, and there being no known way of 
preparing it artificially from other alkaloids, 
cupreine is now unobtainable. It was first 
isolated by Paul and Cownley (Pharm. J. 1884, 
15 , 221, 401) from “ Aomoquinine,” a loose 
compound of quinine and cupreine, at first 
mistaken for a new alkaloid resembling quinine; 
Aomoquinine is claimed to have been discovered 
by Hesse’s assistant, Tod {see Hesse, Ber. 
1882, 15 , 857 ; 1883, 16 , 60), but it was first 
described in the published literature by Paul and 
Cownley (Pharm. J. 1881, 12 , 497). The name 
“ wifraquinine ” was i)ropo8ed for it by Whifl’en 
{ibid. 497) and “ /iomoquinine ” by Howard and 
Hodgkin (i6id. 528; J.C.S. 1882, 41 , 66) ; see also 
Hesse (Annalen, 1884, 225 , 95 ; 1884, 226 , 240; 
1885, 230 , 55). 

Cupreine crystallises from ether in concen¬ 
trically grouped prisms containing 2 H 2 O, 
which can only be expelled at 120°-125°. From 
dilute alcohol it crystallises with l/SHgO, 
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The anhydrous base melts at 198° and has [a]J/ 

— 175-5° (c=l-2 in alcohol). For rotations in 
various alkaline solutions, see Oudemans (Rec. 
trav. chim. 1890, 9, 171). It is readily soluble in 
alcohol, but sparingly so in ether, chloroform, or 
benzene. As a phenol, cupreine dissolves freely 
in aqueous caustic alkalis, from which it 
is reprecipitated by carbon dioxide, but is not 
readily soluble in ammonia. Cupreine is non- 
lluorescent, but gives the thalleioquin reaction, 
and a red-brown coloration with ferric chloride 
solution. Stereochcmically, cupreine is cin- 
chonidine with a hydroxyl group in the 6-posi¬ 
tion of the quinoline nucleus, or the phenol of 
which quinine is the methyl ether, for cupreine 
gives rise to quinine when heated with 1^ 
molecules of methyl nitrate in presence of sodium 
methoxide in a sealed tube at 100° (Grimaux and 
Arnaud, (bmpt. rend. 1891, 112, 774). With 
methyl iodide there are formed cupreine meth- 
iodide, dirnethiodidc, (juinino methiodide or 
diriK'thiodidc, depending on the conditions. 
With hydrochloric, acid it gives rise, like (|uininc, 
to “ n^^oquinine ” {see under Quinine) (Hesse), 
and on catalytic hydrogcnati<.)n to hydrocupreine 
{see under Hydroquinine) (Giemsa and Halber- 
kanri, Her. 1918, 51, 1325). It forms a diacetyl 
derivative. 

The salts of cupreine are colourless, and the 
acid salts atford colourless solutions, but the 
neutral salts dissolve in water with an intense 
yellow colour. The A'a/p/m/c, B 2 'H 2 S 04 , crystal¬ 
lises from water in anhydrous needles (Howard 
and Chick, d.W.C.I. 1909, 28, 55), imp. 257° 
{decornp.) (Giemsa and llalberkann, Z.c.), soluble 
in 813 parts of water at 17°, and in 209 parts 
at 100°. It is also sparingly soluble in alcohol. 
'^I’he acid sulphate, B'H2S04, contains 1 HgO 
according to Hesse, and Howard and Chick, but 
2 H 2 O according to Oudemans (Rec, trav. chim. 
1889, 8, 147) and Giemsa and Halberkann. 
It separates in large, transparent, faintly 
yellow, prismatic plates, —197-9° (c— 

1-1824 in water), and is soluble in about 70 
parts of cold water. A tctrasulphate is also 
known. Cupreine hydrochloride, B-HCl.HgO 
(colourless needles), dissolves in about 50 parts 
of cold water, and has [a]JJ -154-8° to -157-1° 
in water (c-=-0-57 to 0-86), and —167-3° to 

— 169-7° in alcohol (c~ 0-9 to 1-42). For other 
salts the papers of Hesse and of Oudemans 
already cited should be consulted, and for 
physiological action of cupreine see Grimaux 
and Labordc (Compt. rend. Soc. Biol. 1892, 44, 
608). 

The procedure whereby Grimaux and Arnaud 
{lx.) succeeded in methylating cupreine to 
quinine enabled them also to prepare the 
following series of homologues of quinine : 

Quinethyline, C 21 H 26 O 2 N 2 , ethylcupreine, 
(Compt. rend. 1891, 112, 1364), m.p. 160° {dry), 
[a]j) -169-4°. The sulphate, B 2 H 2 S 04 ,H 20 , 
dissolves in 397 parts of water at 15°. According 
to Giemsa and Halberkann (Ber. 1918, 51, 1332) 
the base has m.p. 165°-166°, and -158-9° 
in alcohol. 

Quinpropyline, C 22 H 28 O 2 N 2 , w-propyl- 
cupreine (Grimaux and Arnaud, Compt. rend. 
Vol. III.—11 


1892, 114, 672), m.p. 164° {dry). The sulphate, 
B 2 ‘H 2 S 04,1 JH 2 O, is soluble in 4.54 parts of 
water at 13°. 

Qummopropyline, C 22 H 28 ^ 2 N 2 , /.vopropyl - 
cupreine {ibid.), m.p. 154° ; B 2 -H 2 S 04 ,H 20 , 

dissolves in 367 parts of water at 10°. 

Quinimamyline, C 24 H 32 O 2 N 2 , Moarnyl- 
cuj)reine {ibid.), is amorf)hous, m.p. 107°. 
B 2 H 2 SO 4 is soluble in 4,170 parts of water at 
11-5°. 

Unlike cupreine, the above homologous ethers 
fluoresce in dilute sulphuric acid solution. 
They are said to be more powerfully anti¬ 
pyretic, but more toxic than quinine (Grimaux, 
Laborde and Bourru, Compt. rend. 1894, 118, 
1303). 

Cuscamidine, of undetermined composition, 
occurs in Cusco bark {Cinchona Pelletierana). It 
is amorphous, and is obtained together with 
cuscamine (which it closely resembles) by the 
addition of nitric acid to an acetic acid solution 
of the total alkaloids of the bark. The two 
bases are separated f rom one another as oxalates. 
The salts of cuscamidine are amorphous and are 
more soluble than those of cuscamine (Hesse, 
Annalen, 1880, 200, 304). 

Cuscamine, of undetermined composition, is 
obtained from CJusco bark {see under Cusea- 
midine, above). 1 1 crystallises from alcohol in 
prisms, m.p. 218°, is readily soluble in etluT and 
in hot alcohol, but 8 ])aringly so in (-old alcohol. 
It gives a yellow colour with concentrated 
sulphuric' acid, turning brown on warming ; on 
adding molybdic. acid a bluish-green colour is 
obtained, turning browrj on heating, and violet- 
brown on re-cooling. With nitric acid a yellow 
coloration is obtained. Cuscamine is not a 
strong base, but many salts are known, some of 
which are crystalline (Hesse). 

Cusconidine, of undetermined composition, 
is an amorphous alkaloid occurring in Cusco 
bark {Cinchoyia Pelletierana). It is obtained 
from cusconine mother-li(|uors (^ee below). Its 
salts are amorphous (Hesse, Annalen, 1880, 200, 
303). 

Cusconine, C 23 H 26 O 4 N 2 , occurs in Cusco 
bark and is obtained as sulphate after removing 
the aricine ((/.?;.) as acetate. It was discovered 
by Loverkoehn in 1829. It crystallises from 
ether in white leaflets with 2 H 2 O. The water 
is lost at 100 ° and the dry base has m.p. 110 °, 
[af^ -54-3° (c-2 in 97% alcohol). It dissolves 
in 35 parts of ether at 15°, more easily in alcohol 
or acetone, very readily in chloroform, and is 
insoluble in water. Cusoonino gives the same 
colour reactions with sulphuric acid and with 
ammonium molybdate as does aricine {q.i>.). 
It is a weak base : its salts have an acid reaction, 
and are amorphous (Hesse, Armalen, 1877, 185, 
296). 

Dicinchonine (dicinchonicine), C 3 gH 4402 N 4 , 
has the same empirical composition as cinchon¬ 
ine, and although its molecular weight is half 
that indicated by the formula, Hesse prefers the 
double formula by analogy with diconquinine. 
It occurs in Cinchona rosulenta and in C. 
succirubra together with the other principal 
cinchona alkaloids. Being soluble and amor¬ 
phous it tends to pass into the so-called “ quino- 
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dine” fraction in quinine manufacture, and is 
recovered therefrom as the thio( 5 yanate. It is 
puriiied by crystallisation of the hydrochloride. 
The free base is a yellow amorphous substance, 
m.p. 40°, [a]}f -i 01-7° (C---1-52 in 97% alcohol). 
It is very soluble in alcohol, ether, acetone, 
chloroform, or benzene, but not in alkalis. It 
does not give the thalleioquin reaction. It is a 
strong base, and its hydrochloride^ B-2HCI. 
crystallises well (Hesse, Annalen, 1885, 227, 153). 
On heating with hydrochloric acid, it is <‘onverted 
into the isomeric, amorphous diapocinchonino, 
soluble in ether, alcohol, or chloroform, [a]x) 
H-20° in alcohol (Hesse, Annalen, 1880, 205, 
333). 1 hapocinchonine is a mixture of isomerides 
containing a- and P-isocinchornna (Jungtleisch 
and J..cger, Compt. rend. 1892, 114, 1192 ; 
Hesse, Annalen, 1893, 276, 118). 

Diconquinine (diquinicine), C40^4o03N 

4 * 

the essential constituent of commercial “quinoi- 
dine ” {q.v.)^ is prepared by removing from 
quinoidine the toxines in the form of oxalates. 
A chloroform extract of the residue, a red- 
brown amorphous mass, constitutes “ dicon¬ 
quinine ” (Hesse, Her. 1877, 10, 2155). It is 
dextrorotatory, fluorescent in dilute sulphuric 
acid, and shows the thalleioquin reaction. Its 
salts are amorphous. According to Hesse 
diconquinine is to be considered as derived from 
the condensation of two molecules of con- 
quinine (qiiinidinc) wdth the elimination of one 
molecule of water. There seems to be little 
evidence for this view, and Hesse himself found 
that the molecular weight of diconquinine corre¬ 
sponded to the single (Cgo) formula. 

Hydrocinchonidine (cinchamidine, dihydro- 
cinchonidinc), Cij)H 240 N 2 , was first isolated by 
Forst and Bohringer (Ber. 1881, 14, 1270) 
by oxidising commercial cinchonidine, which 
contains hydrocinchonidine, from Cinchona 
Ledgerianay with cold potassium permanganate 
in acid solution. The cinchonidine being con¬ 
verted to the amphoteric substance cimlioteni- 
dine {see under Cinchonidine), and the hydro¬ 
cinchonidine remaining for the most part 
unchanged, it could be readily isolated. Hydro¬ 
cinchonidine is best prepared by the catalytic 
hydrogenation of cinchonidine, with which it is 
identical except that it contains an ethyl side- 
chain in place of the vinyl group of the latter. 
It is identical with Hesse’s cinchamidine (Ber. 
1881, 14, 1683,) which he isolated from the 
mother-liquors of cinchonidine sulphate. 

Hydrocinchonidine crystallises from hot dilute 
alcohol in hexagonal leaflets, m.p. 229°~230°, 
-98-4° (c-2 in 97% alcohol); -144*6° 
(c™()*735, i.e. an Af/40 solution in 0 *lA^-H 2 SO 4 ) 
(Buttle, Henry and Trevan, Biochem. J. 1934, 
28, 438). It is almost insoluble in water, very 
sparingly soluble in ether and chloroform, and 
more sparingly soluble in alcohol than is cin¬ 
chonidine. It is non-fluorescent and does not 
show the thalleioquin reaction. 

The hydrochloride, B*HCI, 2 H 20 (Hesse, 
Annalen, 1882, 214, 1) has [aJi, -80*4° (c= 
1*19 of hydrated salt in water). It is very 
soluble in water or alcohol. According to Heidel- 
berger and Jacobs (J. Amer. Chem. Soc. 1919, 
41, 821) the salt crystallises from a mixture of 


alcohol, ether and light petroleum in anhydrous, 
microscopic needles and plates, m.p. 202°-203°, 
[a^ —89*4° (c=l*]97 in water), and is readily 
soluble in chloroform, and fairly soluble in 
acetone. 

The sulphatCy B 2 'H 2 S 04 , 7 H 20 , needles, is 
soluble in 57 parts of c’old water. 

Hydrocinchonidine is stable, it is not readily 
oxiflised by potassium permanganate, nor 
isomerised by the action of hot mineral acids, 
but on melting the acid sulphate, hydro- 
cinchotoxine {see under hydrocinchoninc) is 
formed and on heating w it h hydrochloric acid in 
sealed tubes ep/hydrocinchonidino is formed. 
On oxidation with chromic acid it gives rise to 
cinchoninic acid. 

epi IJydroein chon idine, is epi- 

meric wdth hydrocinchonidine about the carbinol 
(CH-OH) group, and is obtained either by the 
catalytic hydrogenation of epicinchonidine, 
or by the catalytic reduction of hydrocinchonin- 
ono or by inversion of hydrocinchonine {q.v.) 
with amyl alcoholic potassium hydroxide (Babe, 
and others, Annalen, 1932, 492, 254, 255, 263). 
It crystallises from ether in colourless needles, 
m.j). 106°, [aj“ +48-3° (c-1-004 in 99% 
alcohol). It is very readily soluble in ether and 
in acetone, and more so than cpihydrocinchon- 
ine. epiHydrocinchonidine was first described, 
but not named, by Vereinigte Chininfabriken, 
Zimmer & Co., G.rn.b.H., in G.P. 330813, 1920. 

Uydrocinchonidi n e Chioride, 

CyHgN—CHCI—C7H11N—C2H5, 

was prepared by Cohen and King (I’roc. Roy. 
>Soc. 1938, B, 125, 54). The hydrochloride 
crystallises from alcohol, m.p. 233°-235° 
{decomp.), +24° (c=0*5 in water). 

Desoxyhydrocincho n idi ne, 

has been made by the catalytic hydrogenation of 
cinchonidine chloride (Cohen and King, Proc. 
Roy. Soc. 1938, B, 125, 56). It has also been 
obtained from epihydrocinchonidine chloride 
by reduction with iron and sulphuric acid (Rabe 
and others, Annalen, 1932, 492, 256), and from 
the hydrazono of hydrocinchoninone by heating 
at 180° with potassium hydroxide {ibid. 263, 
264, 265). In the last preparation a mixture 
of desoxyhydrocinchonidino and desoxyhydro- 
cinchonino (^ee under Hydrocinchonine) is 
formed, the desoxyhydrocinchonidine being 
isolated as the dianisoyltartrate from acetone. 
The base has m.p. 52° {ibid. 256) or 42°-44° {ibid. 
265), and [a]^) —21*2° (c—0*4 or 0*8 in alcohol). 
The hydrochloride, from a mixture of methyl 
alcohol and ether, has m.p. 186°~188°, and 
+ 9*0° (c=l*08 in water), 

Hydrocinchonine (cinchotine, diliydrocin- 
chonine), C 19 H 24 ON 2 , was first isolated from 
Remijia Purdieana by Caventou and Willm 
(Annalen, 1870, Suppl, 7, 247). It occurs in 
most cinchona barks, and is a common com¬ 
ponent of commercial cinchonine, whence Hesse 
obtained it by oxidation with potassium 
permanganate in sulphuric acid solution at 0 ° 
(Annalen, 1873, 166, 256). He therefore re¬ 
garded it as an oxidation product of cinchonine, 
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but Skraup showed later that it pre-exists in the 
“ cinchonine,” and that the effect of the reaction 
with permanganate is to oxidise the latter 
alkaloid, not to hydrocinchonine but to the 
amphoteric substance cinchotenine, and thus to 
facilitate the isolation of the hydrocinchonine 
which is left largely unattached (Annalen, 1879, 
197, 362). Other methods for isolating hydro- 
cinchonine depend on the crystallisation of the 
hydriodidcs (Hesse, Annalen, 1890, 260, 213, 
220; 1898, 300, 45; Pum, Monatsh. 1895, 16, 
70), on heating with dilute sulphuric acid (the 
cirudionine becomes greatly altered, whereas the 
hydro(;inchonine, remaining unchanged, can bo 
readily separated from the resulting mixture) 
(dungfleisch and Lcgor, Bull. Soc. chim. 1888, 49, 
747 ; 1901, 25, 881), on fractional crystallisation 
of the dihydrobromides (Buttle, Henry and 
Trevan, Biochem. J. 1934, 28, 437), and best, 
on the formation of a compound between cin¬ 
chonine, but not hydrocinchonine, and mercuric 
acetate (Thron and Dirscherl, Annalen, 1935, 
515, 252). Hydrocinchonine is most con¬ 

veniently prepared, however, by the catalytic 
hydrogenation of cinchonine, from which it 
diifcrs only in containing an ethyl side-chain 
in place of the vinyl group of the latter. 

Hydrocinchonine crystallises from alcohol in 
j)rismH and scales. Its melting-point is variously 
given between 267° (Buttle, Henry and Trevan, 
l.r.) and 278° (Jungfleisch and l^gcr, lx.). 
Hesse found 268°-269°, and Skraup 277-3° ; 
[all, alcohol, between -f 189-8° (Rabe and 
others, Annalen, 1910, 373, 100) and -f 204-5° 
(Hesse, ibid. 1898, 300, 46) ; [a]i, in aqueous 
acid solution between -f-225-8° (Buttle, et al.) 
and +227-7° (Jungfleisch and Leger). Hydro¬ 
cinchonine dissolves in 1,360 parts of cold water, 
but is more soluble in boiling water. It dissolves 
in 534 parts of ether, or 220 parts of alcohol at 
20 °, and is much less soluble than cinchonine 
in an alcohol-chloroform mixture. 

Hydrocinchonine is stable towards mineral 
acids, and is unable to react additively with 
hydriodic acid, but heated in a scaled tube with 
25% hydrochloric acid, it gives rise to some 
epihydrocinchonino {see below) ; it can be sul- 
phonated by means of concentrated sulphuric 
acid. Boiling with dilute acetic acid affords 
hydrocinchotoxine (see below). It is not readily 
attacked by potassium permanganate, but with 
chromic acid it is oxidised to hydrocinchoninone 
(see below), cinchoninic acid, cincholoipon (^ee 
below), cincholoiponic and loiponic acids (see 
under Cinchonine). 

Hydrocinchonine Hydrochloride, B • H C1,2 H jO 
(Forst and Bohringer, Ber. 1881, 14, 437 ; 
von Arlt, Monatsh. 1899, 20, 431 ; Heidelborger 
and Jacobs, J. Amer. Chem. Soc. 1919, 41, 
826) crystallises from water in needles, m.p. 
216° (von Arlt), or 221°-223° (dry) (Heidelberger 
and Jacobs), [a]^ +159-3° (c=0-741 in water). 
It is soluble in 47 parts of cold water. 

The suljdiate, B 2 *H 2 S 04 , crystallises in 
prisms, leaflets, or needles with 2, 6, 9, but 
ordinarily with 11 or I 2 H 2 O, depending on the 
conditions. The dihydrate has [a]^ +164-4° 
(c=2-6 in alcohol). The anhydrous salt, which 
absorbs 2 H 2 O on exposure, has m.p. 195°, is 


soluble in about 30 parts of cold water and in 
about 10 of boiling water. The dodecahydrate 
is efflorescent. Many other salts of hydro¬ 
cinchonine are known such as the neutral and 
acid hydrobromido and hydriodide, acid 
hydrochloride and sulphate, two tartrates, and a 
thiocyanate. 

Hydrocinchotoxine (dihydrocinchotoxine, hy- 
drocinchonicine, cinchotinetoxine, cinchoticinc), 

C,HeN~CO-~CH2-CH2-C5H,N-C2H„ 

is obtained by boiling hydrocinchonine with 
dilute acetic acid (Kaufmann and Huber, 
Ber. 1913, 46, 2919 ; Kaufmann, Rothlin, and 
Brunnschweiler, ibid. 1916, 49, 2303). It has 
also been obtained by “ partial synthesis ” 
(Rabe and Kindler, ibid. 1918, 51, 1360) from 
cinchoninic ester and benzoyl/iomocincholoipon 
ethyl ester; (for the subsequent synthesis of 
^owocincholoipon, see Rabe and others, ibid. 

1931, 64, 2493). It is a viscous oil, [a]^^ +8-8° 
(c-~6-17 in alcohol). Its N -benzoyl-derivative 
has m.p. 124°, and the dipicrate of its phenyl- 
hydrazone melts at 215°. The free toxine, which 
is readily soluble in ctlicr or in dilute alcohol, 
can be brominated, and is then on treatment with 
alkali converted into hydrocinchoninone [see 
below). Hydrocinchotoxine gives purple colora¬ 
tions with nitrobenzene containing nitrothio- 
phene and with diazobcnzencsulphonic acid. 

epi Hydroci nchoni ne, Cj,H,,ON„ is epimerio 
with hydrocinchonine about the carbinol 
(CH-OH) group. It was first obtained but 
not named by Vereinigte Chininfabriken, Zimmer 
& Co., G.m.b.H., G.P. 330813/1920, by the 
reduction of hydrocinchoninone with aluminium 
or zinc in alcoholic solution in presence of sodium 
ethoxide. It can also be obtained from hydro¬ 
cinchoninone by catalytic reduction, from hydro¬ 
cinchonine by epimerisation with amyl alcoholic 
potash, and from epicinchonine by catalytic 
hydrogenation (Rabe and others, Annalen, 

1932, 492, 252-255, 263). In all cases except the 
last, a mixture of hydrocinchonine, hydrocin- 
chonidine, cpihydrocinchonine, and epihydro- 
cinchonidine is produced. The first two 
naturally occurring alkaloids are readily re¬ 
moved by taking advantage of their sparing 
solubility in ether. The two residual ep+bases 
are separated mechanicaUy and by fractional 
crystallisation from other and from acetone, 
cpi Hydrocinchonine crystallises from acetone in 
colourless, tapering prisms, m.p. 126°, [a]p® 
+ 88-4° (c-1-0012 in 99% alcohol). It is 
readily soluble in ether or acetone, and very 
readily so in alcohol or benzene. 

Hydrocinchoninone, 

is obtained in low yield by the gentle oxidation 
of hydrocinchonine with chromic acid (Rabe, 
Naurnann and Kuliga, Annalen, 1909, 364, 
349), but is best prepared indirectly from 
hydrocinchotoxine by way of the C-bromo 
derivative (Kaufmann and Huber, Ber. 1913, 46, 
2920 ; Kaufmann and Haensler, ibid. 1917, 50, 
703 ; Rabe and Kindler, ibid. 1918, 51, 1365). 
It separates in pale yellow crystals from 60% 
alcohol, has m.p. 138° (Rabe) or 130° 
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(Kaufmann) and [ajp (final value) on the average 
4-76° in aleohol (c=from 2 to 4). The hydro¬ 
chloride, which is quite white, crystallises from 
alcohol and ether and has m.p. 265°. The oxime 
is amorphous. For the mutarotation of hydro- 
cinchoninone, see Kabe and others (Annalen, 
1910, 373, 118). 

Hydroi'inchonine, Ohloridef 

CgHcN—CHCI—C 7 H 11 N-CgHg, 

is made by treating dry liydrocinchonine hydro¬ 
chloride in chloroform with yihosphorus penta- 
chloride (Koenigs and lloerlin, Ber. 1894 , 27, 
2291 ; daeobs and Heidelberger, J. Amer. 
Chem. Noe. 1922, 44, 1087). Crystallivscd from 
ctherit has m.p. 85°“87° (indrf.) or with l-SHjO 
from aqueous acetone, m.p. 70° (indef.). The 
latter form, on drying in a desiccator, becomes 
amorphous and has -f 3()-4° (c = 1-001 in 

alcohol). It is very readily soluble in organic 
solvents. The hydrochloride, m.p. 227°-228°, 

4-48'8° (c 1-107 in water), crystallises 
from 85% alcohol, and is sparingly soluble in 
cold water or alcohol, but more readily so in the 
boiling solvent. The hj^drobromide is very 
sparingly soluble in water, 

iJesoxyhydrocinchoiiine, 

C^HeN—CH 2 —C 7 H 11 N—C 2 H 5 , 

is made either by reducing hydrocinchoiiine 
chloride with iron in dilute sulphuric acid 
(E. G. W. ISchmidt, Dissertation, Jena, 1913; 
Jacobs and Heidelberger, J. Amer. Chem. 8 oe. 
1922, 44, 1088), or by hydrogenating dcso.xy- 
cinchonine or cinchene using a palladium- 
calchim carbonate catalyst (Schcipf and Schmidt, 
Annalen, 1928, 465, 127), or by heating the 
hydrazonc of hydrocinchoninonc with powdered 
potassium hydroxide (Babe and von Kiegen, 
Annalen, 1932, 492, 203). Desoxyhydro- 

einchonine base crystallises from moist ether or 
from aqueous acetone with 2 H 2 O, m.p. 60°, 
[a]p 4-113-8° (c—1 -014 in alcohol). The water is 
lost in dry air or in a desiccator, and the base 
becomes amorphous. It separates in the an¬ 
hydrous condition from light petroleum or from 
absolute ether, and then has m.p. 74°, [a]p® 
4 “ 147° in alcohol. It is easily soluble in organic 
solvents. The hydrochloride crystallises from 
alcohol in narrow glistening plates and prisms, 
m.p. 197°-199°, [ajj/ 4-69-3° (c-1-068 in water). 
The salt is fairly soluble in alcohol, very readily 
so in methyl alcohol or in chloroform, but less so 
in acetone. The hydriodide has m.p. 230°-231°. 

Hydrocinchene, 

C,HflN-CH-C < CeH.oN-CgHs, 

is prepared by boiling hydrocinchonine chloride 
with alcoholic potash (Koenigs and Hoerlin, 
Ber. 1894, 27, 2291 ; Koenigs, ibid. 1895, 28, 
3146 ; J. pr. Chem. 1900, [ii], 61, 44 ; see also 
Koenigs, Ber. 1894, 27, 1504). It crystallises 
from aqueous methyl alcohol in leaflets, m.p. 
145°. With 25 % phosphoric acid at 170° it is 
hydrolysed to lepidino {q.v. under Cinchonine) 
and cincholoipon {see below), but does not react 
with hydrobromic acid (distinction from 


cinchene). It is isomeric with, but distinct from, 
desoxy cinchonine. 

Oximinoeihylquinnclidine, ethylquinuclidone- 
oxime, HO~-N=-C < C^HioN—CgHg.isformed 
together with cinchoninic ac^id from hydro- 
cinchoninone, wdien this ketone, dissolved in 
cold alc(jholic sodium ethoxido, is treated with a 
little more than one molecular proportion of 
amyl nitrite (Rabc and Naumann, Annalen, 
1909, 365, 363). ft crystallises in white needles 
from a mixture of light petrohmm (b.j). 60°-65°) 
and ethyl acetate, and has m.j). 133°~J34°. It is 
readily soluble in water, alcohol, ether, or 
ethyl acetate, but less so in light j)etroIeum. On 
hydrolysis wdth hydrochloric acid, the bicyclic 
system undergoes ruj)turc, and tlicn* are formed 
hydroxylamine and cincholoipon. 

Cincholoipon, J-ethjdpiperidine-4-ncetic acid, 
CgHj—CgHpN—CHg—COgH, was first dis- 
cov^ered by 8 kraup (Monatsh. 1888, 9, 805) in 
the produefs of oxidation of cinchonine and 
quinine wdth chromic acid. It was shown by 
Koenigs, however (Ber. 1894, 27, 1504 ; with 
Hoerlin, il)id. 221)0), that the cincholoipon was 
I derived not from these alkaloids but from the 
hydro-alkaloids present in the commercial 
materials. Cincholoipon can be prejmrt-d either 
by the hydrolysis of hydrocinchene with 25% 
phosphoric acid at 170°, or by oxidation of 
hydroednehonine Avith chromic acid (Koenigs, 
and Koenigs and Hoerlin, Lc.). It has also 
been pr(‘parcd by the reduction of meroquinene 
{q.v. under Cinchonine) either w4th zinc and 
hydriodic acid (Koenigs, ibid. 1902, 35, 1350), 
or better catalytically (Kaufmann, Zeller and 
Huber, ibid. 1913, 46, 1830). It can also be 
prepared from hydrocinchoninonc, by the 
action of amyl nitrite folloAved by hydrolysis 
{see Oximinoethykjuinuclidine, alnwe). Its N- 
methyl derivative is readily obtained by siibject- 
ing ?. 9 onitro 8 o-N-methylcinchotoxino to the 
Beckmann transformation ; the easily isolablo 
N-methyl derivative of the nitrile of cincholoipon 
is then formed (Babe and Ackermann, Ber. 
1907, 40, 2013). Cincholoipon crystallises from 
methyl alcohol and has m.p. 236°. It is soluble 
in w^atcr. The hydrochloride consists of yellow 
rhombic crystals, m.p. 200 °, readily soluble in 
water or in alcohol, but not in ether. The salt 
has —5-6° (c^lO in water). (Jincholoipon 
ethyl ester hydrochloride has m.p. 158° and 
4-5-71° (c-:-8-29 in water). 

Hydroquinidine, CjoHgeOgNg, occurs in 
commercial quinidine, sometimes in large 
amount. It was first isolated from this source 
by Forst and Bohringer by oxidation with 
potassium permanganate in acid solution at 0 ° 
(Ber. 1881, 14, 1954; 1882, 15, 520, 1656), the 
effect being to oxidise the unsaturated quinidine 
to the alkali-soluble quitenidine, and thus to 
facilitate the isolation of the hydroquinidine. 
It is best prepared by catalytic hydrogenation 
of quinidine, from which it differs only in having 
an ethyl side-chain in place of a vinyl group. 
It has been synthesised by Rabe, Hun ten burg, 
Schultze and Volger (Ber. 1931, 64, 2487). 

Hydroquinidine crystallises from ether (stout 
plates) or alcohol (needles), and is said to contain 
2 * 6 HjO which is easily expelled, but the exist- 
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enco of 8 uch a hydrate is doubtful (Giemsa and 
Halborkann, Ber.1921, 54, [B], 1201). The dry 
base melts at 169° and has +2Hl-3° (c= 
2*0216 in alcohol), and 4-299” (c -d)*S15, i,e. an 
J//40 solution in 0*1 iV-H 2 S 04 ). It is sjmringly 
soluble in ether, but dissolves readily in hot 
alcohol. It gives the thalicioquin reaction, and 
fluoresces in dilute sulphuric acid solution. 
Under the influence of hot mineral acids it is 
demethylated to hydrocupreidine {v. infra), 
but does not undergo isomerisation. It is 
fairly stable towards potassium permanganate, 
but with chromic acid is oxidised to quininic 
acid {q.v. under Quinine), and cinoholoipon {v. 
supra). 

Jlydroquinldine Hydrochloride, B-HCI, is 
readily soluble in water, melts at 273”-274”, 
and has 4-183*9” (c~ 1*3 in water) (Heidel- 
bergcr and Jacobs, J. Arner. Chem. Soc. 1919, 
41, 826). 

Jlydroquinldine Sulphate, Bg* H 2 SO 4 , sep.aratcs 
from water above 20 ° in needles containing 
SHgO (Giemsa and Hal berk aim) or 2 H 2 O 
(Hesse). The anhydrous salt, m.p, 214°, 
does not absorb water on re-exposure. When 
crystallised below 10 ”, the sulphate sefiarates in 
prisms, and these are so efllor(\scent that it is 
difficult to determine their initial water content, 
which is given as 8 and I 2 H 2 O, but may be as 
high as 18 HgO. Th(^ hydrate stable in the air 
aiipears to be B 2 *H 2 S 04 , 2 H 20 , for the an¬ 
hydrous salt reabsorbs that amount on exj) 08 ure. 
Hydroquinidine sulphate dissolves in 92*3 parts 
of water at 16”. 

The dihydrochloride has been used to separate 
quinidine and hydroquinidine (Buttle, Henry 
and Trevan, Biochem. J. 1934, 28, 434); the 
dihydrobromidc has been described by Kmde 
(Helv. Chim. Acta, 1932, 15, 575). The neutral 
tartrate, B 2 *C 4 H^,Op, 2 H 20 , is readily soluble in 
water, but the acid tartrate, B*C4 HqOq,3 H20, 
is 8 })aringly soluble, 

^\)iIlydroquinidi7ie, C20H26O2N2, is e]umerio 
with hydro({uinidine about the carbinol 
(CH*OH) group, it is obtained either by 
heating hydroquinine with amyl alcoholic 
potassium hydroxide, or by the catalytic reduc¬ 
tion of hydroquininonc, or by catalytic hydro¬ 
genation of ep/quinidinc. In each case except 
the last, a mixture of hydroquininc, hydro¬ 
quinidine, epihydroquinine and ep/hydrotjuini- 
dine is produced. After removing the first two 
naturally occurring alkaloids as neutral and acid 
tartrate respectively, the two ep/-bases are 
separated as neutral dibenzoyltartrates from 
benzene. The epihydroquinidine so obtained 
from the more soluble component is finally 
purified by rccrystallisation of the base from 
ether, cpi! Hydroquinidine has been synthesised 
(Babe and others, Ber. 1931, 64, 2499). It 
forms colourless, flat prisms from ether, m.p. 
122°, [a]{^ 4-73*7° (c-0*3324 in alcohol), is 
very readily soluble in alcohol, fairly soluble in 
ether, and is strongly fluorescent in sulphuric 
acid solution. Its dibenzoyltartrate, m.p. 156°- 
167°, is sparingly soluble in water, ether, ben¬ 
zene, or cold alcohol, but readily so in hot alcohol 
(Kabe and others, Annalen, 1932, 492, 253, 256, 
267, 261). 
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Hydroquinidine Chloride, 

CHaO-CoH^N—CHCI—C2H5, 

is prepared from dry hydroquinidine hydro¬ 
chloride and phosphorus pentadiloride in 
chloroform solution (Heidelbcrgcr and Jacobs, 
J. Amer. Chem. Soc. 1920, 42, 1497). It (irystal- 
lises from light petroleum in (;ream-tinted plates, 
m.p. 93*5°-95”, 4-20° (c-0*6 in alcohol). 

The hydrochloride, needles from alcohol, m.p 
208”-209°, [ajjf 4-J9*7° (c-- 0*795 in water), is 
readily soluble in water ami in methyl alcohol, 
less so in ethyl alcohol or in chloroform, and 
sparingly so in acetone. 

Desoxyhydroquinidine, 

CH3O-C2H3N--CH2-C7H11N-C2H5, 

is obtained by reducing hydro(juinidine chloride 
with iron filings in dilute sulphuric acid (Heidel- 
berger and Jacobs, J. Amer. Chem. Soc. 1920, 
42, 1497). It has also been made similarly from 
eyj/hydroquinidine chloride (Babe and others, 
Annalen, 1932, 492, 258), and the following par¬ 
ticulars are taken from these two sources {cf. 
Giemsa and Halberkann, Ber. 1921, 54, 1203). 
Desoxyhydroquinidine crystaliis(.‘s from 60% 
alcohol with 2 H 2 O, m.p. 85°-87°, ^ 4-167*3'^ 

(c=1*124 in alcohol). The anhydrous base 
melts lower at 68*5”-70”. 

It is readily soluble in alcohol, acetone, 
chloroform, or bfuizciic and less so in ether. It 
gives the thalicioquin reac'tion and fluoresces 
in dilute sulphuric acid solutio?i (purple). Its 
hydrobromide melts at 151”-152°. 

Hydrocupreidine, CJ 9 H 24 O 2 N 2 , was first 
obtained by Heidelberger and Jacobs (J. Amer. 
Chem. 8 o(*. 1919, 41, 827) by the demethylation 
of hydroquinidine with 4 parts of boiling 40% 
hydrobromic acid at 125”. it (^an also be 
prepared from hydroquinidine with strong 
sulphuric acid, the resulting hydnxMipreidine 
sulphonie a(‘id being saponified by heating with 
dilute hydrochloric or sulphuric acid ((liemsa 
and Bonath, Ber. 1925, 58, [B], 93), or directly 
by boiling with 60% sulphuric acid (Henry and 
Solomon, J.t'.S. 1934, 1929) Hydrocupreidine 
trrystallises from aqueous alcohol (Heidelberger 
and Jacobs) or from acetone (Henry and 
Solomon) as an indclinile hydrate which is 
difficult to dry without discoloration ; the 
hydrate melts at 170”. The anhydrous base 
melts indefinitely at 195°. According to Giemsa 
and Bonath the base crystallises from absolute 
alcohol, and then has m.p. 193°. The specific 
rotations given for the dry base in alcohol are 
widely different: 4-253*4° (Heidelberger and 
Jacobs), -f 242*5° (Giemsa and Bonath), 4-227*2° 
(Henry and Solomon). The base is readily 
soluble in cold alcohol, less readily in chloroform 
or acetone, and sparingly in ether. It is non- 
fluorescent, and does not give a coloration 
with bromine water and ammonia. The hydro¬ 
chloride crystallises from 60% alcohol in rosettes 
of needles which are not anhydrous, as stated by 
Henry and Solomon (Z.c.), but contain 1 HjO ; 
the anhydrous salt melts at 232°, and has fajj) 
4-194° in water. The dihydrchloride is 
sparingly soluble in dilute hydrochloric acid. 
For other salts and for the ethyl ether of hydro- 
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cupreidine, see Heidelberger and Jacobs (i.c.), 
and for other homologous alkyl cithers, see 
Ghosh and Chattcrjee (J. Indian (-hem. Soc. 
1931, 8 , 257 ; 1932, 9, 83 ; Buttle, Henry, 
Solomon, IVevan and Gibbs, Biochcm. J. 1938, 
32 , 52). 

Hydroquinine, CgoHggOgNg, accompanies 
quinine in cinchona barks and in commercial 
quinine sulphate. It was first isolatc'd by Hesse 
(Ber. 1882, 15, 856 ; Annalcn, 1887, 241, 257, 
286) from quinine sulphate mother-liquors, by 
taking advantage of the fact that hydroquinine 
acid sulphate, B'H 2 S 04 , or hydroquinine 
dihydro bromide, B'2HBr, is more soluble in 
water than the corresponding quinine salt. 
Quinine can in this way be completely freed from 
hydroquinino, but the latter can only bo pre¬ 
pared in the jnire state by oxidising with 
potassium permanganate the mixture of quinine 
and hydi'oquinine obtained in the mother 
liquors ; the quinine becomes oxidised to the 
alkali-soluble quitenine, and the hydroquinine, 
being left largely unattacked, can then be 
readily isolated. It is, however, best pivpared 
by the catalytic hydrogenation of quinine, from 
which it differs only in that it lias an ethyl side- 
chain in place of the vinyl group of the latter. 
Tliis process has in the last decade or two 
acquired much technical importance, partly 
because of the demand for hydroquinine itself as 
a therapeutic agent, and partly because it con¬ 
stitutes the starting material for th(^ manu¬ 
facture of t he hydrocupreine ethers (“ optochin,” 
“ vuzin ”). Early examples of such catalytic 
processes can be found in the following patents: 
G.P. 234137/1911, 252136/1912, 267306/1913; 
B.P. 3948/1912. Eor details of processes, see 
Catalysis in Industrial Chemistry, Vol. II, 
p. 422. 

Hydroqiiinine base is precipitated by sodium 
hydroxide solution from aqueous solutions of its 
salts, w^hen it separates in amorphous flakes 
which gradually become crystalline and contain 
2 H 2 O. This form turns to a soft rubbery mass 
below 100 °, but the anhydrous form, which 
crystallises from ether or benzene, melts at 
172-3° (Lenz, Z. anal. Chem. 1888, 27 , 561) 
and has [a]^® —142-2° (c=2-4 in 95% alcohol) 
(Hesse), or -235-7® (c=0-815, i.e. an Jf/40 
solution in O-IA-H 2 SO 4 ) (Buttle, Henry and 
Trevan, Biochem. J. 1934, 28 , 436). It is readily 
soluble in most organic solvents, including ether, 
but not in water or alkalis ; it nevertheless 
dissolves appreciably in ammonia solution. 
Hydroquinine is fluorescent in dilute sulphuric 
acid solution, and gives the thalleioquin reaction. 
It is relatively stable towards permanganate, 
but is oxidised by chromic acid to quininic acid 
(q.v. under Quinine) and cincholoipon {q.v. under 
Hydrocinchoninc). On melting its acid sul¬ 
phate, or on boiling with dilute acetic acid, it 
is transformed to hydroquinotoxine {v. injra). 
With strong mineral acids (HCI, HBr, HI, 
H 2 SO 4 ) or aluminium chloride it undergoes 
demethylation {see “ Hydrocupreine ” helow)^ 
but not isomerisation. Hydroquinine is bitter 
to the taste, and is equal or superior in anti- 
malarial activity to quinine. 

Hydroquinine Hydrochloride^ B - H C1,2 H gO, 
crystallises from water in prisms. 1’he 


I anhydrous salt melts at 206°-208°, and has [a]jJ 
I -123-9° (r -1-113 in water). It also crystallises 
from a mixture of acetone and ether with 0-6 H jO. 
It is readily soluble in water, alcohol or acetone, 
but not in ether (Hesse, Annalcn, 1887, 241, 
264 ; Heidelberger and Jacobs, J. Amer. Chem. 
Soc. 1919, 41, 820). 

Hydroquinine JSulphate, B 2 *H 2 S 04 , crystallises 
from water in needles containing BHgO when 
stable, but probably with SHgO at first. The 
salt is soluble in 348 parts of cokl water, and when 
anhydrous re absorbs 4 or 6 H 2 O on exposure. 
The acid sulphate^ B-H 2 SO 4 , crystallises with 
SHgO and is extremely soluble in water. The 
dihydrobrotnide crystallises with SHgO, and the 
anhydrous salt has [a]|^ —152-5° in water. 
Many other salts of hydroquinino are known. 
It forms loose compounds with several other 
cinchona alkaloids and also with anethole ; it 
forms an amorphous acetyl- derivative, a 
crystalline benzoyl- derivative (m.p. 102'‘-107°), 
and a inethiodide. 

Ilydroquinotoxitic (hydroquinicinc), 

CHaO—CjjHgN—CO—CHg—CH2—C^H„N—C2H5, 

is prepared from hydroquinino either by heating 
the acid sulphate at 140“ (Hesse, Annalcn, 1887, 
241, 273) or by boiling in dilute acetic acid 
(Rabc, Ber. 1912, 45, 2927; Kaufmann and 
Ilub(‘r, ibid. 1913, 46, 2921 ; Heidelberger and 
Jacobs, J. Amer. Chem. 8 oc. 1922, 44, 1092). 
It has been synthesised by Babe and his co- 
workers (Ber. 1931, 64, 2497; see also Kabe 
and Kindler, ibid. 1919, 52, 1842). It is a yellow 
varnish, —17° (c=3 in water with 3HCI), 
easily soluble in alcohol, ether, or chloroform. 
Its solution in dilute sulphuric acid is yellow, but 
non-fluorescent, and it gives the thalleioquin 
reaction. The sulphate^ B2-H2SO4, crystallises 
from a mixture of aqueous alcohol and 
acetone with SHgO; the anhydrous salt has 
m.p. 174°-176'“, -8-3“ (c=0-9C8 in 

water). Oxalic acid precipitates an amorphous 
oxalate, which is soluble in chloroform (distinc¬ 
tion from quinotoxine); the dibenzoyliartrate 
melts at 170°. 

epiHydroquinine, CgoHaeOgNg, is epimeric 
with hydroquinine about the carbinol (CH-OH) 
group. It can be prepared either from 
hydroquinine by epimerisation with amyl 
alcoholic potassium hydroxide, or from hydro- 
quinone by catalytic reduction, or by the cata¬ 
lytic hydrogenation of cpiquinine. In the 
first two cases there is formed a mixture of 
hydroquinino, hydroquinidine, epfhydroquinine 
and epihydroquinidine. The first two naturally 
occurring alkaloids are removed as neutral and 
acid tartrate respectively ; the two bases are 
then separated as neutral dibenzoyltartrates 
from benzene. The epihydroquinine so obtained 
from the more sparingly soluble component is 
finally purified by recrystallisation of its hydro¬ 
chloride from acetone. Attempts to crystallise 
the base have so far failed; it is a viscous oil, 
[®]n +^2° (c~0-95 in alcohol), readily soluble in 
organic solvents, and showing a strong blue 
fluorescence in sulphuric acid solution. The 
dibenzoyltartrate, m.p. 161° crystallises from 
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acetone, and is sparingly soluble in water, 
benzene, light petroleum or ether readily so in 
alcohol or chloroform (Rabe and co-workers, 
Annalen, 1932, 492, 253, 256, 257, 260). 

Hydroquininone, 

CH3O—C.HsN-CO-C^H.i-C^Hg, 

was first prepared by Irschick (Dissertation, 
Jena, 1913) by the gentle oxidation of hydro- 
(piinine with chromic acid. It is best prepared 
indirectly from hydroquinotoxino. By bro- 
minating in hydrobromic acid solution the C- 
brornotoxine is obtained, which, on treatment 
with sodium ethoxide in alcoholic solution, gives 
rise 1,0 the desired ketone (Kaufmann and 
Huber, Ber. 1913, 46, 2922). It has been 
synthesised by Rabe and his co-workers (Ber. 
1931, 64, 2497 ; scp also Rabe and Kindlcr, ihid. 
1919, 52, 1845). Hydroquininone crystallises 
from ether in yellowish needles or leaflets, 
in.p. 99"; it shows mutarotation: (final 

value) +73*15° (c=1*784 in alcohol) (Kaufmann 
and Huber; Rabe and Kindler; Irschick’s 
ketone, prepared by direct oxidation, and Rabo’s 
synthetic ketone have lower rotations, +65*0" 
and -I 68*8° respectively). The picrate melts at 
224°. 

Hydroq u i n i ne Chloride , 

CHaO-CyH^N—CHCI—C 7 H 11 N-C 2 H 3 , 

is prepared by the action of phosphorus penta- 
chloride on dry hydroquinino dihydrochloride 
dissolved in cold chloroform (Heidclbergcr and 
Jacobs, J. Amer. Chem. 80 c. 1920. 42, 1491 ; 
Giemsa and .Hall)crkann, Ber. 1921, 54, [B], 
1194). Jt (uystallises from dilute alcohol or 
from petroleum sjurit (b.j). 80°-90") in cream- 
colounHl rhombs, m.p. 144°, [a]^ +42*1° (c - 

1*365 in alcohol) or +43° (c 3*0136 in alcohol). 
Hydroquinino chloride is readily soluble in 
alcohol, acetone, chloroform, or benzene, less 
readily in ether, fairly soluble in boiling 
but very sparingly soluble in cold petroleum 
spirit. It is a light-sensitive substance which 
gives the thalleiocjuin reaction. Aqueous 
acid solutions are yellow, but non-fluorescent. 
The hydrochloride, B-HCI, m.j). 232°-233°, 
[a]p ^ --2*9° (c=l*197 in water) crystallises from 
50% alcohol, and is somewhat sparingly soluble 
in water or alcohol. 

Desoxyhydroqiiin ine, 

CHgO-CyH^N-CHa-C^HiiN-C^Hg, 

is obtained by reducing hydroquinino chloride 
with iron in dilute sulphuric acid solution 
(Heidelberger and Jacobs, J. Amer. Chem. Soc. 
1020, 42, 1492 ; Giemsa and Halberkann, Ber. 
1921, 64, 1198), or in the same manner from ept- 
hydroquinino chloride (Rabe and others, 
Annalen, 1932, 492, 258). Desoxy hydro¬ 

quinine crystallises from aqueous acetone in 
colourless, silky needles which contain SHjO 
and melt at 69°, solidify on further heating, 
and melt again at 95°, The SHgO is readily 
lost in a desiccator ; the anhydrous base is oily, 
absorbs 2 H 2 O from the air, and in doing so 
crystalbses. The trihydrato has [a]j^^ —77*5° 
(c—1*244 in alcohol) and is readily soluble in 


organic solvents ; it gives the thalleioquin and 
fluorescence tests. The hydrochloride, B-HCI, 
crystallises from acetone in anhydrous needles, 
m.p. 179"-180°,|a]^^'® - 6 * 8 ° (c-l*034 in water). 
The salt dissolves readily in water, alcohol, 
methyl alcohol, chloroform, or hot acetone or 
benzene, but sparingly in cold acetone or benzene. 

Hydroquinene, 

<C3Hi,N--C2H„ 

is prepared by boiling hydroquininc chloride 
with alcoholic potassium hydroxide (Giemsa and 
Halberkann, Ber. 1921, 54, [B], 1194). It crystal¬ 
lises from a mixture of ether and light petroleum 
in colourless rosettes of coffin-shaped needles, 
and on recrystallisation from dilute alcohol or 
acetone, separates with 2 H 2 O. The anhydrous 
substance molts at 78°-79°, and has 
+ 29*5° (c—2*678 in alcohol). It is readily 
soluble in the usual organic solvents, except in 
light petroleum. Hydroquinene gives the 
thalleioquin test, fluoresces in dilute nitric acid 
solution, and is instantly attacked by potassium 
permanganate. The hydrochloride melts at 
209°. 

Jfydrocupreine, is prepared by 

demethylating hydroquinine with hot hydro- 
I chloric (Hesse, Annalen, 1887, 241, 280 ), hydro- 
bromic (Heidelberger and Jacobs. J. Amer. 
(fiiem. Soc. 1919, 41, 821), or hydriodic acid 
(Bum, Monatsh. 1895, 16, 73 ), with aluminium 
chloride in nitrobenzene solution (Gberlin, Arch. 
Pharm. 1927, 265, 270), or with concentrated 
sulphuric acid, when a sulphonic acid is formed 
w'hich is hydrolysed by boiling with dilute 
hydrochloric or sui])huric acid (Giemsa and 
Bonath, Ber. 1925, 58, | B], 89, 92). It can also 
bo obtained by the catalytic hydrogenation of 
cupreine (Giemsa and Halberkann, ihid. 1918, 
51, 1328), but best, perhaps, by boiling hjairo- 
quinine wdth 60% sulphuric acid. Aj)art from 
liomethylation, no change tak(‘s place, for hydro¬ 
quinine is regenerated when hydrocupreine is 
methylated by means of diazomethano (Oberlin.) 

Hydrocupreine is precipitated by means of 
ammonia as a micro-crystalline powder contain¬ 
ing 2 H 2 O, but crystallises (if pure) from alcohol, 
dilute, alcohol, or from a mixture of chloroform 
and benzene in the anhydrous condition. From 
benzene alone it separates as a jelly. It becomes 
amorphous on heating below its melting-point, 
and this accounts for a divergence among the 
pu Wished figures ; Hesse and Pum give m.p. 170°; 
Giemsa and Halberkann record 204°, while 
Giemsa and Bonath, seven years later, record 
186°; according to Heidelberger and Jacobs 
hydrocupreino becomes a glassy mass filled with 
bubbles of gas at 185°-190°, and this does not 
become completely liquid until 230°. The specific 
rotation of hydrocupreine in alcohol is given 
variously between the extremes —148-7° 
(Heidelberger and Jacobs) and —159*2° (Giemsa 
and Bonath). Hydrocupreino is readily soluble 
in alcohol or chloroform, and as a phenol 
dissolves freely in caustic alkalis. It is sparingly 
soluble in ether or ethyl acetate, almost in¬ 
soluble in light petroleum or w^ater, and dissolves 
with difficulty in ammonia solution. Hydro- 
cupreine is non-fluorescent and does not give 
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the thalleioquin reaction although Hesse claims 
to have obtained the green colour by using 
bleaching powder. Aqueous solutions of the 
neutral salts, like those of ouf)reine, are of an 
intensely yellow colour, which is immediately 
dis(?hargod on the addition of mineral a(‘ida. 
Hydrocupnine hydrochloride (B-HCI) crystal¬ 
lises from water acidific'd with hydrochloric 
acid in anhydrous needles, decomj). 255*-280'^, 
melting at the latter temperature, \af^^ 
—122-3'^ (c (tl)45 in alcohol); it is sj)aringl 3 ^ 
soluble in water, ac'ctone, or chloroform, readily 
dissolves in alcohol and very readily in methyl 
alcohol. The dihydrochloride, B-i^HCl.HgO, 
melts at 224°. The ticntralsulphate, B 2 -H 2 Sb 4 , 
is anhydrf)us and very sparingly soluble in water 
or in alcohol. The* acid, sulphate, B-H 2 S 04 , 
separates with 4 H 2 O ; the anhydrous salt, m.p. 
203°, reabsorbs IH 0 O on exposure. The 
tartrate, B 2 C 4 Hg 0 g, 2 H 20 , melts at 242*’. 
Other salts pn'pared include the dih^^dro- 
bromide and acid nitrate. 

Hydrocupreinc gives rise to a toxine, hydro- 
cupreinotoxinc (hydrocupreicine), in the 
ordinary way, but a number of derivatives such 
as hydrocupreine bromide and desoxyhydro- 
cupreine have been obtained by demethylating 
the corresponding hydroquinirie derivatives. As 
a phenol, hydrocupreine, in common with 
cupreine, couples with diazonium solutions, 
giving rise to an interesting series of dyes. 

A considerable amount of attention lias been 
given to the alkyl ethers of hydrocupreinc and 
hydroeupreinotoxine since the discovery of their 
striking bactericidal action by Morgenroth and 
collaborators, who investigated the complete 
series from ethyl to cetyl (C| g). 'Phose interested 
in the results of these biological investigations 
and their j)ossibIe therai)euti(^ application should 
consult “ The Therapeutic Agents of the 
Quinoline Group ” by \on Oettingen (Chemical 
Catalog (*o. Inc., New York, 1933), *‘ Handbuch 
der Cliemothcrapie ” by Lischl and Schloss- 
berger (Fischer’s JMedizinischo Buchhandlung, 
Leipzig, 1932) and “ Recent Advances in 
Chemotherapy ” by Findlay (J. and A. Churchill, 
London, 1930). F’or the preparation of some of 
these substances, see Vereinigte Chininfabriken, 
Zimmer & Co. G.m.b.H., G.P. 254712, 1912, 
344140/1921 ; Giemsa and Halberkann, Her. 
1918, 51, 1332 ; Heidelbcrger and Jacobs, 
J. Amer. Chem. Soc. 1919, 41, 824; 1922, 44, 
1097; Slotta and Behnisch, Bcr. 1933, 66, 
[Bj, 360, and for the entire aeries up to Cjj, 
see Buttle, Heniy, Solomon, Trevan and Gibbs, 
Biochem. J. 1938, 32, 51. Among the better 
known products are hvoamylbydrocuproine 
dihydrochlorifle (“ eucupin ”), «ec-octylhydro- 
cuproine dihydrochlorido (“ vuziii ”) and etJiyl- 
hydrocupreine hydrochloride (“ optochin ”), 

^ 2 *^ 00 —CH(OH)—qHuN—CgHgHCI, 

which is recognised in the “ United States 
Pharmacopoeia,” XI. The salt readily crystal¬ 
lises from a mixture of acetone and ether, m.p. 
262°-254°, lafj^ -123-6° (c-0-959 in water). It 
is readily soluble in water or alcohol. The base 
on the market is also amorphous, but has been 
obtained crystalline from toluene ; the an¬ 


hydrous base has m.p. 123°'-128° and [a]p 
— 136*2° (c~l*(){)5 in alcohol). 

Javanine, of undetermined composition, was 
isolated by Hesse (Bcr. 1877, 10, 2162) from the 
bark of Cinchona Callsaya var. javanica. It 
crystallises from water in rhombic; leaflets, is 
readily soluble in ether, forms a ('rystalline 
oxalale, and dissolves in dilute sulphuric acid 
with an intensely yellow colour. 

Niquidine.—Sec under Quinidine. 

Paricine, CjgHj^ONg, wjis discovered by 
Winckler (dahrcsbericht, 1845, 27, 338) in the 
barks of Buena, hexandra. and (Inchona lutea. 
Later, Hesse found it in C. succirubra. of Darjeel¬ 
ing (Pharm. J. 1870, 1, 344; Annaleii, 1873, 
166, 263). It is an amorphous, yellow powder, 
m.p. 116°, soluble in water, alcohol, etluT or 
light, pc'troleum. Its salts arc also amorphous, 
and its nitrate; is insoluble. 

Quinamine. C,{,H 2402 N 2 , was isolated from 
the bark of (Inchona succirubra bv Hesse (Ber. 
1872, 5, 265; see also ibid. 1877, 10, 2157; 
Annalen, 1873, 166, 266 ; 1881, 207, 288). 

It occurs only in small quantities, but is widely 
distributed, one of the richest sources being 
Cinchona Ledejeriana. Oudemans (.Annalen, 
1879, 197, 49) found that the* total alkaloids of 
C. succirubra contained 4'5‘)o of quinamine. 
It is best isolated from (quinine sulphate 
mother-liquors {see foregoing references and do 
Vrij, Pharu). J. 1874, 4, 609 ; Howard, ibid. 
1875, 5, 1) by removing quinine and cinchonidinc 
as tartrates, and cinchonine as thiocyanatt;. 
The quinamine crystallises from a solution of tin; 
residual bases in 80% alcohol, or may be purified 
by crystallisation of the nitrate. The base 
crystallises in long, anhydrous needl(!S, m.p. 
172°, fa]|f d 93-4° (r- 2 in chloroform), or 
-f 104-5° in alcohol. It is almost irjsolublc in 
water, sparingly so in alcohol, and fairly soluble 
in ether, it gives a rich yellow coloration with 
concentrated sulphuric acid in the presence of a 
little nitric acid ; on diluting with w ater, the 
colour changes through purple to pink. Quin¬ 
amine is a monoacidic base, and its acitl salts are 
amorphous ; the neutral salts, of which a fairly 
largo number have been prepared, crystallise 
well, it contains no methoxyl group, is readily 
oxidised, and is very unstable towards acids, a 
variety of products being formed (Hesse, 
Annalen, 1881, 207, 292 et seq.). Very mild 
treatment, sin-h as boiling with 1 % sulphuric 
acid, or even standing at the ordinary tempera¬ 
ture in 13% hydrochloric acid, suffices to iso- 
merise quinamine to quinamidine (m.p. 93°, 
[a]i) -|-4*5° in alcohol). This is best prepared 
{ibid. 299) by heating quinamine with 5 parts of 
10% tartaric acid solution for 2 hours. To¬ 
gether with quinamidine is always formed in 
smaller amount another isomeride, quinamicine 
(m.p. 109°, [a% -f3*8° in alcohol), which is 
obtained also from conquinamine (q.v.), but in 
greatest amount when an alcoholic solution of 
quinamine acid sulphate containing a little 
glycerol is evaporated at 60°-80°, and the residue 
heated at 100° for several minutes {idem, ibid. 303). 
If the residue is heated at 120*'-!30° instead of 
at 100 °, an amorphous substance pro^oquinami- 
cine, CjvHjoOgNg, is formed {idem, ibid, 305). 
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When boiled with hydrochloric acid (sp.gr. 
1*125) or with 25% sulphuric acid for 3 minutes, 
quinainino is dehydrated to Si^^oquinamine 
(C 19 H 22 ON 2 , idem, 294) (m.p. 114°; base 
optically inactive, hydrochloride, 

BHCbiHgO, 

lasvorotatory). opoQuinamino is formed in the 
sanies way also from quinamicine or conquinamino 
{q.v.). Quinainino and apoquinamino give rise to 
oru) and the same ai^etyl-derivativc, which on 
hydrolysis furnishes the latter base. On heating 
at 140° with hydrochloric acid saturated at 
— 17° quinarnine is converted into a rubbery 
mass, which is insoluble in dilute acids, or in 
onlinary organic solvents. 

Quinetum.—This name was used by de Vrij 
to describe the total alkaloids of C. snccirnhra, 
Avliich in the early days of cinchona-planting he 
re<*oinm(uided as the most economical method of 
utilising cinchona alkaloids. The preparation 
was also known as “ cinchona febrifuge.” 
When Civrhona sucrirubra was supplanted by 
species yielding bark richer in quinine, it became 
diflicult to supply “ quinetum ” and the demand 
was met in two different ways. The residues of 
the total alkaloids of ” factory bark,” after the 
removal of cjuinine, were made into a (juinetum 
substitute by the return of some quinine and 
the product was known as “ cinchona febrifuge.” 
Its variability in composition has frequently 
been commented upon (see, for example. 
League of Nations, Health Section, C.H. 
Malaria/158, Geneva 14/4/1931 ; Howard, Trans. 
Koy. Soc. Trop. Med. Hyg. 1925, 18, 358; 
Goodson and Henry, Quart. J. Pharm. 1930, 3, 
238) and it is desirable that it should be replacful 
by II standardised preparation such as totaquina 
(p. i;i2). 

(Cinchona febrifuge was sold principally to 
indigent natives in tropical countries. There 
was also a certain demand for quinetum in 
Europe, and under the new conditions this 
demand was met by mixtures of the crystalline 
alkaloids of cinchona, but as there was no 
standard this product was also variable (League 
of Nations, Health Section, lx., 15-18), and the 
Malaria (bmmission of the League of Nations 
proposed in 1931 that the name quinetum should 
be restricted to a mixture in equal parts of 
quinine, cinchonine, and cinchonidine. This 
standard is recognised in the “British Pharma¬ 
ceutical Codex,” 1934, which requires that quino- 
tum shall contain not less than 60% of quinine 
and cinchonidine as determined by the “ British 
Pharmacopoeia ” method for totaquina {see 
p. 132). The loss in drying is not to exceed 5%, 
and the ash must bo 1 % or less. 

Quinicine .—See Quinotoxine, wwi/er Quinine. 

Quinidine (conquinine), C 20 H 24 O 2 N 2 , is a 
naturally occurring dextrorotatory stereoiso- 
meride of quinine, and is stereochemically 
identical with cinchonine, except that it con¬ 
tains a methoxyl group in the O-position of the 
quinoline nucleus. It is found in small quantity 
in most cinchona barks, but especially in C. 
pitayensis, C. amygdalifolia, and C. Calisaya. 
Quinidine is now extracted on a commercial 
scale, but at one time it was said to be pre¬ 


cipitated together with the amorphous alkaloids 
in the “ tails ” of quinine manufacture, and so 
passed into the agglomeration of alkaloids 
termed by Sertiirner ” quinoidine ” (1828). 
It was from this souri-e that Henry and Delondre 
(1833) prepared an alkaloid which they termed 
” quinidine,” while Van Heyningen (1849) also 
isolated a crystalline alkaloid, isomeric with 
quinine, but called it “ )3-quiTiine,” for Winckler 
(1847) had in the mi'antime used the name 
“ quinidine ” for anothi^r alkaloid. I'asteur 
(1853) renamed Winekler’s alkaloid “ cin¬ 
chonidine ” (the name which it now bears, q.v.), 
and revcrteil to Henry and Delondre’s original 
nanu^ for the alkaloid hero in question, which ho 
isolated also from commercial cinchonine, and 
which de Vrij (1857) showed to be identical with 
Van Heyningen's ^-quinine. To avoid (confusion 
with Winckler’s alkaloid (cinchonidine), Hesse 
(1865) proposed for the quinidine, now of un¬ 
ambiguous identity, the name “ compiinine,” a 
name much used in Germany but not elsewhere. 
The alkaloid is now almost everywhere known as 
quinidine. 

Quinidine is pnqian'd from quinine sulphate 
mother-liquors, from which, on adding caustic 
soda, it passes together with cinchonidine into 
ether. The cinchonidine is rtunoved as tartrate, 
and the quinidine isolated as hydriodide. It is 
the least soluble of tlic cinchona hydriodides. 
The base is hnally recovered, and recrystalliscd 
from alcohol. (Quinidine so })ropared contains 
large amounts {r.q. 30%) ofhyilroquinidine which 
can be removed either by I’hron ami Dirschorl’s 
mercuric acetat(‘ process (Annalen, 1935, 515, 
252), or by fractional r(‘crvstallisation of the 
dihydrochloride from water (Buttle, Henry and 
Trevan, Biochern. J. 1934, 28, 434). 

According to Hesse (Ber. 1877, 10, 2154; 
cf. Mylius, ibid . 1886, 19, 1773) quinidine 
crystallises from dilute alcohol in prisms con¬ 
taining 2-5H20 (losing O-SHgO on exposure); 
from absolute alcohol it separates with 1 EtOH ; 
from ordinary ether in rhombohedra containing 
2 H 2 O; from absolute ether with ^EtgO; 
from boiling water in leallets with l-SHgO; 
and from benzene it crystallises in anhydrous 
needles, m.p. 172°. The (piinidine of the “British 
Pharmaceutical Codex,” 1934, 872, contains 
2 H 2 O and melts at about 168°. The published 
rotations of quinidine are: -f262° (c^2 in 
alcohol) (Ilille, Arcli. Pharm. 1903, 241, 77); 
+ 256° (c—3-2 in alcohol) (Oudemans, Annalen, 
1876, 182 , 45); +243-5° (0 -0-77 in alcohol) 
(Rabe, ibid . 1910, 373, 100); +230° (c-l*8 in 
chloroform) (Hesse, ibid . 1875, 176, 224) and 
+ 334*2° (c—0*81, i . e . an Af/40 solution in 0*1 A- 
H 2 SO 4 ) (Buttle et fil . I . C .). For other rotations, 
see Oudemans {l.c.) and Ivenz (Z. anal. Chem. 
1888, 27, 571). Quinidine is not very readily 
soluble in any one organic solvent ; it dissolves 
beat in alcohol, but is soluble also in ether, 
chloroform, benzene or ethyl acetate ; it is 
almost insoluble in cold water, but dissolves 
in 750 parts of boiling w'ater. It gives the 
thalleioquin reaction, and exhibits a blue 
fluorescence in dilute sulphuric acid. Quinidine 
closely resembles quinine both in chemical and 
pharmacological properties ; both yield the 
same toxine, quinone, quininic acid, and 
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moroquinene ; on oxidation with potassium 
permanganate it gives rise to qiiitenidino 
(see below) and on catalytic hydrogenation 
to hydroquinidino (q-v,). On heating with 
mineral acids it undergoes various changes, iso- 
and upocpiinidine and their cogeners being 
formed (.sec below). Quinidine is not greatly 
inferior to quinine in antimalarial efflcacy. It 
has been recommended for use in place of the 
laevorotatory quinine in cases of “quinine 
idiosyncrasy ” 

Quinidine Hydrochloridey B-HCI, crystallises in 
asbestos-like prisms containing 1 HgO (Hesse, 
Annalen, 1868, 146, 362; 1875, 176, 225), Mp 
+ 205-8" (4-928C in water), +212" (2-562c in 
97% alcohol). The anhydrous salt melts at 258"- 
259". It is readily soluble in alcohol or hot 
water, but only in 62-5 parts of w^ater at 10". 
It dissolves also in chloroform, but is almost 
insoluble in ether. 

Quinidine Sulphate, B 2 H 2 SO 4 , crystallises 
from hot water in })risms w^ith 2 H 2 O (Hesse, 
Annalen, 1868, 146, 364; 1875,176,226; 1876, 
182, 141). It is described in “ British Pharma- 
coi)a‘ia,” 1932, 364, as colourless, ncedlc-like 
crystals. It has [a]j) +179-5" (c—1 in w^ater), 
+ 211-5" (c^ 2 in alcohol), or +184-2" (c:=3 of 
anhydrous salt in chloroform). It is soluble in 
about 100 parts of cold w^ater, 7 parts of boiling 
water, 10 parts of alcohol, or 20 of chloroform. 
It is almost insoluble in ether. The anhydrous 
salt reabsorbs 2 H 2 O on exposure and is light- 
sensitive. The acid sulphate' is readily soluble 
in w-ater. 

Quinidine Ilydriodide, B-HI, is precipitated 
as a crystalline powder when a solution of a 
quinidine salt is treated wdth potassium iodide. 
It is used for the isolation and estimation of 
quinidine, being very sparingly soluble in cold 
water (1 in about 1,250) and also in alcohol or 
boiling water. 

The neutral tartratey B 2 *C 4 HgOg,H 20 , dis¬ 
solves in about 40 ])arts of w ater, the acid tartrate 
B-C 4 Hg 0 g, 3 H 20 (rn.p. 100") in 400 parts. 

Quinidine Methiodide, 

CH 30 -Ci,H 5 N-CH( 0 H)C 7 HjiN(CH 3 l)-CH:CH 2 , 

is formed from the components in the cold, or 
more readily on boiling in alcoholic solution in 
the dark. It crystallises in colourless needles 
with 1 HgO, and is readily soluble in alcohol or 
boiling water, but sparingly so in cold water. 
The anhydrous methiodide has rn.p. 248" (Claus, 
Annalen, 1892, 269, 232). The anhydrous 
ethiodide is similar and has the same rn.p. The 
dimethiodidey 

CH30-CaH5N(CH3l)-CH(0H)-C7HjiN(CH3l)-CH--CH2 

crystallises in yeUow rhombic plates with 
LSHaO, in.p. 156". It is more readily soluble 
in water, but less readily so in alcohol than the 
monomethiodide. 

Acetyl^uinidine, 

CH 30 -C»H 5 N-CH{ 0 -C 0 -CH 3 )-C 7 HiiN-CH = CH2, 

is formed on w’arming quinidine with acetic 
anhydride at 60"-80°. It is an amorphous 
powder readily soluble in ether (Hesse, Annalen, 
1880, 206. 318). 


a-ChlorohydroquinidinCy 

CH3O—-CaHgN—CH{OH)—C7H11N—CHCI—CHg, 

is isolated as the dihydrobromide from the 
products of the reaction of conc(mtratcd hydro¬ 
chloric acid and ([uinidine (Goodson, J.C.S. 
1935, 1097). The base crystallises in needles 
with 2 H 2 O from 70% alcohol. The anhydrous 
base has rn.p. 206", decomp. 225", +276-3" 

(c=-0*5 in A'-HCl). The dihydrobromido has 
rn.p. 253", [a]p +200" in water. 

The mother-liquors from the crude dihydro¬ 
bromide contain a •chlorohydroquinidme, isolated 
as the neutral tartrate. The base crystallises 
from dilute alcohol in needles with 3 H 2 O. 
I’he anhydrous base has rn.p. 200", decomp. 229°, 
[a]^^ 4 240-7" (c^ 0-5 in A-HCI). The tartrate, 
B2-C4Hg06,11 HgO, crystallises from 30% 
alcohol, and when dried sinters at 152" and froths 
at 196° (Goodson, l.c.). 

lodohydroquinidine, better iododihydroquini- 
dine (hydroiodoquinidine), 

CH3O—CyHj^N—CHfOH>—C^HijN-CHI-CHg. 

The dihydriodide, B-2HI (known in the early 
literature as “ trihydriodoquinidine ”) is formed 
when quinidine is warmed with hydriodic acid 
(Schubert and Skraup), Monatsh. 1891, 12, 
669; Lippmann and Fleissner, ibid. 1892, 13, 
433), and has rn.p. 230". The base liberated by 
means of ammonia crystallises from alcohol in 
prisma, and has rn.p. 205°-206". 

a-isoQuinidiriey 

CH3O—C3H5N—CH( 0 )—C-HjiN—CH—CH3, 

is formed when quinidine is warmed wuth strong 
hydrobromic or hydrochloric acid for 50 hours, 
and the product boiled with alcoholic potash 
(Domahski and Suszko, Bull. Acad. Polonaise, 
A. 1933, 119). It separates from aqueous 
acetone wdth 1 HgO and melts at about 80°. 
The anhydrous base (from dry u(^etone) melts at 
1,33° arui has [a]p +111° in alcohol. It gives 
the fluorescence and thalleioquin tests, and on 
heating with sulphuric acid gives rise to ^-iso- 
quinidine. The hydrochloride has rn.p. 224". 

^-isoQvinidine, isoapoquinidine (P-isocupro- 
idine) methyl ether, is a stercoisomeride of the 
preceding substance, and is formed w+en quini¬ 
dine, a-iso- or y-i5oquinidine is heated with 
moderately concentrated sulphuric acid or by 
methylating i^oapoquinidine (jS-i^ocupreidine) 
(Pfannl, Monatsh. 1911, 32, 241 ; Panoth, 
ibid. 257; Konopnicki and Suszko, Bull. Acad. 
Polonaise, A. 1929, 340 ; Henry, Solomon and 
Gibbs, J.C.S. 1935, 966). It crystallises from 
moist ether or from dilute alcohol with 3 H 2 O, 
rn.p. 72°. The anhydrous base has rn.p. 142°. 
[a]j) —9*7° in alcohol, or +29° in 0-liV^-H2SO4. 
The neutral sulphatCy B 2 -H 2 S 04 , 7 H 20 , has 
[a]j) --47-l° in water (when dehydrated) (Henry 
et al.)y or —35-5° (as hydrate) Pfannl). 

y-moQuinidine is a stereoisomeride of the two 
preceding substances, and is formed along with 
a-i5oquinidine and with niquidine when quinidine 
is warmed with strong hydrobromic or hydro¬ 
chloric acid for 50 hours, and the product boiled 
with alcohohe potash (Domahski and Suszko, 
Rec. trav. chim. 1935, 54, 481). It crystallises 
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from aqueous acetone with 2 H 2 O, m.p. about 
70^^. The anhydrous base, which cannot be 
crystallised, has [ajj) +51*1° in alcohol. The 
acid nitrate has m.p. 196° and the hydriodide, 
m.p. 180°-183°. 

MeihylsiT^oquinidinCt 

CH3O—CgHfiN—CH(OH)—C^CH—CHg, 
an isomcride of the preceding three substances, 
is formed together with j 8 -isoquinidine when quini- 
dine is heated with 60% sulphuric acid, or by 
methylating a^oqiiinidine (Henry, Solomon and 
Gibbs, J.C.S. 1935, 966). It separates from 
ether or alcohol in anhydrous crystals, m.p. 185°, 
la]},*’ +278“ in O+JV-H^SO,, or +193-2“ in 
alcohol. J^Vom aqueous acetone it (jrystallist^s 
with 1JH,0 ,m.p. about 90°. The hydrocMoride 
B'HCljHgO, crystallises from water or alcohol; 
the anhydrous salt has m.p. 267°, [ajj) +174*7° 
in water. The geometrical isomeride of this 
substance, rmoisoquinidine, crystallises from 
ether with 2 H 2 O ; it has m.p. 83°, and [a]|, 
+ 198*6° in dil. H 2 SO 4 or +98*7° in alcohol 
(Henry, Solomon and Gibbs, ibid. 1937, 596). 

Niquidine (Domanski and Suszko, Hull. Acad. 
Polonaise, A. 1935, 457) is claimed to be 
isomeric with quinidiiie, and to have the partial 
structure 

CyHjo \ 

CH3O—Cj,H 6N-~CH(OH)—CH CHg, 

N 

in which the quinuclidine bridge has undergone 
rupture. It is also claimed to be an analogue of 
iiiqiiinc (se.e under Quinine) the composition of 
which is still in dispute. Niquidine occurs along 
with a- and y-i-voquinidine when the halogcno- 
hydroquinidines are dehalogenated with alcoholic 
potash. It crystallises from acetone, m.p. 161°, 
fa]j) +171° in alcohol. The acid oxalate has 
m.p. 206°-207° and the dihydro bromide, m.p. 
250°. It has a secondary nitrogen atom and 
forms N-acetyl and diacetyl derivatives. 

upoQuinidiner 

HO—CgHgN—CH(OH)—CflHiyN-O CH—CH3, 

is one of the phenolic products formed when 
quinidine is demothylatod with boiling 60% 
sulphuric acid (Henry, ISolomon and Gibbs, 
J.C.S. 1935, 966). It is soluble in sodium 
hydroxide solution, from which it is precipitated 
again by carbon dioxide. It crystallises from 
alcohol with lEtOH (m.p. 172°) or from 
acetone with IMCgCO (m.p. 178°-180°), 

and these can only be removed at 150°- 
160°. The anhydrous base has m.p. 185°-190° 
and [a]p +291*4° in dil. H 2 SO 4 or +208*6° 
in alcohol (figures calc, for anhydrous base from 
measurements on the alcoholate). The hydro- 
chloride^ B-HCI, which is yellow in aqueous 
solution, crystallises from alcohol with 1 EtOH 
(m.p. 183°-185°) which is replaced by 2 H 2 O 
on exposure to air (m.p. 235°), but which is not 
expelled on drying at 120°. The dihydrate of 
this salt is also obtained by crystallisation 
from water ; 1 HjO is readily expelled at 120 °, 
the other is more tenaciously retained. The 
geometrical isomeride of this substance, neoapo- 
guinidine, ciystallises from ether or alcohol, 
m.p. 260°, [a% +206*2° in dil. H^SO^ or 


+120*7° in alcohol (Henry, Solomon, and Gibbs, 
ibid. 1937, 595). 

isoapoQuinidine (j 3 -i 50 cupreidine), 

HO—C0H3N—CH(0)~C7HiiN—CH—CH3, 

is formed along with apoquinidino when quini- 
dino or / 3 -?‘soquinidine is demcthylated by boiling 
with 60% sulphuric acid (Henry and Solomon, 
J.C.S. 1934, 1923; Ludwiczak and Suszko, 
Bull. Acad. Polonaise, A, 1935, 65). It is a 
phenolic base soluble in alkali, and on methyla- 
tion affords j 9 -'woquinidine. It crystallises from 
alcohol, has m.p. 245° and [a]p —12*6° in alcohol, 
or +25*6° in 0 - 1 A-H 2 SO 4 . The hydrochloride 
has m.p. 255° and is yellow in aqueous solution. 

Apart from apo- and i^oapoquinidine, Ludwic- 
zakowna, Suszko and Zwierzchowski (Rec. 
trav. chira. 1933, 52, 847) find also “ cupreidine ’’ 
among the products obtained by the demethyla- 
tion of “ quinidine ” with boiling 60% sulphuric 
acid. The new phenolic base is claimed to bear 
the same stereo-chemical relation to cupreine 
as quinidine bears to quinine, i.e. that it is the 
phenol corresponding to quinidine, and quinidine 
is said to be regenerated from it on methyla- 
tion. The possibility, however, of such de- 
methylation without simultaneous isomerisation 
has been questioned (Henry and Solomon, 
J.C.S. 1934, 1923 ; Thron and Dirscherl, 

Annalen, 1935, 515, 252), and it has been 
made probable that the Polish workers’ “ cui)re- 
idine ” is hydrocupreidirio derived from the 
hydroquinino which may be j)resent to the 
extent of about 20 % in commercial quinidine. 

epiQuinidine^ C 00 H 24 O 2 N 2 , is epimeric with 
quinidine about the carbinol (CH-OH) group. 
It occurs naturally and can be isolated from 
“ quinoidine ” (the residues from quinine manu¬ 
facture) (Dirscherl and Thron, Annalen, 1935, 
521, 48), but is best obtained by epimerisation of 
quinine or quinidine by boiling with amyl 
alcoholic potassium hydroxide. There is formed 
a mixture in dynamic equilibrium of quinine, 
quinidine, eptquinino, and eptquinidino. The 
quinine being removed as xicutral tartrate, and 
the quinidine as acid tartrate, the two cpi-basea 
are isolated as dihydrocbloridcs ; the epi- 
quinine is then removed as the sparingly soluble 
dibenzoyltartrato. The residual epiquinidine 
dibenzoyltartrate is purified by recrystallisation. 
The base crystallises from ether in glistening 
leaflets, m.p. 113°, [a]]^ +102*4° (c-0*8648 in 
alcohol). It is very readily soluble in alcohol, 
but less so in ether. It is more strongly fluores¬ 
cent than either quinine or quinidine. The 
dibenzoyltartrate has m.p. 167°, and the 
dihydrochloride, m.p. 195°-196° (Kabe and 
others, Annalen, 1932, 492, 252, 258-261). 

Quinidine Chloride, 

CH3O—C3H5N—CHCI—C,H^iN—CH =-CH2, 

is prepared by treating dry quinidine hydro¬ 
chloride in chloroform with phosphorus penta- 
chloride (Comstock and Koenigs, Ber. 1885, 18, 
1223 ; Babe, Annalen, 1910, 373, 104). It 
crystallises from ether or a mixture of ether 
and benzene, m.p. 131“-132“, [ 0 ]^,“ +36-26<> 
(c= 1*943 in alcohol). It dissolves readily in 
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alcohol, benzene or chloroform fairly sparingly 
in dry ether, and very sparingly in light 
petroleum. The hydrochloride (Heidelberger 
and Jacobs, J. Amer. (Jicm. Soc. 1920, 42, IbOI) 
crystallises from a mixture of absolute alcohol 
and a little tlry ether in cream-coloured, woolly 
needles, m.p. i99"-206", [aj“® +47*7^ (c-1-017 in 
water). It is readily soluble in water or methyl 
alcohol, less readily so in chloroform and almost 
insoluble in acetone. 

Desoxyquinidinc , 

CH3O—C9H5N—CHa—C^H.^N—CH-CHg 

is prepared by reducing a dilute sulphuric acid 
soltuion of quinidine chloride with iron filings 
(Koenigs, Her. 1895, 28, 3147; Uabe, Annalen, 
1910, 373, 107 ; Giemsa and Halberkann, Ber. 
1921, 54, 1200). It separate's from ether or 
from a(pie^ous ac'ctone or alcohol with 2 H 2 O, 
m.p. 80'^-82^, [a]^’ for anhydrous base in alcohol 
4-211° (Uabe) or 4-194° (Giemsa and Halber¬ 
kann). It shows an intense violet fluorescence 
in tartaric acid as we'll as in alcoholiet solution. 
The hydrochloride (Heidelberger and Jacobs, 
J. Amcr. (4iem. 8 o(!. 1920, 42, 1501) crystallises 
from a mixture of alcohol and ether with the 
equivalent of 1 H 2 O, m.p. mdef. 125°-145° (dry), 
and 4-82° in water {dry). The salt is 

readily soluble in water, ah'ohol, or eihloroform, 
fairly readily in hot acetone and somewhat also 
in benzene. Desoxyquinidinc, which closely 
resembles quinene {q.v., under Quinine), is charac¬ 
terised by the ready solubility of its acid 
tartrate. 

Qaitenidiney 

CH3O—C9H5N—CH(OH)—C7H11N—CO2H, 

is obtained by the oxidation of quinidine in 
sulphuric acid s(»lution at 0 ° with potassium 
permanganate (Forst and Behringer, Ber. 
1882, 15, 1059). It crystallises from hot water 
or from dilute alcohol in leaflets with 2 H 2 O, 
m.p. 240°-246° {decornp.), 4-258° (c - 5 of 
anhydrous substance in A"-H 2 S 04 ) (Goodson, 
Henry, and M a chi', Biochem. J, 1930, 24, 881). 
It is soluble in 200 parts of cold water, but more 
readil y in hot water and very sparingl y in alcohol. 
As an acid it is soluble in alkalis ; it shows the 
thalleioquin reaction and a blue fluorescence in 
dilute sulphuric acid solution. The acid sul¬ 
phate, B-H 2 S 04 , 3 H 20 , crystallises from dilute 
alcohol. 

ep/QuinIdine. —See binder Quinidine. 

Quinine, C 20 H 24 O 2 N 2 , is the most important 
of the cinchona alkaloids. It was first isolated 
by Pelletier and Caventou (Ann. Chim. 1820, 15, 
348) from the “ cinchonino ” of Gomes (1810), 
a crystalline mixture of alkaloids obtained 
from Vauquelin’s “ quina ” (1809); the latter 
was an amorphous t‘xtra(!t of cinchona bark, 
and had been first prepared by Fourcroy in 
1792. Quinine occurs in all genuine cinchona 
barks, and particularly in Calisaya bark, the 
cultivated descendant of which, C. Ledgeriana^ 
being made to yield as much as 8 % of quinine. 
For an account of the occurrence of quinine, 
of the cultivation and commercial liistory of 
cinchona plantations, of the extraction, prepara¬ 


tion, estimation, and detection of quinine, as 
well as of the detection of impurities therein, 
the reader is directed to the first three sections of 
this article. 

The quinine of commerce usually contains 
cinchonidine and hydroquinine as impurities. 
These are readily removed by recrystallisation 
of the sulphate, acid sulphate, dihydrobromide, 
d-camphorsulphonate, or d-bromocarnphor- 
sulphonate, or by regeneration of the base from 
the periodide known as herapathitc {see Hesse, 
Pharm. J. 1884, 15, 859 ; 1885, 16, 358, 818 ; 
1886, 17, 585 ; Tutin, ibid. 1909, 83, 600 ; 
Emde, Helv. Chim. Acta, 1932, 15, 574 ; Buttle, 
Henry, and Trevan, Biochem. J. 1934, 28, 433). 
Hydroquinine may also be removed by the 
mercuric at^etato process of Thron and Dirscherl 
(Annalen, 1935, 515, 252). 

3110 percentage composition of quinine 

(C 

10 H 12 ON) was first correc'tly determined by 
Liebig (1838) ; the empirical formula 

C 20 H 24 O 2 N 2 

assigned to it the same year by Begnault was 
not established until 1851, when Strecker 
confirmed it by analystvs of cpiinine alkyliodides 
(Annalen, 1854, 91, 155). For the constitution 
of quinine and other (iinchona alkaloids, v. 
section 5 (p. 137) of this article. 

Quinine base is precipitated from aqueous acid 
solutions of its salts at first as a white, anhydrous, 
amorphous powder. I'o avoid precii)itating the 
frequently sparingly soluble neutral salts 
(particularly, for example, the sulphate : 

2 (B'H 2 S 04 )+ 2 Na 0 H 

= B 2 H2S04+Na2S044 2 H 2 O), 

this operation is best performed by introducing 
the alkaloidal solution very slowly into a large 
exc(;ss of the well-stirred solution oi‘ the alkali. 
When ammonia is used as the precipitating 
agent, the amorphous base gradually turns into 
a crystalline efHorescent trihydrate, B-SHgO, 
m.p. 57°. 1 HgO is lost on drying in the air, so 
that the article of commerce is usually B' 2 H 20 ; 
the other two water molecules are removed over 
concentrated sulphuric acid or on drying in an 
oven. The anhydrous base can also be obtained 
by crystallisation from hot dilute alc.ohol, boiling 
water, or ammonia solution at 100 ° under 
pressure, or by precipitating a hot solution of a 
quinine salt with sodium carbonate or bicarbon¬ 
ate. Quinine separates from benzene in crystals 
of the composition B,CgHQ. Anhydrous quinine 
base has m.p. 173-5°, [aJi^ in alcohol —169-3° 
(c=2) (Hesse, Annalen, 1875, 176, 206), or 
-167-5° (c-1-6) (Oudemans, ibid. 1876,182, 44), 
or -158-2° (c=2-136) (Babe, ibid. 1910, 373, 
100 ); fali^ in chloroform —116° (c=^ 2 ); fa]D in 
dilute hydrochloric or sulphuric acid —278° to 
-279° (c-1-6) (Oudemans), or -284-5° (c-0-8, 
i.e, an Jlf/40 solution) (Buttle, Henry and 
Trevan, Biochem. J. 1934, 28, 436). One part of 
quinine requires for solution nearly 2,000 parts of 
cold water, but dissolves in about 1,000 parts of 
boiling water ; the presence of fixed alkalis 
lowers the solubility, but ammonia augments it, 
supersaturated solutions being readily formed. 
Quinine dissolves in less than its own volume of 
alcohol; in ether its solubility depends greatly 
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on tho quality of the solvent, and widely 
varying figures have been published (1 in 4-5 to 
1 in 114) ; it is more soluble in wet other than 
in the dry solvent, and, as with ammonia, 
readily forms supersaturated solutions, which 
may account for some of the high solubilities 
recorded. On evaporation, ethereal solutions 
leave a residue consisting of a resinoid mass. 
Quinine is very soluble also in chloroform (1 in 2 
parts), but requires nearly 200 parts of carbon 
tetra(!hloride. 11 is fairly soluble in ethyl acetate, 
sparingly in cold but fairly readily in hot ben- 
Z(;ne, and is almost insoluble in light petroleum 
(b.p. 60°) (I in 5,000 parts). Dilute solutions of 
quinine in dilute sulphuric and other oxy-acids 
exliibit a blue fiuorescence, which is weakened 
and may even be destroyed by the addition of 
halides, ferrocyanides, or thiosulphates. I'his 
property enables one part of quinine to bo 
detected in several hundred thousand parts of 
wat-cT. The thalloioquin reaction is not quite so 
delicate ; a faintly acid solution of quinine is 
treated with chlorine or bromine water drop by 
drop until there is a slight excess of the halogen 
(bleaching powder is sometimes used), when on 
addition of an excess of dilute ammonia solu¬ 
tion, a rich emerald green coloration or pre¬ 
cipitate is produced. 

Quinine undergoes a variety of chemical re¬ 
actions ; the products are de'seribed in greater 
detail below. On heating with dilute organic 
acids, or on melting certain salts, or on heating 
them in glycerol, quinotoxine (quinicine) is 
formed ; with mineral acids quinine undergoes 
isomerisation to 2 <s*oquinine, and also simul¬ 
taneous demethylatiori, fl^ofjuinine and other 
phenolic substances being formed. Totassium 
permanganate oxidises it to quitenine, and 
chromic acid to quininic acid and to niero- 
quineno and its oxidation products {.see under 
Cinchonine). On catalytic hydrogenation it 
gives rise to hycb*oquinine. 

Quinine Sulphate, 62 * 142804 , crystallises from 
boiling water probably with SHgO. Being very 
efflorescent, however, the water content is 
difficult to determine with ac'curacy, and is often 
given as 7 and 7-5 HgO. Tho latter hydrate is 
official in the “British Pharmacopeia,” 1932 
(p. 370). The salt, the aj)pearance of which is 
influenced by impurities, forms a light mass of 
(colourless, odourless, glistening silky needles, of 
intensely bitter taste. They rapidy effloresce on 
exposure or on warming at 50° with the formation 
of lustreless crystals, Bj-H 2804 , 2 HgO, which 
constitutes the stable form, and is formed also 
from the anhydrous salt on exposure. The 
anhydrous salt, which can be obtained by drying 
at 100°, has [aJi, —235° (c=l in dil. H 2 SO 4 ) 
(Tutin, Pharm. J. 1909, 83 , 603). The salt with 
7*5 H 2 O requires for solution nearly 800 parts 
of cold water, but dissolves in 30 parts of boiling 
water. It is soluble in 65 parts of cold 90% 
alcohol, less soluble in absolute alcohol, and very 
soluble in hot 90% alcohol. It also dissolves 
in 30 parts of glycerol, but hardly at all in 
ether or chloroform, although in a mixture of 
the latter with alcohol it is more soluble than 
in either solvent alone. Quinine sulphate is 
faintly alkaline to litmus, and on exposure to 
light slowly turns yellow. 


Quinine Acid Sulphate (bisulphato), 

6*62804,7620, 

crystallises from w'ater in small, colourless, 
transparent or opaque, acicular crystals. It is 
odourless, but intensely bitter. Tho salt is 
efflorescent and light-sensitive. Aqueous solu¬ 
tions are fluorescemt, and acid to litmus, but not 
to Congo red. The anhydrous salt has m.p. 16(1° 
{deco7nj).) and [a])f—211*7° (c -Idffl, i.e. an 
il//40 solution in water). It is soluble in about 
10 parts of cold water or 20 of alcohol, but is 
much more soluble at higlnu* temperatures. 
The ielrrusulphate,'' 6 * 262804 , crystallises 
from water with 7600 or from alcohol with 
562 O. It is very soluble in water, less so in 
alcohol. 

Quinine Hydrochloride, B* 6 CI, 2620 , forms 
colourless glist(ming needles, which are efflores¬ 
cent in warm or (Iry air. The anhydrous salt 
has m.p. 158°-] 60°, and [a|f) —1558° in 
water, and about the same rotation in alcohol. 
It is remarkable in having a greatly diminished 
rotation in chloroform ( — 57° in 1%, and only 
- 21° in 9% solution). The solubility of this 
salt in water is given variously between 2*5 and 
6 %; it is very soluble in alcohol, chloro¬ 
form, or boiling water. The dihydrochlorid.e, 
6*26Cl, forms a white crystalline jx^wder, 
m.p. 180°-185° {decamp.), very soluble in water, 
less so in alcohol. 

Quinine 11 ydrohroin ide, 6 * 6 B r, (Tystal lises 
with 1 62 O according to Hesse ((flicm. Zentr. 
1902, ii, 953), but with 262 O according to tho 
“British Pharmaceutical Cod(*x,” 1934, 887. 
It is soluble in 55 parts of cold water, but is 
readily soluble in alcohol, chloroform, or boiling 
water. Then dihydrobrornide, B* 26 Br, 3620 , is 
very soluble in watcu* or alcohol. 

A very large number of other salts, derivative's 
and preparations of quinine, are known ; only a 
small selection, however, can be given here 
of those that are available for use in 
medicine. 

Quinhie and Urea Hydrochloride, 

B- 6 CICO ( 662 ) 2 - 601 , 5620 , 

is prepared by dissolving a, molecular proportion 
of urea (60 parts) in a solution of quinine hydro- 
chkjride (400 parts) in 300 parts bydrodiloric 
acid (sp.gr. 1*05). The salt having the above 
composition crystallises out. It has m.p. 72° 
and is soluble in one part of water and 
two parts of alcohol. It is acid to litmus in 
aqueous solution, and gives the fluorescence 
and thalleioquin reactions characteristic of 
quinine. A similar preparation is (piinine and 
urethane hydrochloride, usually prepared as a 
solution for injection (“British Pharmaceutical 
Codex,” 1934, pp. 889, 1287). 

Quinine Acetylsalicylate, B*Cj) 6 g 04 , prepared 
by mixing alcoholic solutions of the com¬ 
ponents, is a white crystalline powder, m.p. 
about 160°, soluble in 330 parts of water, or 50 of 
alcohol. 

Quinine Citrate, B 3 *Cg 6 g 07 , 7 * 6620 , or 
B 2 *C 66 g 07 , 7620 , white needles, soluble in 
about 1,000 parts of water. 
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Quinine Diaalicylomlicylate or bisaHcylo- 
ealicylate (“ quinisal,” “ quinisati ”), 

is prepared by mixing quinine acid sulphate and 
sodium salioylosalieylate in aqueous solution. 
It is described as a white micro crystalline powder 
having only a slightly bitter taste, insoluble in 
water and very soluble in alcohol. 

Quinine Formate (“ quinoform ”), B-CH202, 
consists of crystals, m.p. about 130°, fairly 
soluble in water. 

Quinine Glycerophosphate (“ kineurine ”), 
B2*C3H703-H2P03,4H20, from quinine hydro¬ 
chloride and calcium glycerophosphate, occurs 
in crystals, m.p. 154°, soluble in 200 parts of 
water. It is bitter. 

Quini?te Hypophosphite^ B-H3P02,2H20, is a 
crystalline or amorphous powder fairly readily 
soluble in water. 

Quinine lodohismuthate^ (Bi lg)2*B*2H I, a red 
amorphous powder prepared by mixing solu¬ 
tions of quinine hydrochloride, bismuth cMoride, 
potassium iodide, and hydrochloric acid (Fran- 
9oi8 and S6guin, J. Pharm. Chim. 1925, 2, 59). 

Quinine Phosphate^ B3-2H3P04,GHgO, or 
B2H3P04,8H20, occurs in needles which 
resemble quinine sulphate both in appearance 
and solubility. 

Quinine Salicylate, B-C^HgOgjHgO, from 
quinine sulphate and sodium salicylate in 
aqueous solution. It occurs in white silky 
needles, very sparingly soluble in water. j 

Quinine Tannate is prepared by mixing solu¬ 
tions of quinine sulphate and tannic acid in the 
presence of ammonia. It is a pale yellow, 
amorphous powder, having an astringent, barely 
bitter taste. It is slightly soluble and only 
slowly absorbed. 

Quinine Valerate (valerianate), 

BC3H10O2H2O, 

consists of colourless, lustrous, pearly crystals, 
or of a white, micro-crystalline powder, m.p. 
about 90°, slightly soluble in water, and having a 
bitter taste and a faint odour of valeric acid. 

Quinine Carbonate (dic^uinine carbonate, “ ari- 
stochin ”), 

CHgO-CpHgN-^CHO-CyHiiN-CH-CHg 

c==o 

CH3O-C9H5N-CHO-C7H11N-CH-CH2 

is a tasteless, amorphous, insoluble powder, 
m.p. 189°, made by treating quinine with 
phosgene in benzene solution. 

Quinine Ethylcarbonate British Pharma¬ 
copoeia,” 1932), 

CHa0-C3H3N-CH(0-C0-0C2H5)-C7HnN-CH-CH2, 
occurs in white, almost tasteless, needles, m.p. 
about 90°, slightly soluble in water. It is 
made by treating quinine with chloroformic 
ester (CI-COaCgHe) in benzene solution. 

The following are the principal derivatives, 
transformation, and degradation products of 
quinine, which at present are only of academic 
interest: 


Acetylquinine, 

CH30-CgH5N-CH(0-C0-CH3)-C7HiiN-CH-CH2, 

was first prepared by Hesse (Annalen, 1880, 205, 
317; cf. Beckett and Wright, J.C.S. 1876, 29, 
657) by warming quinine with acetic anhydride. 
Other methods have been patented by Vereinigte 
Chininfabriken, Zimmer & Co., G.ra.b.H. 
(G.P. 128116/1902, 178172, 178173/1906). It 
crystallises from ether in prisms, m.p. 108°, or 
from light petroleum, m.p. 116°-117°, has [a]j, 
—54-3° in alcohol, or ~ 114-8° in dilute acid, and 
is readily soluble in alcohol, ether or chloroform. 
It is almost tasteless and can bo hydrolysed back 
to quinine. 

Bemzoylq ui n ine, 

CH3O—CeHgN—CH(0-C0-C8HB)-C7HjiN-CH-CH2, 
was first made by Schiitzenberger (Annalen, 
1858, 108, 352; cf. Wunsch, Ann. Chim. 1896, 
[viij, 7, 127) by the action of excess of benzoyl 
chloride on quinine on the water bath. Other 
methods have been patented by Vereinigte 
Chininfabriken, Zimmer & Co., G.m.b.Il. 
(G.P. 128116/1900, 178172, 178173/1905). It 
crystallises from ether, m.p. 139°, (aju -f 121-6° 
in alcohol, and forms a hydrochloride, 

B-HChJHgO, 

which when dry has m.p. 226°. 

Quinine Methiodide, 

CH30-CpHaNCH(0H)C7HiiN(CH3l)-CH:CH2. 
is obtained when equimolecadar proportions 
of the components react in ethereal or alcoholic 
solution in the cold (Claus and Mallrnann, 
Bcr. 1881, 14, 76 ; Hesse, ibid. 1895, 28, 1298). 
It crystallises from water in colourless needles, 
with 1 or 2H2O, m.p. 233°-236° {decomp.), 
is very sparingly soluble in other or chloroform, 
sparingly in cold water, but readily so in 
alcohol. The dimethiodide, 
CH 30 -Cs)H^N(CH 3 l)-CH( 0 H)-C 7 H 4 jN(CH 3 l)CH:CH 2 , 

is formed from it (also from cupreine and from 
quinine) by boiling with an excess of methyl 
iodide in alcoholic solution. It crystallises from 
water in yellow platens with SHgO, m.p. about 
160° {decomp.). 

Quinine Ethiodide, 

CH30.C3H3NCH(0H)C7Hi,N(C2H5l)CH:CH2. 
crystallises from water with 1 HgO. The an¬ 
hydrous substance has m.p. 210°-211° and [ajj^ 
— 105° in alcohol. It is readily soluble in 
alcohol, but sparingly so in cold water. 

Isomeric Quinine Ethiodide, 

CH 30 C 8 H 3 N(C 2 H 5 l)CH( 0 H)-C 7 HiiN-CH;CH 2 , 

(Skraup and von Norwall, Monatsh. 1894,16, 47) 
is obtained as the hydriodide (m.p. 234°, dry) 
by heating quinine hydriodide with ethyl 
iodide in alcoholic solution at 100° (sealed tube). 
It crystallises from 60% alcohol in needles with 
SHgO, m.p. 93°, and is very soluble in alcohol, 
but sparingly so in water. 

Quinine Diethiodide, 

CH30-C3H3N(CaH3l).CH(0H)-C7Hi,N(C3H3l)CH:CH3 

prepared from either of the two preceding sub¬ 
stances by boiling with ethyl iodide in alcoholic 
solution, crystallises with 1 HgO, m.p. 167°~160°. 
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a-Chlorohydroquininef better, a-chlorodihydro- 
quinine (component of “ hydrochloroquinino 

CH 30 >C 9 HgN-CH( 0 H)-C 7 HnNCHCI-CH 3 , 
is prepared either by leaving quinine hydro¬ 
chloride to stand in hydrochloric acid (saturated 
at —17°) for several weeks (Comstock and 
Koenigs, Ber. 1887, 20, 2517), or by heating with 
the ordinary concentrated acid at 85° in a sealed 
tube (Hesse, Annalen, 1893,276,125). a-Chloro- 
hydroquinino is isolated from the products 
and purified first as acid nitrate, and then by 
crystallisation and recrystallisation of the 
base from methyl alcohol (Goodson, J.C.S. 
1935, 1095), when it separates in anhydrous 
rhombs, m.p. 210°-215° {decomp.), —251° 

(c==0*5 in iV-HCI). The acid nitrate 
B- 2 HN 03 , has m.p. 212°, and the tartrate, 
B2-C4Ho 06,7H20, 198°(dr2/). 

a 'Chlorohydroquinine is epimeric with the 
preceding substance at the carbon atom which 
carries the chlorine atom. It is formed along 
with it, the mixture constituting “ hydro¬ 
chloroquinino ” (Goodson, I.C.). It is found 
in the mother-liquors from the methyl alcoholic 
crystallisation of the bases, whence it is 
isolated as acid nitrate, the base recovered, 
and recrystallised from benzene. It crystal¬ 
lises with solvent of crystallisation, but on 
exposure to air, the benzene is replaced by water. 
The anhydrous base has m.p. 194°, decomp, 225°, 
and [a]p -168*1° (c-0-5 in A-HCI). The 
acid nitrate, B' 2 HN 03 , has m.p. 223°, and the 
tartrate, B 2 *C 4 He 06 , 2 H 20 , 228° (dry), 

a-Bromohydroquin ine, a-bromodihydroquin- 
ine, hydrobromoquinine II (component of 
“ hydrobromoquinine ”), 

CHgOCaHgN-CHfOHlC^HiiNCHBrCHa, 
is prepared by causing quinine dihydrobromido 
to react with hydro bromic acid (saturated at 
— 17°) at room temperature for 3 days (Comstock 
and Koenigs, Ber. 1887, 20, 2518), or by heating 
quinine hydrochloride with 38% hydrobromic 
acid in acetic acid at 80° for 2J hours (Podlewski 
and Suszko, Bee. trav. chim. 1936, 55, 392). 
a-Brornohydroquinine base is isolated from the 
products by crystallisation from ether, and 
purified by recrystallisation from acetone, when 
it separates in the form of prisms, m.p. 166 °-167° 
{decomp.), [a]j, —200° in alcohol-chloroform 
(1: 2). With alcoholic potash it gives rise to 
niquine {see below). 

a -Bromohydroquinine (hydrobromoquinine I), 
epimeric with the preceding substance at the 
carbon atom which carries the bromine atom 
(Podlewski and Suszko, l.c.), is formed along 
with it, and is isolated from the ethereal mother- 
liquors of mixed bromo-bases by recrystallisation 
from benzene. It separates with one molecule 
of solvent of crystallisation, has m.p. 160°-162° 
{decomp.), and [aJu —50° in alcohol-chloroform. 
With alcoholic potash it gives rise to )5-woquinine 
(see below). Its quarternary metho-p4oluene- 
sulphonate crystallises from water, m.p. 193°- 
194°. 

a-Iodohydroquinine, a-iododihydroquinine, 
hydroiodoquinino II (component of “ hydro- 
iodoqiiinine ”), 

CH3O—CgHjN—CH(OH)~C7HiiN—CHI—CHg, 


is formed when quinine is heated with hydriodic 
acid (sp.gr. 1*7) on the water bath for 1 or 2 
hours (Lippmann and Fleissner, Monatsh. 1891, 
12, 327, and later papers ; Skraup, ibid. 431, and 
later papers). The ejumerides formed are 
isolated as dihydriodides; the bases are then 
liberated, and separated from one another by 
crystallisation from benzene and from ether 
(Rosenraund and Kittler, Arch. Pharm. 1924, 
262, 20; see also Reyman and Suszko, Bull. 
Acad. I’olonaisc, A, 1935, 360). a-Iodohydro- 
quinine on heating begins to decompose above 
100°, and the decomposition reaches a climax 
at about 150°. The specific rotation is—128° 
(Rosenmund) or —217° (Reyman and Suszko). 
On boiling in benzene solution, or on treatment 
with alcoholic potash, niquine {see below) is 
formed. 

i a-lodohydroquinine, hydroiodoquinino I, is 
the epirneride of the foregoing compound. 
According to Rosenmund and Kittler {l.c.) it 
has the same melting-point, but [a]j) —74*3°. 
According to Reyman and Suszko {l.c.), how¬ 
ever, it crystallises with one molecule of benzene 
and melts at 93°, re-soliditles and then decom¬ 
poses at 130°-140°; it cannot bo freed from 
benzene without decomposition; the crystals 
containing benzene have [ajp —18° in alcohol. 
The methiodide has m.p. 112°-114°. On boiling 
with benzene, or on treatment with alcoholic 
silver nitrate or potash, a'-iodohydroquinino 
gives rise to p-isoquinine {see below). 

The hydroxy-compound corresponding to the 
above halogen-derivatives is said to bo formed 
when quinine is treated with cold concentrated 
sulphuric acid, and the resulting sulphonic acid 
saponified by boiling with dilute sulphuric acid 
(Vereinigto Chininfabriken, ZiJiimer & Co., 
G.m.b.H., G.P. 152174/1904). 

By treating quinine with the halogen hydracids 
and w'ith sulphuric acid under more drastic 
conditions, there is obtained a series of halogeno- 
hydroa/>oquinines and a hydroxyhydroapo- 
quinine respectively, differing from the pre¬ 
ceding substances only in having a hydroxyl in 
place of the methoxyl group in the ff-position of 
the quinoline nucleus. These phenols, however, 
have not been so fully studied. 

a-moQuinine, nwapoquinine methyl ether 
(component of “ p^ewdoquinine ”), 

CH3O—CpH.N—CH(OH)—CflH^oN> C = CH—CHy, 

is formed in small quantity when quinine is 
heated with sulphuric acid (ap.gr. 1-61 at 100°) 
(Bottchcr and Horovitz, Monatsh. 1912, 83, 
571), but is probably better obtained by the 
methylation of i6foapoquinine. It is isolated 
from the other products of the reaction as the 
tartrate, and is purified by recrystallisation of the 
base from benzene. It has m.p. 196*5°, [ajj^ 
—245° (c=l in alcohol). 

P-imQuinine, i^oquinine, upoquinine methyl 
ether (component of “ pseudoquinine ”) is the 
geometrical isomeride of the preceding substance. 
It is formed together with a-esoquinine, niquine, 
and other substances when quinine is heated 
with sulphuric acid (sp.gr. 1*61) at 100° (Bottcher 
and Horovitz, ibid. 576), when the halogeno- 
hydroquinines are dehalogenated {see, for 
example, Suszko, BuU. Acad. Polonaise, A, 1925, 
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129), and when ct^oqninine is methylated («ee, for 
example, Henry and Solomon, J.C.S. 1934, 1928 ; 
with Cibbs, ibid. 1935, 968). In the first two cases 
it is formed as the principal c omponent of the 
products, which may c;ontain also unchanged 
(quinine, a-^fioquiniiie, niquirie, and hydroxy- 
hydroquininc. It is isolated tc^gctlier with the 
tjuinine and a-?* 6 ’oquiriine in the ether-soluble 
fraction ; the quinine and a-/. 9 oquinine may be 
removed as the sulphate and tartrate respeo- 
tivcdy, the jS-hvocpiinine being then isolatecl as 
the oxalate, and purified by recrystallisation of 
the base preferably from acetone, but also from 
dilute alcohol, ether or benzene. It has m.p. 
189"’ (Bottchc^r), fa]i) - 201"’ in alcohol (Henry) or 
-192"’ ( — 195") (Bottcher, 8 uszko), —295*9"’ 
in dilute sulphuric acid. The hydrochlcjride 
has m.p. 249'-251°, fajjj —174"’ in water, and 
the sulphate, m.p 220 °. 

Niquine, of dis])uted composition, the formulai 
in cjuestion being CigH 2402 N 2 , C 20 H 24 O 2 N 2 , 
and C 2 ()H 2 e 02 N 2 , is forrncal when iodo-, or 
broinohydroquinine is chdialogcnated. This may 
bo effected either by treatment with alcoholic 
potash or alc'oholic silver nitrate, or by boiling 
the halcjgcno-bases in benzene solution. When 
using the crude mixture of a- and a'-halogeno 
formed by the treatment of quinine with halogen 
hydraeids, the dehalogenation gives rise to a mix¬ 
ture of niquine and ^-isoqumine. It is also said 
to bo formed in minute amount together with 
P-iso({mnino, when ({uinine is treated with sul¬ 
phuric acid (Ciemaa and Oesterlin, Ber. 1931,64, 
[Bj, 60). Niquine crystallises from boiling water, 
or dilute alcohol, with 2 H 2 O, m.p. about 100 ”. 
It is almost insoluble in moist ether. The water 
is lost in a desiccator and the anhydrous base 
then melts at 146"’, and becomes soluble in dry 
ether. The anhydrous base has [a]j) —129° in 
alcohol. It is generally agreed that niquine 
contains the hydroxyl group of quinine intact ; 
but that the quinudidine nitrogen atom is 
changed from tertiary to secondary, because 
niquine forms a diacctyl-derivative, and a N- 
nitrosamine. It reacts additively w ith hydriodic 
acid, and is largely regenerated from the resulting 
compound by treatment with alcoholic potash, a 
small amount of “ iaoniquine ” being also 
formed (Skraup, Monatsh. 1893, 14, 440 ; for] 
the remaining literature of niquine, nee Lippmann I 
and Fleissnor, ibid. 555 ; Kosenmund and j 
Kittlcr, Arch. Bharm. 1924, 262, 23; Suszko, 
Bull. Acad. Polonaise, A, 1925, 129; Kcyman 
and Suszko, ibid. 1935, 360; Podlewski and 
8 uszko, Kec. trav. chim. 1936, 55, 392; for 
constitution by analogy with cinchonhydrine, 
which wdU be found under Cinchonine, see also 
references given there). 

ayoQuininef j3-i50cupreine, 

HO—CgHjjN—CH(OH)—C6 Hh,N> C-CH—CH3, 

is the principal crystalline component of the j 
amorphous mixture obtained when quinine is 
demethylated or cupreine isomerised with hot 
dilute mineral acids or with aluminium chloride. 
The amorphous mixture was first obtained by 
Hesse (Annalen, 1880, 205, 323) who, taking it to 
be a single substance, caUed it “ apoquinine.” 
It is best prepared by boiling quinine with 60% 
sulphuric acid (Jarzyhski, Ludwiczakdwna, and 


I Suszko, Kec. trav. chim. 1933, 52, 841), and can 
be freed from its congeners by repeated re¬ 
precipitation, followed by fractional crystallisa¬ 
tion of the acid sulphate or of the dihydro¬ 
bromide (Henry and Solomon, J.C.S. 1934, 
1927). apoQ,uinine, which is persistently amor¬ 
phous until fairly pure, crystallises from ether, 
alcohol or acetone, in each (;aso with solvent 
of crystallisation, which is removed with 
dilficulty, and not without loss of the crystalline 
state. It froths at 184°, and the froth becomcis a 
clear liquid at about 205°; the anhydrous 
base has -214*8° (c-0*775 in alcohol), 

or -281° (c-0-784 in 0-1A-H2SO4). apo- 
Quinine is a phenolic substance, soluble in 
alkalis and is precipitated therefrom by 
passage of carbon dioxide. In common with 
other phenolic bases of the cinchona series, it 
forms neutral salts, which are intensely yellow 
in aqueous solution, the colour being discharged 
by the addition of at'ids. It is non-fluorescent, 
and does not respond to the thalleiocjuin test. 
A series of alkyl (Thers has been prepared in 
Kurope, America, and in Japan, which promise 
to be of similar interest to the c-orresponding 
ethers of hydrocupreine (see Buttle, Henry, 
Solomon, Trevan and Cibbs, Biochem. J. 1938 
32, 47). The methyl ether is fi-isoquininc. 
apoQuini/ie hydrochloride crystallises from 
water or alcohol, m.p. 272*5°, —163*8° 

in w'ater. The acid sulphate, when anhydrous, 
has [ajj) —223° in water ; tho scsquioxalalc 
melts at 225°, and tho dihydrobromidr, which 
crystallises from ahiohol, m.p. 255°, {ajp 
—180*9° in water, tends to lose HBr by dis¬ 
sociation. 

isoapoQaiw/ae, a-hs*ocupreine, is the geo¬ 
metrical isomeride of apo(piinine, which it 
greatly resembles, iind on metbylation yields 
a-i.9oquinine. it is formed together with apo- 
quinine and hydroxyhydroapoquinino when 
quinine is demethylated with sulphuric acid 
(Henry, Solomon and Gibbs, J.0.8. 1935, 967). 
it occurs in tho mother-liquors from the acid 
sulphate or dihydro bromide fractionations of 
impure apoquinine. The latter salt, however, 
although the more soluble of the two in alcohol, 
is the less soluble in water. The base crystallises 
from acetone containing a little alcohol with tho 
equivalent of SHgO, or preferably from methyl 
alcohol. It froths at 190° and finally decom¬ 
poses at 275°. The substance, like a-woquinine, 
is remarkable for its high optical rotation, tho 
anhydrous base having [a]|f —261*7° (c= 
0*775 in alcohol), or —364°in dilute acid. The 
hydrochloride has m.p. 271° and [aJj, —194*5° 
in water ; tho dihydrohromide has m.p. 136°-*- 
140°, being thereby readily distinguished from 
apoquinino dihydrobromide, which melts at 
255°. 

Quinotoxine (quinicine), 

CH3O—CgH^N—CO—CHj—CHa—C5H3N—CH - CHj, 

is said to occur in cinchona bark, but is best 
prepared from quinine or quinidine, either by 
heating their acid sulphates (Pasteur, Compt. 
rend. 1853, 87, 111; Hesse, Annalen, 1875, 
178, 245), or by boiling the bases with dilute 
acetic acid (von Miller, Rohde and Fussenegger, 



CINCHONA ALKALOIDS. 


177 


Ber. 1900, 33, 3228). It has also been obtained 
by heating quinine with glycerol at 210® (Hesse, 
Annalcn, 1873, 166, 277). Quinotoxine is a 
yellowish amorphous mass, which becomes an 
oil at about 50° to 60°. It has [a]}f -f44-I° 
(c^ 2 in chloroform) (Hesse), or +38-7° (Howard 
and Chick, J.S.C.I. 1909, 28, 55). It is almost 
insoluble in water, but readily soluble in alcohol, 
ether or chloroform. It is a strong base which 
absorbs carbon dioxide from the air, and dis¬ 
solves, when freshly precipitated, in ammonium 
salt solutions, expelling ammonia. It dissolves 
in mineral acids with a yellow colour, but does 
not fluoresce. With chlorine water and ammonia 
it yjroduces the characteristic green coloration 
(thalleioquin). Quinotoxine hydrochloride (B - H CI) 
is recommended for tne isolation of the 
toxine ; it has m.p. 180°-182°, [ajj, -fl5° 
(average) in water (Heidelberger and Jacobs, 
J. Amer. Chem. Soc. 1919, 41, 832). The 
neutral sulphate^ 82*142804,3H2O, crystallises 
from alcohol in prisms, and dissolves readily 
in water. The oxalate, B2*C2H204,9H20, 
often used for the isolation of the toxine, 
crystallises from chloroform or alcohol, and 
is very sparingly soluble in water ; the 
anhydrous salt has m.p. 166°-167°, +24° 

(r 2 in 1 vol. alcohol and 2 vols. chloroform) 
(Dirscherl and Thron, Annalcn, 1935, 521, 64). 
Otlier crystalline salts are the hydriodide, tliio- | 
eyanate, tartrate, and iflatinidiloride. Quino¬ 
toxine is a ketonic secondary-tertiary base. 
Its p-hromophenylhydrazone. melts at 141°, 
and its N-methyl-derivative, identical with the 
“ methylquinine ” of Claus and Mallmann (Ber. 
1881, 14, 79) and the “ methylquinidino ” of 
(flaus (Annahm, 1892, 269, 234), can be obtained 
either by direct mcthylation or by boiling 
quinine or quinidine mcthiodide with a([ueou 8 
alkali (phenylhydrazonc, m.p. 135°-136°). Quino¬ 
toxine forms an I'i'onitroso- derivative w ith amyl 
nitiitc, and a N-nitroso- derivative (nitrosamiiie) 
with nitrous acid. 

epiQuinine, ^ 20 ^ 2402 ^ 2 ’ is epimeric with 
quinine about the carbinol (CH-OH) group. 
It occurs naturally, and can be isolated from 
“ quinoidine ” (Dirscherl and Thron, Annalen, 
1935, 521, 48), but w^as first obtained by 
epimerisation of quinine or quinidine by boiling 
with amyl alcoholic potassium hydroxide when 
there is formed a mixture in dynamic equilibrium 
of quinine, quinidine, ep/quinine and e.pi~ 
quinidine. The quinine and quinidine being 
removed as neutral and acid tartrate respec¬ 
tively, the two epi-bases are isolated together as 
dihydrochlorides ; the epiquinine is then 
separated as the sparingly soluble di benzoyl- 
tartrate, which cannot be recrystallised, and 
can only be purified by recovering the base and 
converting back to dibenzoyltartrato. The pure 
base is a colourless, viscous oil, [ajjf +43*3° 
(c=0*9494 in alcohol). It is readily soluble in 
most organic solvents, and is more strongly 
fluorescent in dilute sulphuric acid than the 
arent alkaloids. Its dihydrochloride crystal- 
ses from acetone, m.p. 196°, [a]jj +33*3° in 
alcohol, and its dibenzoyltartrate, also from 
acetone, has m.p. 159° (liabe et al., Annalen, 
1932, 492, 252.) 

Vol. UI.—12 


Quininonty 

CH 3 O—CgHjN—CO—C,H 4 iN~CH=-CH,, 

is obtained in low yield by the gentle oxidation 
of quinine or quinidine with chromic acid 
(Babe and Kuliga, Annalen, 1909, 364, 346, 
349). It is best prepared indirectly from quino¬ 
toxine by N-bromination with sodium hypo- 
brornite, followed by treatment of the N- 
bromotoxine (m.j). 123°), with sodium ethoxide 
(Habe, Z. angew. Chem. 1913, i, 543; R.ibe and 
Kindler Ber. 1918, 51, 466). It separates in 
almost colourless crystals from ether, melts at 
101 ° (108°), and shows mutarotation, the final 
value at 20° being +75-5° (c—2 in alcohol) (Rabe, 
Kuliga and Marschall, Annalen, 1910, 373, 116, 
117). It is readily soluble in most organic 
solvents, but not in WMter. It dissolves slightly 
in aqueous alkalis with a yellow colour (enolisa- 
tion). The hydrochloridey B*HCl, forms a very 
hygroscopic pale yellow, crystalline powder, 
m.p. 210°~212°, (a]j) (final value) +58*5° 

in alcohol. Quininone forms a glassy, oxime 
and on reduction in a suitable manner gives rise 
to quinine and quinidine (Rabe and Kindler, 

l. C.). With amyl nitrite and sodium ethoxide it 
is split into quininic acid and oximinovin 3 d- 
quinuclidine. 

Quinine Chloride, 

CH 3 O-C 2 H 5 N CHCI-C 7 HJ 4 N-CH.-CH 2 , 

is preparetl from anhydrous (piinine hydro¬ 
chloride, chloroform ami phosphorus penta- 
(rhloride (Comstock and Koenigs, Her. 1884, 17, 
1988; Rabe, Annalen, 1910, 373, 103 ; (licmsa 
and Halberkann, Ber. 1921, 54, [BJ, 1192). 
It crystallises from benzene, or Ixmzene and 
ether, in magnificent colourless crystals, m.p. 
151°-152°, [ciJi, +60*3° to 4 62*6' in alcohol. 
Quinine bromide (C. F. Bohringer & Boelme, 
(jr.m.b.H., Rabe, Cohausz and Sehoel, CLP. 
592541/1932) has m.p. 154°. 

Desoxyg uinine, 

CH 3 O—CgH^N—CH 2 —C^Hj^N—CH - CHj, 

is prepared by reducing a dilute sulphuric acid 
solution of quinine chloride with iron filings at 
room temperature (Koenigs, Ber. 1896, 29, 372; 
Rabe, Annalen, 1910, 373, 107 ; Giemsa and 
Halberkann, Ber. 1921, 54, 1197). It cr^^stal- 
lises from moist ether or from aqueous alcohol 
or acetone in colourless, eflioresc^ent needles, 
B* 2 H 20 , m.p. about 50°. The anhydrous base, 
which is not readily obtained crystalline, has 

m. p. 94° and [ajp about + 99° in alcohol. It is 
fluorescent in dilute sulphuric acid and shows the 
thalleioquin reaction. 

Quinene, 

CHgO-CgH^N-CH-C-CeHioN-CH^-CHa, 

is prepared by boiling quinine or quinidine 
chloride with alcoholic potash (Comstock and 
Koenigs, Ber. 1884, 17, 1989 ; 1885, 18, 1223 ; 
Giemsa and Halberkann, ibid. 1921, 54, 1192). 
It crystallises from ether, ligroin, or aqueous 
acetone with 2 H 2 O, m.p. rather indefinite 
between 67° and 90°. The anhydrous base has 
[ajn +52-5° in alcohol. The dihydrochloride, 
B* 2 HCI,H 20 (Heidelberger and Jacobs, J. 
Amer. Chem. Soc. 1920, 42, 1501), crystallises 
from a mixture of alcohol and ether in lemon- 
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yellow needles ; the anhydrous salt has nj.p. 
180''*-185“, and | a]u -}-l8-4® in water, 

ajioQui mme, 4*( 6 -h> droxy-3; 4-diethyIphcny 1)- 
6 -hydroxy-quinoline, 

Hd-CyH,N-CeH 2 (OH)(C 2 H ,)2 
(Kenner and Statham, d.C.S. 193.5, 299), is 
obtained by heating quinene with hydrobromic 
acid (ap.gr. 1*49) at 180° (Comstock and Koenigs, 
Her. 1885, 18, 1226 ; Koenigs, J. pr. Chein. 
1900, 61, 41). ajpoQuinene, which should not be 
confused witli upoquinine, crystallises from 
aqueous alcohol, m.p. 246°-248°. 

Quint na I, 

CH 30 ~^CpH,N-CH( 0 H)-C 7 Hi^N-CH== 0 , 

and its acyl (acetyl and benzoyl) derivatives, 

CH 3 O—CgH^N—CH(0—CO—CH-O, 
are obtained from quinine and from its acyl 
derivatives by the action of ozone in cold 
chloroform solution. The resulting ozonides 
furnish on hj’^drolysis 1 ‘ormaldehyde, hydrogen 
peroxide and tlie aldehydic substances in 
question. The latter are amorphous. Quininal 
has [a]j) —30° in chloroform; the acetyl- deriva¬ 
tive has [a]p —63-5°, and the })enzoyl- derivative 
d 79-4° (Seekles, Kec. trav. chim. 1923, 42, 69). 

Quitemine, 

CH 3 O—CgH^N—CH(OH)—C 7 H 11 N—CO 2 H 

is obtained by oxidising a cooled solution of 
quinine in dilute sulphuric acid with yiotassium 
permanganate. It was first prepared by Kerner 
in 1869, and has been studied by »Skraup 
(Ber. 1879, 12, 1104 ; Annalen, 1879, 199, 348; 
Monatsh. 1889, 10, 40). It crystallises from 
dilute alcohol in prisms with 4 H 2 O, m.p. 286° 
{decomp.), [ajp —142*7° (c- 0*1 in alcohol of 
sp.gr. 0-958). The anhydrous substance has 
[a]p —298° (c-5 in iV-H 2 S 04 ) (Goodson, 
Henry and Macfie, Biochem, J. 1930, 24, 881). 
It is insoluble in ether or water, and sparingly 
soluble in alcohol, aqueous alcohol, or ammonia; 
it is readily soluble in acids or fixed alkalis, but 
from the latter is precipitated again by absorp¬ 
tion of carbon dioxide from the air, Quitenine is 
fluorescent both in acid and in aqueous-alcoholic 
solution and res])ond8 to the thaUeioquin test. 
On oxidation with chromic acid it gives rise to 
the same oxidation products (but no meroquin- 
ene) as result in the like oxidation of quinine. 
On demethylation with hydriodic acid it gives 
rise to the phenolic substance “ quitenol ” 
(“ cupretenino ”) (von Bucher, Monatsh. 1893, 
14, 604), but suffers no other change. Quitenine 
gives an acetyl derivative, and forms salts both 
with mineral acids and with metals. The ethyl 
ester has m.p. 200°. 

Quininic Acid, 6-methoxyquinoline-4-car- 
boxylic acid, CH 3 O—CgHgN—COgH, is the 
most readily isolated of the oxidation products 
of quinine, quinidine, their hydro- derivatives, 
and many of their derivatives and degradation 
products. It has been synthesised by Kabe and 
co-workers (see section 66 , p. 144a). The foUow- 
ing properties are mainly from Skraup (Monatsh. 
1881, 2, 589), it crystallises from dilute hydro¬ 
chloric acid in yellowish prisms, m.p. 280°, 
soluble in about 100 parts of boihng alcohol, 
almost insoluble in water, ether or benzene. 
It is readily soluble in mineral acids (with a 


yellow colour) and in alkalis. Alcoholic solutions 
of the acid show a blue or violet fluorescence, and 
it responds, but not in typical fashion, to the 
thaUeioquin tost. On demethylation it gives rise 
to xanthoquininic acid, and on oxidation with 
alkaline permanganate to 2:3;4-])yridiuctri- 
carboxylic acid. It forms a hydrochloride, and 
salts with barium, calcium, copper, and silver. 
Its methyl ester has m.p. 85°, and ethyl ester 69°. 

6-3feiho:rylepi(Iirie, 6-methoxy-4-methylquino- 
line, CH 3 O —CgHjN—CH 3 , has been obtained 
by the hydrolysis of quinene (Koenigs, Ber. 
1890, 23, 2673 ; Kaufmann, ibid. 1913, 46, 
1829) and has been synthesised from anisidine 
by Pictet and Misner {ibid. 1912, 45, 1802), 
and by Kabe and co-workers {ibid. 1931, 64, 
2492). It crystallises from boiling w^ater or 
aqueous alcohol with 1 HgO, has m.p. 50°- 52", 
b.p. 213° and forms a j)icrate, m.p. 223°, and 
a sulphate insoluble in alcohol. It show's a 
blue fluorescence in water. On demethylation 
with boiling hydrobromic acid it gives rise to 
y)-hydroxykq)idine. 

ep/Quinine.— See under Quinine. 

Quinoidine is the name originally aiqdied by 
Serturner (1828), the (liscovercr of m()r{)hine, 
to the amorphous material extractable from the 
mother-liquors left after removing quinine from 
the total alkaloids of cinchona bark, d'ho name 
quinoidine is still applied to residues from cjuinine 
manufacture, but as this now' differs greatly 
from the method used by 8 ei'tijrner, and as the 
other crystallirn' assoc'iates of quinine are now 
also recovered, the material which goes by this 
name to-day differs greatly from 8 erturner’s 
product. It contains a small proportion 
of quinotoxinc, but consists largely, as has been 
shown recently, of c^>iquinine and c^j^quinidine, 
which may be accompanied by their dihydro- 
derivatives (Dirscherl and 3’bron, Annalen, 
1935, 521, 48 ; this paper also summarises 
the history of quinoidine). Tw o views have been 
held as to the origin of these amorphous bases : 
(a) that they actually occur in the bark, ( 6 ) that 
they originate by decomposition of the crystal¬ 
line alkaloids during manufacture. Dirscherl 
and Thron are of opinion that the epf-bases at 
least pre-exist in the bark. 

Quinotoxine.—/S'ee under Quinine, (p. 1766?) 

“Totaquina.”— See p. 132. 

T. A. H. and W. S. 

CINCHONAMINE v. Cinchona Ai.ka- 
LOIDS) (this vol., p. 152a). 

CINCHONICINE {Cinchotoxine) v. Cin¬ 
chona Alkaloids (this vol., p.l57c?). 

CINCHONIDINE v. Cinchona Alka¬ 
loids) (tliis vol., p. 1526). 

CINCHONIGINE {^-iHoCinchonine) v. 

Cinchona Alkaloids (this vol., p. 156c). 

CINCHONILINE (d- i^oCiiichonine) v. Cin¬ 
chona Alkaloids (this vol., p. 1666). 

CINCHONINAL v. Cinchona Alkaloids 
( this vol., p. 158<i). 

CINCHONINE V, Cinchona Alkaloids 
( this vol., p. 1546). 

C INCHON I NONE r. Cinchona Alka- 
loids (this vol., p. 158a). 

CINCHOPHEN PHENYLCINCHO- 

NINIC AC ID 2-phenylquinoline-4-carboxylic 
acid. 
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CINCH OT EN IN E v. Cinchona Alka¬ 
loids (this voL, p. 159a). 

CINCH OT ICIN E v. Cinchona Alkaloids 
(this vol.» p. 163c). 

CINCHOTINE, Dl HYDROCINCHO¬ 
NINE {Hydrocinchonine) v. Cinchona Alka¬ 
loids (this vol., p. ). 

CINCHOTINE V. Cinchona Alkaloids 
(this vol., p. 160a). 

CINCHOTINETOXINE V . (Ynciiona 
Alkaloids (this vol., p. 162(f). 

CINCH OT OX IN E Cinchona Alkaloids 
(this vol., p. 163c). 

l;4.CINEOLE. 

CMe 

H^C I CH^ 

I o I 

HaC I CHo 

CCHMeg 


CjoHigO, b.p. 172", 0-9()10, 

1-4479, is present in small amount in the 
essential oil from the fruits of Piper Cuheha, 
grown in Mysore (Rao, Shiritro and yimonson, 
J.C.8.I. 192S, 47, 92). It has been shown by 
Austorwcil (Bull. Soc. chim. 1928, [iv], 45, 862) 
to bo present also in the low boiling fractions 
of the oil obtained in the manufacture of 
a-terpineol. l:4-Cineole was first prepared by 
WalJaeh (Annalcn, 1907, 356, 204; 1912, 392, 
62) by tlio dehydration of fm/i<9-terpinene-terpin 
with oxalic acid. It can be obtained in a similar 
manner from ci<s-terpinene-terpin and from 
torpin hydrate (Dupont, Levy and Marot, Bull. 
Soc. chim. 1933, [iv], 53, 393). With hydrogen 
chloride l:4-cineole yields terpinene dihydro- 
chlorido. J. L. 8. 

1.8-CINEOLE. 

CMe- 

/ \ 

HaC CH^ 

i I ^ 

HoC CHo I 


CH 


MegC 


The oxide, l:8-cmeo/e, CjoHjgO, known also 
as eucalyptol and cajuputol, m.p. 3°, b.p. 174-4°/ 
760 mm., 0-930, 1-45839, is one of the 

most widely distributed of essential oil con¬ 
stituents. It occurs, inter alia^ in many 
eucalyptus oils, in Oleum cina (oil of wormseed) 
from Artemcaia maritimay and in oil of cajuput 
from Melaleuca minor. It finds considerable 
use in pharmacy. 

Cineole (I) can be obtained by the dehydration 
of terpin (II), whilst on treatment with hydrogen 
chloride it yields dipentenc dihydrochloride (111), 
reactions which establish its structure, Cineole 
is extremely stable and distils unchanged over 
sodium. On oxidation with potassium per¬ 
manganate it gives cineolic acid (IV), m.p. 204°- 
206° (Wallach, Annalen, 1888, 246, 268 ; 1890, 
258, 319 ; 1892, 271, 20), which when heated 
with water at 150° gives cinogenic acid (V), 


m.p. 104-5°-106°. This latter acid is converted 
into a-cinenic acid (VI), m.p. 83°-84°, when 
heated at 150° (Rupe, Ber. 1908, 41, 3955; 
Helv. Chim. Acta, 1933, 16, 505 ; 1934, 17, 98). 

V^arious methods have been suggested for the 
quantitative estimation of cineole. The two 
most satisfactory are the preparation of (i) its 
cry sta llin o addi ti v e co mpo und,Cj,)Hjg 0 ,H 3 p 04 , 
which is formed when it is mixed with syrupy 
phosphoric acid or (ii) its compound with o- 
cresol, CioHjgO,C 7 HgO, m.p. 55-8° (Cocking, 
Pharm. J. 1920, 105, 81). 


MeC-OH 
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MeC- 


CH« 

2 C-C 
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MeCCI 

HoC CH. 
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HoC CHo 

CH 
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CHg -H,o HgC 
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MeC-OH 
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CHo 
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CH 


VI. 


J. L. 8. 


CINNABAR. Native mercury sulphide, 
(HgS), and the only ore of this metal. Its 
crystals are rhombohedral, wdth perfect cleav¬ 
ages parallel to the faces of the hexagonal 
prism ; they are of interest crystallographically 
in presenting the same typo of trapezohedral 
symmetry as quartz, and, like this, they rotate 
the plane of plane-polarised light. They are 
bright-red in colour, often transparent, and have 
a brilliant adamantine to sub-metallic lustre ; 
the scarlet streak is characteristic. Sp.gr. 
8-1 ; hardness, 2-2J. The refractive indices 
are high : for the ordinary ray 2-81429, and for 
the extraordinary ray 3-14344 for red light 
(A 672 mp) ; and 7 ?e 3-27188 for sodium-light at 
21°C. (H. Rose, Centr. Min. 1912, 527). The 
rotatory power is also very high (over 25 times 
that of quartz): for a thickness of 1 mm. 
the angle of rotation is 555° for sodium-light at 
18-6°C. (H. Rose, N. Jahrb. Min. 1900, 29. 94). 
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CINNABAR. 


The inaBRive ore, which may he eonpact or 
earthy in texture, is of the same colour ; but 
soruetiiues it is liver-brown or black, owning to 
the admixture of clay or organic matter, as 
in the varieties called respectively hepatic 
cinnabar and caral-ore. (Cerman, Korallenerz). 
Cinnabar is very sporadic in its distribution, 
and no mineral containing mercury has yet 
been found in the British Isles. It is mined at 
Almaden in iSpain ; Monte Amiata in Tuscany ; 
Idria in Carniola ; New Almaden in California; 
in the })rovinees of Kwei-chou and Hunan, in 
central China ; and in Mexico and Peru. 

3If'tacin)iharifr is the tetrahedral-cubic modifi¬ 
cation of HgS, of ran' occurrence as small black 
erysfals. Cinnabar and two other crystalline 
inoditications of mercuric sulphide have been 
obtained artificially by E. T. Allen and J. L. 
Crenshaw' (1912). Cinnabar is the stable form 
at all temperatures up to its sublimation point, 
about 580'^. 

L. J. S. 

CINNAMALDEHYDE, cinnamic alde¬ 
hyde, C(jHgCH:CH'CHO, occurs in a 
number of essential oils, notably in cinnamon 
and cassia oils and forms an important article of 
commerce. It is extracted from oil of cinnamon 
by formation and subsetpient decomposition of 
the er^\stalline sodium bisulphite compound 
(Peine, Ber. 1884, 17, 2109) and from cassia oil 
by means of the double compound with barium 
sulphanilate (G.P. 124229). 

Ciimamaldebyde is most ('onveniently pre- 
parc'd synthetically by allowdng a mixturt' of 10 
parts of benzaldehyde, 15 parts of a(;etaldehyde, 
900 parts of water, and 10 parts of 10% sodium 
hydroxide solution to stand at 30"" for 8-10 days 
with frequent shaking ; it is then isolated by 
ether extraction (Peine, Ber. 1884, 17, 2117; rf. 
B.fh 10003). Two further synthetic methods 
of preparation from a>-chioroaIiylbenzene have 
been described (Bert and Dorier, Compt. rend. 

1930, 191, 332 ; Bert and Annequin, ibid. 

1931, 192, 1315) w hich are capable of extension 
to substituted cinnamaldehydes. It is best 
purified by means of the double compound 
with nitric acid (Dumas and Pcligot, Ann. 
Chirn. 1834, jii], 57, 322 ; Pfeiffer, Annalen, 
1910, 376, 298). 

It is a colourless oil with a pleasant cinnamon¬ 
like odour ; m.p. —7*5° ; b.p. 252"^ (decomp.), 
130720 mm. ; df 1-0497 ; 1-6195. It 

should, theoretically, exist in two geometrically 
isomeric forms, and Bourguel (Bull. 8oc. chim. 
1929, [iv], 45, 1067) has described the pure cis^ 
compound, b.ji. 111°-113716 mm. ; i.032; 

1*565, and its diethyl acetal. It is volatile 
in steam, practically insoluble in water and 
miscible in all proportions with alcohol. It may 
be characterised as its phenylhydrazone, m.p. 
168°, semicarbazone, m.p. 215°, and 2A-dinitro- 
phenylhydrazone, m.p. 248°. It forms two 
oximes, syn-, m.p. 139°, and anti-, m.p. 76°, 
the orientation of which has been established by 
Brady and Thomas (J.C.S. 1922, 121, 2098). 

In the air it is oxidised mainly to cinnamic 
acid (c/. Pound and Pound, J. Physical Chem. 
1934, 38, 1045) whilst more drastic oxidation 
affords benzoic and acetic acids. Reduction 


I with zinc-copper couple (Thiele, Ber. 1899, 32, 
1296) yields the dimeric product hydrocinna- 
moin, (Ph-CH:CH-CH(OH)) 2 , but it may be 
reduced to cinnamyl alcohol w ith iron and acetic 
acid (Pauly, Schmidt and Bohme, Ber. 1924, 
57, 1327). It is, however, best reduced by 
('atalytic hydrogenation with platinum black; 
this reaction is very sensitive to added impurity 
and by suitably adjusting the conditions (‘ither 
cinnamyl alcohol or y-phenylpropyl alcohol may 
be produced (Tulcy and Adams, J. Amer. ("hem. 
Soc. 1925, 47, 3061); electrolytic redudion also 
yields y-phenylpropyl alcohol (Shima, Mem. 
Coll. 8 ci. Kyoto, 1921), [A], 12, 69). 

Cinnamaldehyde is estimated in essential oils 
volumetrically by means of InBroxylamine 
hydrochloride (Bennett and Donov^an, Analyst, 
1922, 47, 146) or sodium bisulphite (Gildemcister 
and Hoffmann, Die iitherischen Ole,” 1928, 
Vol. 1, p. 743) and gravimetrically with semi- 
oxamazide (Hanus, Z. Nahr.-Genus.sm. 1903, 
6 , 817). See Aldehydes. 

H. N. R. 

CIN N A M EIN V . Balsams, Bat»sam of 
Peru. 

CINNAMIC ACID. ^9-Phonylacrylie acid, 
CgHg CH rCH COgH. The separation of a 
solid acid from old specimens of oil of cinnamon 
W'as first observ('d in 1780 by Trommsdorf, but 
the acid was regarded as bcmzoic acid until this 
error was <;orrectcd by Bizio in 1826. (finnamic 
acid was first closely investigated by Dumas 
and Peligot (Annalen, 1835, 14, 56). 

Cinnamic acid is very widely distributed in 
nature, the best knowui natural sources being 
liquid storax and tolu and Peru balsams. It is 
isolated from storax by boiling witli sodium 
hydroxide, followed by precipitation with 
hydrochloric acid and rccrystallisation (Beilstcin 
and Kuhlbcrg, Annalen, 1872, 163, 123 ; rf. 
von Miller, ibid. 1877, 188, 196). 

It is formed by heating benzaldehyde with 
acetyl chloride at 120°-130° (Bertagnini, 
Annalen, 1856, 100, 126). This process was 
greatly modified and improved by Perkin 
(J.C.S. 1877, 31, 388) who heated a mixture of 
benzaldehyde, acetic anhydride and anhydrous 
sodium acetate ; this reaction, which is known 
as the Perkin reaction, is that generally 
employed in the laboratory. An improved 
procedure is described by Meyer and Beer 
(Monatsh. 1913, 34, 651) and Bacharach and Bro¬ 
gan (J. Amer. Chem. Soc. 1928, 50, 3333) have 
shown that the addition of j)yridino greatly 
increases the yield. The cinnamic acid used in 
the early processes for the manufacture of 
synthetic indigo was prepared by this method, 
but Caro (G.P. 17467, 18232) showed that it 
could be prepared more cheaply by heating 
benzal chloride with anhydrous sodium acetate: 

1 part of benzal chloride and 2 to 3 parts of 
powdered fused sodium acetate are heated at 
180°-200° for 10 to 20 hours in an autoclave 
with mechanical stirring. The melt is mixed 
with water, made alkaline with caustic soda 
and steam-distilled ; the residual solution is 
filtered hot, acidified, and cooled. The pre¬ 
cipitated cinnamic acid is filtered off and 
recrystallised from water or alcohol. 
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Another process of technical importance 
consists in oxidising benzylideneacetone with 
sodium hypochlorite or hypobromite (G.P. 
21102 ; Ullmann, “ Enzyklopadie der tech- 
nischen Chcmic,” 1921, VoL IX, p. 013 ; Schori- 
gin, Jssaguliantz, and Gusseva, J. Gen. Chem. 
Kuss. 1931, 1, 500). 

It may aJso bo obtained by condensation of 
bcnzaldchyde with malonic acid in the presence 
of ammonia or certain amines (Knoevcnagel, 
Bcr. 1898, 31, 2002 ; G.P. 97735, 104290). 

(y^innamic acid forms colourless, monoclinic, 
prismatic crystals, m.p. 133'^, b.p. 300'\ It is 
s()Iu})le in 3,500 parts of water at in 4-2 
parts of ethyl alcohol at 20^, in 17 parts of 
chloroform at 15", and is volatile in steam. It 
may be characterised as its amide, m.p. 148", 
Yi-bromophenacyl esler, m.p. 145", and p-phcnyl- 
phcnacyl ester, m.p. 182°. It forms crystalline 
salts closely resembling those of benzoic acid. 
Oxidising agents convert it first into bcnzalde- 
hyde (distinction from benzoic acid) and after- 
wanls into benzoit; acid, the final products when 
potassium ])ermanganale is used being phcnyl- 
glyccric acid, bcnzaldchyde, and benzoic 
and o,\ali(; acids (Kittig and Kuer, Annalen, 
1892, 268, 27). On fusion with caustic potash it 
yields a mixture of benzoate and acetate. It 
may be determined by direct titration, by 
absorption of bromine or by oxidation to 
benzoic acid (Nicholls, Analyst, 1928, 53, 
19). 

It is now generally accepted that cinnamic acid 
exists in four forms (Stobbe, Bcr. 1911, 44, 
2739): (1) ordinary cinnamic acid, m.p. 133"; 
(2) a//ocinnamic acid, m.p. 68° ; (3) and (4) tw^o 
'/so(‘innamic acids, m.p. 42° and 58°. Of these 
(1) is the trails- acid and (2), (3), and (4) tri- 
morphs of the cis- acid, (2) being stable and (3) 
and (4) labile (Biilmann, Bor. 1910, 43, 568). 
Meyer and Pukall (Z. physikal. Chem. 1929, 145, 
360), however, conclude from work on the 
bromine addition of the various forms that 
the three last are truly isomeric and not merely 
potymor{)hic. 4’his view is not accepted by 
Kobinson and James (J.C.S. 1933, 3453). 

Prom physical data Eisenlohr and Hass (Z. 
physikal. Chem. 1935, 173, 249) conclude that 
the three cis- acids are some special kind of 
rotational isomers ; this view is contested by 
Meyer (ibid. 1935, 174, 77). 

In the polymerisation of cinnamic acid the 
following equilibria are set up (8tobbe el al., 
Ber. 1919, 52, [BJ, 666 ; 1925, 58, [BJ, 1548, 
2415, 2859; 1926, 59, [B], 2254): 

long waves 

a-truxillic acid y cinnamic acid, 

short waves f 

long waves 

)8-truxinic acid ci^-cinnamic acid, 

short waves 

Cinnamic acid may be reduced to )3-phenyl- 
propionic acid (hydrocAnnamic acid) by a wide 
range of methods, among which may be men¬ 
tioned catalytic hydrogenation (Paal and 
Gerum, Ber. 1908, 41, 2277; Vavon, Compt. 


rend. 1909, 149, 999 ; Boeseken, Rec. trav. 
chim. 1916, 35, 270, 277, 285), reduction with 
sodium amalgam (Alexejew and Erlenmoyer, 
Annalen, 1866, 137, 327) and with formic aci(l 
in the presemie of palladium black (G.P. 267306). 
It forms a dihromide, m.p. 201°, witli bromine in 
a variety of solvents (8udborough and Thomp¬ 
son, J.C.S. 1903, 83, 669 ; Eittig and Binder, 
Annalen, 1879, 195, 140 ; Michael, J. pr. Chem. 
1895, [HI 52, 292 ; Ber. 1901, 34. 3664), 
while addition of hydrogen bromide gives jS- 
bromo-^-phenylpropionic acid (Pittig and 
Binder, l.c.) other halogen liydrides iKpaving 
similarly. 

Cinnamic acid conde/ises with hydrocarboiivS, 
e..g. with benzene and sulphuric acid it forma 
phenythydrindone (Liebermann and Hart¬ 
mann, Bcr. 1892, 25, 2124), and with phenols, 
e.g. with phenol, it yields hydroxyjihenylcou- 
marin (idem., ibid. 957). 

Esters. —Stoermer and Sandow' (Ber. 1920, 
53, [B], 1283) have formulated the general rule 
that the esters of cis- forms of substituted 
cinnamic acids have lower boiling-points than 
those derived from the corresponding trans- 
acids. 

Methyl cinnamnfe. —Crystalline solid, m.p. 
36°, b.p. 263°, 127°/10 min. 

Ethyl cinnamate is obtained directly by the 
condensation of benzaldehyde and ethyl 
acetate by means of sodium ((Jaisen, Ber. 
1890, 23, 977 ; Posner, J. pr. (3iem. 1910, 
[ii], 82, 435; B.P. 4969, 1890 ; G.P. 53671 ; 
Marvel and King, Organic Syntheses, 1929, 
9, 38). it is a colourless liquid, b.j). 271°, 
144715 mm. 

Substituted Cinnaniic Acids. — o-Nitrocinnamic 
acid was formerly of importance for the manu¬ 
facture of synthetic indigo. Nitralion of the 
free aci<l (Muller, Annalen, 1882, 212, 126) or 
of the ethyl ester (Fricdlander, “ Eortschritte 
der Teerfarbenfabrikation,” 1888, 1, 125) 

yields a mixture of the o- and p-nitrocompounds 
which are separated by taking advantage of the 
insolubility of ethyl p-nitrocinnamate in alcohol 
(Drewsen, Annalen, 1882, 212, 150). o-Nitro- 
cinnamic acid exists in two forms, trans-, 
m.p. 240°, and cis-, m.p. 143°, the former being 
produced by nitration; similarly it is trans-p- 
nitrocinnamic acid, m.p. 286°, which is formed 
by nitration, the cis- acid melting at 143° (see 
Carboxyuo Acids). 

H. N. R. 

CINNAMIC ALCOHOL, Cinnamyl alcohol 
C6H6CH:CHCH..0H 
(AND ESTERS). Cinnamic alcolujl is a 
synthetic perfume with a soft hyacinth 
odour, and is used as such and also in the 
form of its esters in modern perfumery. 
Pure cinnamic alcohol melts at about 33°, 
but commertdal samples often contain traces of 
impurities which keep it in a liquid condition. 
B.p. 257°-258° ; d ^ 1-0302 ref. index, about 
1-680. Cinnamyl acetate, butyrate, and cinna¬ 
mate which are used as synthetic perfumes 
have balsamic odours, and are of value in 
imparting special nondescript odours to com¬ 
pound perfumes. 


E. J. P. 
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CINNAMON AND CASSIA. 


CINNAMON and CASSIA. In the 

United States the terms cinnamon and cassia 
are used almost indiscriminately, although it is 
there recognised that, strictly speaking, they 
belong to two entirely separate trees. In Great 
Britain they are treated as separate entities 
even in commerce, the price of cinnamon being 
t\>ro or throe times that of cassia. For 
convenience the two spices are treated 
together. 

Cmnmnon is the dried inner bark of Cinna- 
mommti zeylanicurri Nees (Fam. Lauracea)), a 
tree which grows to a height of 20 to 30 feet 
and which is native to Ceylon. In practice, 
the young trees are pruned to produce a straight 
stem, which is then cut back and shoots are 
allow^ed to grow out from the stump. The 
branches are cut when they are between 1 and 2 
cm. in diameter ; the bark is slit longitudinally 
with two or more cuts and horizontally every 
30 cm., and removed coj>per or brass knives 
to prevent discoloration of the tannin. The 
strips are made into mats and allowed to 
ferment, after which the outer epidernns and 
the cortex are removed, leaving only the inter¬ 
mediate layer of the bark. The narrower 
pieces are then placed inside larger ones and 
the whole curled together to make, when dried, 
the quills of commerce. The outer suri'ace is 
dull and pale ycdlowish-brown in colour, the 
inner surface being hght brown and marked 
with faint longitudinal striations. On the 
outer surface, the longitudinal striations are 
more definite, and there are frequent scars and 
sometimes holes due to leaves. The bark is 
very brittle and breaks with a splintery fracture. 
The odour is fragrant and the taste sweetish and 
warmly aromatic. 

Cassia is the dried bark of Cinnamomum 
Cassia Blume(Fam. Lauracete), and less care is 
taken with its cultivation than with genuine 
cinnamon. The outer bark is partly removed by 
shaving, but much of this and the whole of the 
innermost bark are left in the quills, making 
them thicker and stronger than those of cinna¬ 
mon. The colour is dark earthy-brown with 
occa.sional patches of a greenish colour showing 


where the outer surface of the bark still persists. 
The fracture is short and granular but fibrous 
on the inside. The odour and taste are similar 
to but coarser than those of cinnamon, and the 
taste is also more stringent and slightly mudla- 
ginous. 

Microscopic Examination of the two barks 
shows many similarities. In true cinnamon the 
sclercnchymatous cells form an uninterrupted 
ring, wdiereas in cas.sia there is an uninterrupted 
ring duo to the outer bark, but in the inner 
bark, corresponding to the portion used for 
cinnamon, the sclercnchymatous cells do not 
form a continuous ring. These (‘ork cells of the 
outer bark of cassia are much smaller than 
those of the inner portion. The sclerenchy- 
matous cells of the phelloderm, or inner bark, 
are slightly elongated tangentially, but thickened 
on the inner walls, this thickening being more 
conspicuous with cassia than with cinnamon. 
The number of starch grains is about tlu' same 
in both barks, although ((assia starck giuins 
are larger than those of cinnamon. The bast 
fibres of both baiks ar(‘ large and thi(;k-Avalled, 
being larger in cassia than in cinnamon. Most 
of tlu^ se(;retion (tells of both barks are 
(‘mpty, though some are tilk'd with yellowdsh 
volatile oil or resin. Both barks contain 
minute prismatic crystals of cah.'ium ox¬ 
alate. 

Both cinnamon and cassia arc largely employed 
as flavouring materials and also for their car¬ 
minative properties. C'assia buds are used as 
well as the barks for the distillation of the 
essential oils, and tlu? leaves of both trees are 
distilled for their oils, but these latter diller 
considerably from th(‘ bark oils. 

Chemical Composition. —laversc^ege (“ Adul¬ 
teration and Analysis of Foods and Drugs,” 
1932, p. 427) Winton, Ogden and Mitchell ( 22 nd 
Ann. Kej)ort Conn. Fx]). Sta. 1898, 204), 
C. Arragon (Ann. Falsif. 1915, 8, 345), 

and iliehardson (U. 8 , Dept, of Agric. Div. of 
Chera., Bull. 13, 221) all record figures for the 
composition of cinnamon and cassia, and since 
these vary considerably tlu^y are quoted 
separately in the following table : 



(.'INNAMON. 


Oassta. 


Author 

Livorscegt^. 

Winton, etc. 

Arragon. 

Iliehardson. 

Winton, etc. 

Arragon, 

Iliehardson. 

No. of samples 

ai^prox. 1.^) 

C 

2 

2 

20 

2 

4 

Moisture 


% 

a/ 

o/ 


"o 

o;, 

8-9-i0'5 

7-79-l()*48 

8-2-11-4 

6-4-7-3 

6-5-11-9 

10-5-11-0 

9-3-17*4 

Ash . 

3-9-6-0 

4-2-60 

3-5-4-3 

34-4-5 

3-0-6-2 

l-9~2-9 

2-5-8*2 

Sand 

Cold alcohol 

0-04-0-6 

002-0-13 



002-2-42 



extract 

7-6-] 30 

10-0-13-6 



4-6-16-7 



Volatile oil . 

0-5-M 

0-7-1 -6 

2-r)-2-8 

0-8-M 1 

0-9-5-1 

2-6 

0-5-3-5 

Fixed oil 
Starch and 

M-3-3 

1-35-1*68 

0-5-1-2 

1-6-1-7 

1-3-41 

1-3-1-5 

0-7-2-4 

reducing 
subs tan (jes 


16-6-22-0 

19-3-22*6 


16-9-32-0 

31-7-33-9 


Crude fibre 


34-4-38-5 

31-4-34-7 

25-6-33-1 

17-0-28-8 

25-2-26-0 

14*3-26-3 

Protein . 


3-2-4-1 

3-4-4-3 

3-0-3-8 

3-3-5-4 

31-3*4 

2-6-4*5 





CITKALS. 


The principal constituent is the essential 
oil, and this is probably determined most 
satisfactorily by the method of Cocking 
and Middleton (Quart. J. Pharm. 1935, 8, 
435). The powdered bark is mixed with brine, 
distilled, and the vapours passed through the 
top of a condtmsijr into a graduated tube, into 
which a small (|uantity of turj)entine has been 
previously distilled to make t he mixture lighter 
than water, the condensed water itself being 
returnefl to the distillation flask. An air inlet 
and (Hitled is provided by a side tube between 
the bottom of the condenser and the graduated 
tube. C5’miamon bark contains from 0-5 to 
10%, and cassia bark from 0-5 to 2-0% of 
volatile oil, as distilled in commen'c. 

Standards. —The “ Hritish Pharmacopada ” 
recpiires that cinnamon shall contain not more 
than 7% of ash, and acid insoluble ash not 
mor(" than 2 %. 

Adulter at ion. —Cassia bark is often supplied 
instead of the true cinnamon, whilst other 
species of cinnamon and cinnamon from the 
tru{‘ (Jinnaynowum zeylanicum., but grown 
wild in ^>eych(‘lles, are })assed off for either bark. 

T. McL. 

CINNAMON BARK, ESSENTIAL 

OIL OF. I'lie oil distilled from the bark of 
Cinnamoinum zeylanicuni Nees (ham. Tjauracea?), 
a small tree ijidigenous to and cultivated in 
(Vylon. An interior oil is produ(;ed in the 
Seych{‘lles, where the tree is cultivated. The 
oil is distilled maiidy from tluj chips and refuse 
bark after the collection of the cinnamon (]uills 
for the spice tnide. Pormcrly a mixture of 
bark and leaves was used for distillation, but 
the oil thus obtained contains a considerable 
amount of cugcnol and is not suitable for use in 
medicine. The linest oil is produced in limited 
quantities and is an exj)ensive i)roduct. 

Condltuenis. —The main constituent is cinna- 
maldehyde. Pinene, phellandrene, and cymene 
are pi-esent, and traces of methyl-w-arnyl ketone, 
benzaldehyde, nonaldehyde, fuidural, linalool, 
and caiyophyllene. 

Characters. —A pale yellow oil becoming darker 
on keeping, 8 }).gr. 1-000 to 1-040, opt. rot. 
0 " to — 1° at 2(r, 1-5(55 to 1-591. Soluble in 

4 volumes of 70% alcohol. Cinnamaldehyde 
(ontent, 50 to 65% (“ British Pharmacopoiia ” 
standard), determined by the hydroxylamine 
nudhod. English distilled oils usually comply 
with these requirements, but less fragrant oils 
containing up to 75% are found in (iomraerce 
at lower prices. Inferior oils containing ad¬ 
mixtures of artificial cinnamaldehyde and dis¬ 
tilled cassia oil are offered on the English market. 
It should be noted that the cinnamon oil ofiicial 
in the “ United States Pharmacopaua ” is re¬ 
distilled cassia oil {q.v.). The Seychelles oil of 
cinnamon bark contains only 20 to 35% of cin- 
naimildehyde and is not soluble in 70% alcohol. 

C T B 

CINNAMON LEAF, ESSENTIAL OIL 

OF. The oil distilled from the leaves of 
Cinnafnomum zeylanicum Nees (Earn. Lauraceae) 
differs entirely from the oil obtained from 
the bark of the same tree [v. Cinnamon Bark, 
Essential Oil of). It is produced in large 
quantities in Ceylon and also in the Seychelles. 
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It is used in soap perfumery and constitutes a 
valuable sounie of eugenol. 

ConstitucMis. —Eugcmol, Z-a-pinene, /-phellan¬ 
drene, dipentene, benzaldehyde, linalol, ter- 
pineol, borneol, geraniol, safrole, a- and fi- 
caryoxdiyllen(% benzyl benzoate, ciniiamalde- 
hyde, cinnamyl alcohol, and traces of other 
alcohols are present. 

Characters.— Hp.gT. 1-040 to 1-060, opt. rot. 
-~i° to-3" at 20°, l-530-“l-545, phenoli(! con¬ 

stituents 70-90%. Soluble in 3 volumes of 70% 
alcohol. The phenolic constituents are deter¬ 
mined by adsorption in the cold with aqueous 
5% solution of potassium hydroxide. 

C. T. B. 

j CINNAMON-STONE or HESSONITE. 

A geni-variety of garnc^t of a w^arm reddish- 
browui colour (hence the name) and transparent. 
It is essentially an orthosilicate of calcium and 
aluminium, Ca 3 Al 2 Si 30 j 2 , containing, however, 
isomorphous replacements of iron, juanganese 
and magnesium. Brilliant crystals are found in 
veins in serpentine at Ala in Piedmont, but 
material of the best gem-quality is found as 
pebbles in the gem-gravels of Ceylon. 

L. J. S. 

CINO B U FAG IN v . ( 'ardtac Cly( osidks , 
Toad Poisons. 

CITOBARYUM. Prepared barium sul¬ 
phate for use as a barium m(‘al {Merck, Darm¬ 
stadt^ Napp, London), B.P.tk 1934. 

CITRALS, THE. 

Citral a. (Gcranial.) 

CMeo-.CH-CHa-CHyCMe 

‘ II 

HC-CHO 

CHg.CMe-CHgCHg-CHgCMe 

HC CHO 

Citral b. (Neral.) 

CMeoiCH-CHoCHgCMe 

II 

OHC-CH 

CHgCMe-CH^CHgCHg-CMe 

OHC-CH 

Citral is the most important natural acyclic 
aldehyde of the terpene series. It occurs very 
widely distributed in nature and it forms the 
main constituent of lemon grass oil (from 
Cymbopogonflexuosus Stapf). It finds wide tech¬ 
nical application both directly in the perfume 
industry and also indirectly for synthetic 
purposes. The natural aldehyde is a mixture of 
the four aldehydes represented by the formula} 
given at the head of the section. 

Citral a, b.p. 118-119720 mm., 

c/2^ 0-8898, 1-4891, is most readily obtained 

from lemon grass oil, of which it forms approxi¬ 
mately 90% of the aldehyde content, by the 
preparation of its crystalline sodium bisulphite 
compound (Tiemann, Ber. 1899, 32, 117; 
Hibbert and Cannon, J. Amer. Chein. Soc. 
1924, 46, 119). It yields a semicarbazone, m.p. 
164°. It is obtained also, almost free from 
citral 6 , by the oxidation of geraniol (Zeitschel, 
Ber. 1906, 39, 1787). 
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Citralb, b.p. 117-1187120 mm., 0-8888, 
1-4981, semicarhazone, in.p. 171°, is separated 
from citral a by taking advantage of the more 
ready reaction of the latter with cyanoaeetic acid 
(Tiemann, Bcr. 1899,32,120). It can be obtained 
also by the oxidatit)!! of nerol. Both aldehydes 
are, when freshly distilled, eolourless liquids 
with a characterist ic odour ; they oxidise rapidly 
on exposure to the air becoming yellow in colour. 

The structures assigned to the t-w^o aldehydes 
follow from theii- preparation by the oxidation 
of the primary alcohols geraniol and nerol. 
On oxidation with silver oxide citral yields 
geranic acid (Semmler, Ber. 1890, 23, 2965, 
3550), 'which is obtained also by the conversion 
of citral oxime into gcranionitrile followf‘d by 
hydrolysis ('Tiemann and {Semmler, Ber. 1893, 
26, 2717). On oxidation with potassium 

pt'rmanganatc followed by chromic acid citral 
yields a mixture of acetone, levulinic and oxalic- 
acids (Tiemann and Scmmler, Bcr. 1895, 28, 
2132). Jn agreement wdth these results Harries 
(Ber. 1903, 36, 1933 ; 1907, 40, 2823 ; Annalen, 
1905, 343, 351 ; cf. Grignard, Docuvre and 
Escourrou, Bull. 8oc. chirn. 1924, 35, 932) has 
found that the citral semicarbazones, yield on 
oxidation with ozone, formaldehyde, acetone, 
hevulinaldehyde and probably glyoxal. Con¬ 
firmation of the stru(*ture assigned to the 
aldehydes is provided also by (heir degradation 
by alkali to mdiliylhcptenone, 

Citral has been prepared synthetically by the 
distillation of a mixture of calcium geranaie and 
calcium formate (Tiemann, Ber. 1898, 31, 828). 

Citral can be characterised by the prej)aration 
of a number of derivatives and since in CiSsential 
oils citral a predominates derivatives of this 
aldehyde are as a rule obtained. In addition 
to the semicarbazones referred to above, 
suitable derivatives are a-citrylidene cyanoaeetic 
acid, m.p. 122° ; h-citrylidene cyanoaeetic acid, 
m.p. 94°, and a-citryl-j^-naphthocincJumic acid, 
m.p. 198-2(K)°. 

On catalytic hydrogenation in the presence of 
colloidal palladium citral yields a mixture of 
citronellol and citronellal (Skita, Bcr. 1909, 42, 
1634) ; and with platinum black a mixture of 
2;6-dimethyloctane and 2:6-dimethyloctanol is 
formed (Vavon, Ann. Chira. 1914, [ix], 1, 169), 
whilst with platinic oxide Adams and Garvey 
(J. Amer. Chem. Soc. 1926, 48, 477) obtained 
geraniol, citronellol, and 2:6-dimethyloctanol. 

Citral shows a marked tendency to undergo 
cychsation passing into p-cymene in the 
presence of mineral acids. If, however, either 
of the isomeric citrylidene cyanoaeetic acids is 
heated with dilute sulphuric acid a mixture of 
a- and ^-cydocitrylidene cyanoaeetic acids is 
obtained, which yields on hydrolysis with alkali 
a- and P-cyclocitrals (I) and (II), the latter 
being formed in the larger quantity (Steubel, 
G.P. 108335 ; Tiemann, Ber. 1900, 33, 3709). 
Haarmann and Reimer (G.P. 123747) have 
shown that the treatment of the condensation 


product of citral and aniline with concentrated 
sulphuric acid gives a mixture of the cyclo- 
citrals. Merling (Ber. 1908, 41, 2064) has also 
described methods for the preparation of these 


cyclic aldehydes. 


CMe, 

CMeg 

X 

HoC CHCHO 

^1 1 

H,C^ 7: CHO 

1 II 

HgC CMe 

1 

HjC CMe 

\ 

\ / 

CH 

CH^ 

1. 

11 . 


For the separation of a-n/r/ocitral, b.p. 
90-957-0 mm., 0-925, scmicarbazonc, m.j). 
206°, advantage is taken of the fact that wdien a 
mixture of the two aldehydes is reduced with 
sodium amalgam )3-r?/r/ocitral is converted into 
high boiling products whilst a-cyr/ocitral is 
not attacked. It yields on oxidation a-cyclo- 
geranic acid, m.p. ]03-5°. It (condenses with 
acetone to yield a-iononc. ^-('yclovHvnl, h.p. 
112-114°/29' mm., 0-95S6, 1-4970, 

semicarhazonc, m.p. 166-167°, is obtained free 
from a-cyr/ocitral by distilling a mixture of the 
semicarbazones of the two ahlehydes in steam in 
the presence of phthalic acid w hen only p-cyclo- 
citral semicarbazone is liydrolysed. On oxida¬ 
tion it gives a mixture of ^-ryr/ogeranic and 
geronic acids. It condenses with ac'ctone to 
give p-ionone, 

Citral a condenses wu'th aceteme to yield 
a-pseudoionone, b.p. J59-165°/20 mm., d'^^ 
0-8954, njy T5317, sctnicarJmzone, m.p. 142°, 
whilst from citnd b P-pseudoiononc, h.]). 146- 
150715 rnm., d'^^ 0-898, rq, 1-53446, semi- 

carbazone, m.p. 143-144°, is obtained (Tie¬ 
mann, Ber. 1898, 31, 2318; 1899, 32, 827; 
1900, 33, 882 ; Friedlander HI, 889 ; G.P. 
122466, 127661, 130457; Hibbert and Cranium, 
J. Amer. Chem. Soc. 1924, 46, 119). Analogous 
compounds with other ketones have been 
prepared (G.P. 150771). 

J. L. S. 

CIT R A U R I N . This pigment, which 
separates in red needles from aqueous methyl 
alcohol, m.p. 144 145°, is one of several caro¬ 
tenoids which pigment the ripe orange {Citrus 
aurantium), others being kryptoxanthin, zea- 
xanthin, lutein, carotene, and violaxanthin 
(Zechmeister and Tuzson, Ber. 1936, 69, [B], 
1879). Citraurin, a polyene aldehyde, exhibits 
absorption maxima at 486 and 457 mp in c.arbon 
disulphide ; the oxime, m.p. 181-182°, possesses 
absorption maxima at 504 and 473 rnp in carbon 
disulphide. The structure (1) was proposed for 
citraurin by Karrer ami Solmssen (Helv. Chim. 
Acta, 1937, 20, 682); this has been established 
by Zecihmeister and Cholnoky (Annalen, 1937, 
530, 291) who effected the degradation of 
capsanthin to citraurin by heating in a 
sealed tube with aqueous-alcoholic potassium 
hydroxide. 


CMC, 


HO-HC 




L. 


CH:CH*CMe:CH’CH:CH*CMe:CHCH:CH-CH:CMe*CH:CH-CH:CMeCHO 


CH, 
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Citraurin is also obtained by the partial oxida¬ 
tion of zeaxanthiri with potassium permangan¬ 
ate (Karrer, 8olmssen and Giigelmann, Helv. 
Chim. Acta, 1937, 20, 1020). 

I. M. H., R. F. P., and F. S. S. 

CITRIC ACID, C 6 Hg 07 . Occurrence .— 
I’bis acid occurs in the free state in the juice of 
many acid fruits such as lemons, currants, cran¬ 
berries, limes, etc. It is also found free or as 
salts in the seeds and juices of many llowers 
and plants. It is a constituent of wine, milk, 
cheese, and animal tissues and fluids. 

^ynfhems .—The acid can be prepared from 
jsyM-dicliloroacetonc by treatment with hydro- 
cya,ni(; acid and hydrochloric arid, whereby di- 
chloroac(^tonic acid is formed. This is then 
neutralised with sodium carbonate and heated 
with potassium cyanide. The resulting solution 
of dicyanoacetonic acid is saturated with hydro- 
giuichlorido and heatt'd on a water bath 
for 15 hours. The citric acid fornn^d can be 
separated as (calcium citrate by neutralising with 
milk (»f lime (Grimaux and Adam, Compt, rend. 
ISSO, 90, 1252). It has been prepared by the 
a(;tion of potassium cyanide and hydrochloric 
a,cid on ctJiyl acetonedicarboxylate (Diinsch- 
niann ;uid von JVchmann, Annalen, 1891, 261, 
1 ()2). Kthvl citrate has been obtained in small 
(juantities by h('ating together t'thyl bromoacetatc 
and (‘Ihyl oxalylacetatc in the presence of 
zinc (Lawnnice, Chem. 8oc. Proc. 1897, 13, 65). 

Physical Properties. —Citric a('i(l crystallises 
from cold aqueous solutions w'ith 1 mol. of water. 
7"he fTystals belong to the orthorhombic system 
(Groth, Chemischc Krystallographie, 1910,3,475), 
and have a s]).gr. of 1-553. They are stable in 
air of ordinary humidity but lose w^atcr raj)idly 
in dry air (Marchand, j. pr. Chem. 1842, [i], 23, 
61). On warming slowly they soften at about 
7()‘'-75' with loss of water and finally melt 
completely between 135° and 152° (liuchner and 
Witter, Per. 1892, 25, 1160). If the crystals are 
rapidly heated they melt at about 100°, then 
solidify as they become anhydrous, and melt 
sharply at 153° (Meyer, Per. 1903, 36, 3599). 
The acid is obtained anhydrous by cooling its 
hot, concentrated solutions (Puchner and Witter, 
l.c. ; McycT, I . C .). The mean transition point at 
which the anhydrous and hydroated forms may 
separate from solution is 36'3°i9'l^° 
and Yuill, J.C.8. 1935, 130). The latter workers 
give a crystallographic description of the 
anhydrous form of citric acid which crystallises 
in the holohedral chiss of the monoclinie system. 
The melting-point of the anhydrous crystals is 
given as 156-157° and the density as dj® (vac.) 
1-665. Citric acid is optically inactive. The 
dissociation constant of the first hydrogen atom 
is 8-2x 10"^ at 18° (Koltholf and Bosch, Rec. 
trav. chim. 1928, 47, 558) and the values for the 
second and third hydrogen atoms are given as 
l-77xl0~* and 3*9x10“^ respectively. The 
ordinary crystallised acid dissolves in about 
half its weight of boiling water. Aqueous 
solutions have, according to Gerlach (Z. anal. 
Chem. 1^69, 8 , 295), the sp.gr. at 15° given 
in the table at head of next column. 

A 25% solution boils at 101-8°, a 60% solution 
at 106-8°. The acid is very soluble in alcohol 


Acid % 

Sp.Kr. 

Acid % 

Sp.gr. 

1 

1 -0037 

34 

1-1422 

2 

1-0074 

35 

M467 

3 

1-0111 

36 

1-1515 

4 

1-0149 

37 

1-1564 

5 

1-0186 

38 

1-1612 

6 

1-0227 

39 

M661 

7 

1 -0268 

40 

1-J709 

8 

1-0309 

41 

1-1756 

9 

1 -0350 

42 

1-1814 

10 

1-0392 

43 

1-1851 

11 

1-0431 

44 

1-1899 

12 

1-0470 

45 

M947 

13 

1-0509 

46 

1-1998 

14 

1-0549 

47 

1 -2050 

15 

1-0588 

48 

1-2103 

16 

■ 1-0632 

49 

1-2153 

17 

1 -0675 

50 

1-2204 

18 

1-0718 

51 

1-2257 

19 

1-0762 

52 

1 -2307 

20 

1 -0805 

53 

1-2359 

21 

1-0848 

54 

1-2410 

22 

1-0889 

55 

1 -2462 

23 

1-0930 

56 

1-2514 

24 

1 -0972 

57 

1-2572 

25 

1-1014 

58 

1-2627 

26 

1-1060 

59 

1-2683 

27 

1-1106 

60 

1-2738 

28 

M152 

61 

1-2794 

29 

Ml 98 

62 

1-2849 

30 

M244 

63 

1-2904 

31 

1-1288 

64 

1-2960 

32 

1-1333 

65 

1-30J5 

33 

1-1378 

66 

1-3071 


and moderately so in (Iher. At 15° the solubility 
of the crystallised acid in 100 parts of alcohol is as 
follows : in 80% alcohol 87 parts of the acid ; in 
90% alcohol 52-85 })art8 ; in 100% alcohol 75-90 
parts (8chiff, Annah'n, 1860, 113, 190 ; 

Pourgoin, Pull. 8oc. chim. 1878, [ii], 29, 
244). 

ltK> parts of anhydrous ether dissolve 9-12 
j)arts of the crystallised acid (Lippmann, Per. 
1879, 12, 1650).“^ 

Chemical Properties .— When heated to 175° 
citric acid is partially converted into aconitic 
acid (Crasso, Annalen, 1840, 34, 56), the re¬ 
mainder losing water to form carbon dioxide 
and acctonedicarboxyhc acid w'hich immediately 
breaks down to carbon dio.xide and acetone. 
Beyond 175° an oily distillate appears which 
yields crystals of itaconic acid. At still higher 
temperatures cifraconic anhydride is formed as 
an uncrystaUisable oil (Anschutz, Per. 1880, 
13, 1541). When citric acid is digested wdth 
slightly fuming sulphuric acid (von Bcchmann, 
Ber. 1884, 17, 2542) or oxidised with potassium 
permanganate solution at 35° (DenigeSs, Compt. 
rend. 1900, 130, 32) acetonedicarboxylic acid is 
formed. At higher temperatures potassium per¬ 
manganate solution gives oxalic acid (Phipson, 
J.C.S. 1862,16, 142). By fusion with potassium 
hydroxide oxalic and acetic acids arc formed 
(Liebig, Annalen, 1838, 26, 168). Citric acid 
is fermented by numerous moulds, yeasts and 
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bacteria (Kayser, Chem. Zcnir. 1896, 1, 583 ; 
Bruce, J. Biol. Chem. 1934, 107, 119). 

Salts. —("itric acid is tribasic and forms three 
classes of salts. The salts with the alkali 
metals are readily soluble in water ; the neutral 
salts of the alkaline earths are only sparingly 
soluble. The m/ciwm salt, Ca3(CgH5b7)2,4H20, 
is less soluble in hot than in cold water and can 
be dried at 100" without loss of water of crystal¬ 
lisation. If the moisture content exceeds 
10 -12% calcium citrate is liable to decompose 
when stored at room temperatures. When 
precipitated in a crystalline state its solubility 
in water is 1 in 1180 at 14", and 1 in 1730 
at 90-100". When thrown down in an amor¬ 
phous condition the solubility is greater, 1 in 
707 at 18", and 1 in 1,123 at 100" (Warington, 
J.C.S. 1875, 28. 939). Citric acid readily 
forms stable double eitrabis and hence the 
hydroxides of many metals are not precipitated 
by alkalis in the presiMico of citric a(‘id. Ferric 
amimoniurn citrate, which is used for medicinal 
purposes, is prepared by eva]»f)rating a solution 
of ferric citrate in ammonia on glass plates, the 
red compounds contain 20*5 to 22-5% Fe, and 
the green 14 to 1(5% Fe. 

Acyl Derivatives and Esters. —The acetyl 
derivative of citric anhydride is prepared by 
w'arming the acid with acetyl (ddoride on a 
water bath, dissolving it in lukewarm water and 
keeping in, vacuo over concentrated sulphuric 
acid. The colourless syruf) soon deposits shining 
crystals of acetociiric acid which are very' 
soluble in water and melt at 138°-140" (Kaster- 
field and Sell, J.C.S. 1892, 61, 1()()5). Methylene- 
citric acid is ])rcparod by heating citric acid with 
four times its v eight of polymeric formaldehyde 
at 140"-160", and allowing the melt to crystallise 
(Steinberg, Chem. Zentr. 1902,1, 299). The pure 
crystals melt at 208". Trimethyl citrate is ob¬ 
tained b}^ bubbling hydrogen chloride into a 
mixture of anhydrous citric acid and absolute 
methyl alcohol for 2 liours, then rciluxir>g for 
6 hours, and finally crystallising from water and 
puryfying by distillation. It melts at 75*5" 
and boils at 98"/0*2 mm. (Donaldson, McCleary 
and Degering, J. Amer. Chem. Soc. 1934, 56, 
459). In the same paper an account is given of the 
preparation of propyl, butyl, and amyl dimethyl 
citrates by the alcoludysis of trimethyl citrate 
in the presence of the corresponding alcohol and 
j9-toluenesulphonic acid as a catalyst. 

Detection. —Pure citric acid is easily recog¬ 
nised by the action of heat. It evolves an acrid 
odour and yields an oily distillate which forms 
crystals of itaconic acid on cooling (Stevens, 
Ind. Eng. Chem. 1924, 16, 155). A solution of 
calcium chloride added to a neutral solution of 
citric acid produces no precipitate in the cold, 
but calcium citrate, Ca 3 (CgH 507 ) 2 , 4 H 20 , is 
thrown out of solution on boiling. Various 
suggested methods for the detection of citric acid 
in mixtures, dcj)end on the insolubility of some of 
its metallic salts such as the calcium salt (Kunz, 
Analyst, 1900, 26, 40), the barium salt 

(Broccksmit, J.S.C.I. 1920, 39, 173A), and the 
lead salt (Fresenius and Griinhut, Analyst, 
1913, 38, 55). Others depend upon the forma¬ 
tion of acotonedicarboxylic acid, which forms a 
sparingly soluble mercuric double salt (Denig^s, 


Compt. rend. 1900, 130, 32), gives acetone on 
boiling (TS^ufcl and Schoierer, Z. Unters. 
Lebensm. 1936, 71, 297) and which can be 
converted into insoluble pentabromoacetone 
by the action of potassium permanganate and 
bromine (Stahre, Analyst, 1895, 20, 188). 
Thunberg (Biochem. Z. li)29,206, 109) describes 
a method using citric dcdiydrogcnase from 
cucumber seeds and the methylene blue 
technique. It is difficult, however, to obtain 
concordant results by any of those methods. 
Precipitation of the metallic salts fails to 
distinguish citric acid unless it can bo obtained 
fairly pure and in comparatively large quantity. 
Owing to the instability of acet-oncdicarboxylic 
acid even at room temperatures, methods 
d(‘pendiiig on tlie formation of this compound 
are liable to give erratic residts. Thuiibcrg’s 
method is only suitable for very small quantities 
of citric acid and recpiircs special technique. 
The various methods have been reviewed by 
Elsdon ami Lees (Analyst, 1933, 58, 328) who 
consider that those de})ending on the formation 
of pentabromoacetone are the most satisfactory. 
They have found that a i)reliniinary extraction 
with ether increases the sensitivity of Kuiiz’s 
pentabromoacetone test (Analyst, 1916, 41, 378) 
and recommend the following procedure : 200 g. 
of the substance to be tested are treated with 
50 c.c. of ether in a stoppered flask for 20 hours. 
The ethereal solution is removed, evaporated 
to dr>mess, and the residue dissolved in 10 c.c. 
of water. This solution is treated with 1 c.c. of 
sulphuric acid (1 :1), 0-3 c.c. of 37-5% potassium 
bromide solution, and 1 c.c. of 5% potassium 
permanganate solution. The mixture is heated 
for 5 minutes at 45°. Ariy trace of manganese 
dioxide is removed by the addition of ferrous 
sulphate solution containing sulphuric acid. 
If, after this treatimud, any precipitate is 
present, citric acid is indicated. Fnder these 
conditions 0-1 g. of citric acid can be detected 
oven in the presence of 100 g. of tartaric acid 
and loo g. of sucrose. 

MA^^UFACTUKE.—For many years the main 
source of citric acid was the citrus fruits, chiefly 
lemons, pineapples, bergamots and limes, grown 
in Italy, Sicily, West Indies, California and 
Asia Minor. Since the development of the 
industrial fermentation processes an increasing 
quantity has been manufactured by these 
methods. 

Lemon, Bergamot and Lime Juices .—Lemons 
are the principal source of citrus juice used for 
preparing citric acid and they are obtained 
chiefly from Italy and Sicily. The best and 
ripest fruits are chosen for export and the rest 
are used for the preparation of juice and 
essential oil. The fruits are cut in half and the 
peel, which contains the essential oil, is 
separated. The juice is pressed from the 
pulp and conveyed to a measuring tank. The 
pulp is often leached once or twice with water 
and pressed again before discarding. The 
juices are then allowed to undergo a short 
fermentation which precipitates some of the 
impurities, but involves no appreciable loss of 
citric acid. The juice is very difficult to filter 
unless this fermentation takes place. The 
filtered juice is a clear amber-coloured liquid 
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containing about 4% of citric acid, and it can be 
used at once for the preparation of the acid. 
The juice is, however, usually concentrated until 
its 8p.gr. is 1-24 and exported as such, in order to 
avoid the tariff* imposed by many countries on 
the manufactured acid. Many manufacturers 
prefer to prepare the calcium salt, which is less 
costly to pack and transport. Besides free 
citric acid, citrates and certain other acids, 
such as malic, aconitic, formic, acetic, propionic 
acids, and their salts are usually jm'sent in 
citrus juices. "J’he acidity does not, therefore, 
give the true content of citric acid. Citric acid 
in such liquors is estimated by a method 
descTihed later, dependirig on the separation of 
insoluble calcium citrate. About 8% of the 
total acid in concentrated Sicilian lemon juice 
is not precii)itablo as calcium citrate. Con¬ 
centrated bergamot juice has a similar sp.gr. to 
lemon juice, but a lower acidity, usually about 
32% C^H^O^.HgO. About 13% of the total 
organic acid is not procipitabJe as cah^ium 
citrate. Concentratc'd lime juice has a sp.gr. 
of about 1*32 and an acidity of about 5C% 
Cf,H„ 07 ,H 20 . About 10 to 14% is not 
j»na*ipitablc as the calcium salt. The following 
table due to Grosjean (J.C.S. 1883, 43, 333) 
gives analys(‘8 of (‘ommercial samples of con¬ 
centrated lemon and other juices : 




Acid (reckoned 
as citric, acid) in 
oz. per gallon. 

I’ropor- 
tion f)l‘ 
prccipi- 
iablc to 
]00 of 
frc'c acid. 


iJtiisity 

Frc(? 

acid. 

Total 

acid 

prccipi- 

tahJe. 

Lemon Juice: 
Average of 65 





samples . 

L241 

62-1 

61-6 

99-2 

Sample A 

1-240 

65-8 

59-7 

90-7 

Samiffe B 

1-235 

64-9 

55-7 

85-8 

Bergamot Juice: 





Highest . 

1-235 

47-9 

48-5 j 

101-4 

Lowest 

1-235 

52-3 

49-9 

95-4 

Lime Juice: 





Sample A 

1-320 

108-3 

99-8 

92-2 

Sample B 

1-205 

59-2 

53-9 

91-1 


Citric acid is usually prepared by way of the 
calcium salt. The juice, if concentrated, is 
diluted with water and run into a vat fitted with 
a steam heater and stirrer. The temperature 
is raised to 60*^, and sufficient hydrated lime of 
high purity is added to neutralise 90% of the 
total acid estimated as citric acid. Chalk is then 
added to neutralise the remaining 10% of the 
total acid, and an excess of 7 kg. of chalk for 
every 3,700 litres of juice is also added. When 
the operation is completed a sample should no 
longer effervesce when more chalk is added. 
The liquid shows a slight acidity of about 0-16 
to 0-20% CgHg 07 ,H 20 . This acidity remains 
however great the excess of chalk. When the 
neutralisation is finished the mixture is boiled 
for 6 minutes and the precipitated calcium 


citrate washed with boiling water until the wash 
water has only a faint pale-straw colour. It is 
not advisable to neutralise completely with lime, 
as dark-coloured impurities are thrown down 
which are afterwards difficult to remove. Both 
the lime and the chalk should be as pure as 
j)OHsible, since alumina, magnesia, iron and 
phosphates interfere with the })rccipitation 
of citric acid, and cause appreciable losst's of the 
acid. At a later stage in the process a washing 
of calcium sulphate takes place. This w^ash is 
used as a medium in wliich to suspend the 
calcium citrate. This mixture is slowly run 
into a vat containing sufficient sulphuri(' acid to 
decompose the citrate and to leave an excess of 
not more than 0-2% 8ul})huric acid. The 
mixture is kept agitated and the tem])eraturo 
raised to 55-57^. The temperature should 
at no time exet^ed G(r. The acidity is roughly 
gauged by adding 5 c.c. of 45% calcium chloride 
solution to an equal volume of filtered liquor. 
After placing on a steam batli for 5 minutes a 
faint ])reci})itate of calcium sulj)hate should 
bo noticeable. The acid liquor is draw'n off 
from th(? preci})itatc of calcium sulphate wliich 
is then washed free from add. The w^ash is 
used as mentioned above and the acid ]i(|uor is 
concentrated in o])en j)anH until it has a density 
of about 20'-25®J3e., and is then filtered from 
the calcium sulphate which separates during 
the concentration. The concentration is then 
completed in vacuum ])ans until the density is 
about 37^-38^^Be. The liquor is run into a vat 
and kept agitated while cooling. By this 
process, known as granulation, a llea^'y croj^ of 
small crystals of citric^ add is obtained. The 
operation is a delicate one and recjuircs to be 
done slowly. If the concentration is taken too 
far the result is a viscous liquid which will 
not granulate satisfactorily. I'he lumps of 
crystalline citric acid are allowed to drain 
before they undergo a light w^ash in a centrifuge. 
Tlie mother liquor and the washings arc con- 
(?entrated again and a second crop of granulated 
material obtained. The process may be repeated 
a t hird time. When the liejuor is too impure for 
further crj^stallisation it is known as “ old 
liquor ” and is returned to the neut ralising tanks 
where it is treated like fresh juice. 

The granulated citric acid is dissolved in 
water at 75° to give a solution of density 28°Be., 
measured hot. A sample of the solution is 
filtered and a determination made of the charcoal 
required to decolourise the solution and of the 
quantity of calcium ferrocyanide to pre¬ 
cipitate any iron and nickel present. The 
determination is carried out as follows: to 
several 25 c.c. portions of the clear filtered 
liquid varying amounts of CagFelCNlg,! 2 H 2 O 
are added together with 0-5 g. of decolouring 
charcoal, and the mixtures heated on a steam 
bath for 10 minutes. The solutions are filtered 
and a drop of 1 % Ca2Fe(CN)g,12H2O added 
to each. The sample which shows the least 
colour but still has a very faint blue, is used as 
the basis for calculating the amount of ferro¬ 
cyanide to be added to the bulk. Usually 
enough ferrocyanide is added to precipitate 
about 90-95% of the iron and nickel present. 
The temperature is kept at 75° during the 
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purification process. The filtered liquor is 
evaporated at low temperature until the density 
reaches 35'^-36°Be., measured at 50“. About 
2 to 3 hours before this point is reached a sample 
is withdrawn and tested for free sulphuric acid, 
which, if present in large excess may appear in 
the finished crystals. For this test a sample of 
the filtered liquor is mixed with an equal volume 
of 45% calcium chloride solution and heated 
on a water bath. If more than a slight pre¬ 
cipitate is formed a sufficient quantity of lime 
is added to reduce the excess to about 0 - 2 % 
H 2 SO 4 . If lead-lined vessels have been used 
in the process appreciable amounts of lead may 
be present and can be removed at this stage 
together with any copper, tin and antimony. 
This is done hy adding sulphuretted hydrogen 
water. By the end of the operation the 
sulphides will be precipitated and the excess of 
sulphuretted hydrogen boiled off. 

The liquor is filtered clear and run into the 
crystallising vc^ssels. If largo crystals are 
required the lifjuor is kept 2 *t"rfectly still for 
about 3 to 5 days. When small crystals are 
required the liquor is kept in constant motion. 
After crystallisation is comjilete the liquor is 
drawn off and concentrated again. The process 
of ciystallivsation may be repeated as long as a 
satislactory product results. The crystals are 
drained, washed in a centrifuge, and dried at 
room temperature, or in a low'-temperature 
stove, before })acking. 

Manujacture hy Mould Fermentation .— 
Wehmer(J.S.C.I.1804,13,275; B,P.5620, 1893) 
first found that citric acid (ould bo obtained 
from sugar solutions by means of certain 
moulds. No successful industrial f)rocess w'as 
developed, however, until Thom and Currie 
(J. Agric. B(‘s. 1916, 7, 1) showed that strains 
of the mould Asjiergillus niger produce far 
more citric acid than Wehmer’s original 
Citrornyces. In a subsequent })ublication Currie 
(J. Biol. Chem. 1917, 31, 15) laid the foundation 
for the commercial fermentation process by a 
careful study of the optimum conditions for the 
formation of citric acid by Aspergillus niger. 

There are hundreds of strains within the species 
Aspergillus niger^ differing but slightly in their 
morphological details, but showing wide varia¬ 
tion in their biochemical characteristics. 
Different strains show great variations in their 
capacity for producing citric acid (Bernhauer, 
Biochem. Z. 1928, 197, 278). Those are selected 
which give the highest yields of the acid and do 
not produce other acids when grown on small 
quantities of suitable medium. Protod’yako- 
nov and Kresling (Proc. Inst. Sci. Kes. Food 
Ind. Leningrad, 1935, (1) 3, 3) state that the 
strains which give low yields form notched, 
darkly pigmented conidia and irregular-shaped 
heads, while those giving high yields form 
smoother heads. The latter are also more 
active in synthesising starch and form less fat 
in the mycelium (Kresling, ibid. 1935, ( 1 ), 3, 
130). The stock cultures must bo sub-cultured 
at definite intervals. Unless precautions are 
taken the acid-producing capacity of the mould 
is liable to deteriorate. Stark (B.P. 302338) 
claims that the acid-producing capacity of the 
stock cultures on gelatine or agar media can be 


' maintained if occasional growth cycles are intro¬ 
duced. This is accomplished by sub-culturing 
on to small quantities of solution similar to that 
used in the technical fermentation and next on to 
fruits rich in vitamins and containing organic 
acids, e.g. oranges, lemons, tomatoes, etc;. 
Kresling and Shtern (Prot;. Inst. Sci. Bes. Food 
Ind. Leningrad, 1935, (I), 3, 25) rauintain 
activity by occasionally siib-culturing several 
generations of the mould on media contain¬ 
ing ()*()25 to 0*05 iV'-hydro(*hlori(^ acid. In 
order to prevent unsuspected contamination of 
the stock cultures a method of bacteriological 
purification must be employed at definite 
intervals, Sucrose, invert sugar, giueose, 
maltose, and other sugars ar(‘ suitabh'. substrates 
for the fermentation. The best yields of citric 
acid are obtained, howcv(‘r, with sucrose. 
Currie considered the following medium to bo 
most favourable for citric acid fermentation 
w'ith As'pergillus niger: 

g. per litre. 

125-150 

2-0-2r) 

()-75-10 
0-20-0-25 

4-5 cc. of A75-Holutioii so 
that the pj^ is 3*4—3-5. 

The ]>re.sence of metallic ions in the solution 
exercises a powerful inlluencc on the growth of 
the mould and the production of acid. Stein¬ 
berg (Amor. J. Bot. 1919, 6 , 330) gives a list of 
17 elements, mainly heavy metals, which have 
been found to a(‘(!elerate the development of 
Aspergillus. Although there lias been con¬ 
siderable controversy about the stimulating 
action of manj^ of these metals, Steinberg (J. 
Agric. Kes. 1936, 52, 439) concludes that iron, 
zinc, copper, manganese and inolybdimum are 
all necessary for normal grow th and tliat these 
elements cannot replace each other. The 
mould is very sensitive to traces of these metals 
and a strict control must be exercised on 
their presence. Thus Smith (J.S.C.l. 1936, 55, 
2J7T) states that the addition of 0 ()()0]% 
of manganese to a culture solution containing 
small amounts of iron, co])per and zinc caused a 
large increase in growth of the myc'clium of 
As 2 )ergilius niger. Individual strains show 
considerable differences as regards the optimum 
salt concentration for citric acid formation. 
Vasil’ev (Biochem. Z. 1935, 278, 226) has 
shown that the different strains of mould which 
produce citric acid react differently from the 
addition of traces of zinc sulphate. The 
optimum nutrient salt concentration has to be 
found for each particular strain used, and for 
the type of vessel employed as the medium 
which gives the highest yields with small-scale 
fermentations is not necessarily the best when 
used on the large scale. Working with glass flasks 
Bernhauer, Duda and Siebenauger (Biochem. Z. 
1931,230, 475) obtained yields as high as 76.3% 
by wt. calculated on the sugar provided. 

Various difficulties have been encountered 
when the citric acid fermentation has been 
attempted on a commercial scale. Even if 
the medium is sterilised before inoculation it is 
difficult to prevent infection by bacteria. 


Sucrose 

NH4NO3. . . 

KH3PO4 . . 

MgS04,7H20 . 

HC\ ... . 
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yeasts and other fungi which interfere seriously 
with the citric acid fermentation. Certain 
organisms have a particularly unfavourable 
effect on As'pergillus niger. Yuill (Biochem. 
J. 1934, 28, 222) describes a Penicillinni which 
contaminates As'pprgillus niger (uilturcs. Fern- 
bach and Yuill (B.P. 266415) add sufficient 
hydrochloric acid to the medium to bring the 
Pjj to about 1-8 at which (oncentration the 
selected Af^pergillm niger can grow to the virtual 
exclusion of invading organisms so that heat 
Rterilisatiori can b(^ omitted. A better yield of 
(’itric acid results when the inversion of sucrose 
takes place gradually and under the influence of 
the mould. The diminislu^d hydroly.sis of the 
sucrose and the naluced risk of mc^tallic con¬ 
tamination of the nu'dium from the reaction 
v(‘ssel arc stressed in the above patent as 
advantage's of the omission of heat sterilisation. 

The fermentation is usually carried out in 
large, shallow vessels at a temperature of about 
3(F t o 32°. The spores of the selected organism 
begin to germinate about 5 hours after they 
hav(^ been sec'ded on the surface of the medium. 
Th(5 mycelium develo])s deep folds and wrinkles 
which pri'sent a very larger surface to the culture 
solution. (Jitric acid rapidly accumulates as 
soon as the mycelium has developed. The 
whole of the solution is constantly brought into 
contact with the mould by stirring or other 
means and controlled quantities of air are 
admitted to the cultures. After 8 to 12 days the 
solution is run off, and the mould pressed and 
beached. The liquors are then treated as above 
for the preparation of citric acid from citrus 
juices. Wells and Herrick (liid. Eng.Chem. 1938, 
30, 255) report a yield of 63% by wt. on the 
sugar taken. 

\VTiilst the highest yields are obtained using 
pure sucrose, citric acid can be obtained from a 
cheap source of raw material such as mola8.ses. 
the yield being about 19 per cent. Cahn 
(Ind. Eng. Chem. 1935, 27, 201) carries 

out the lerm(aitation with Aspergillus niger on 
shallow layers of bagasse impregnated with a 
molasses mash. The layers of bagasse are about 
1 to IJ in. thick and are supported on iron 
screens which form the bottoms of shallow 
trays. Aeration can thus take place both from 
above and below. The trays are protected from 
the a(*id by painting with a Bakehte varnish. 

The fermentation occupies about 36 hours to 
4 days, and sterilisation of the mash and its 
protection from infection from foreign organisms 
are stated to be unnecessary. At the end of the 
fermentation the citric acid is leached from the 
bagasse carrier, which can be used over and over 
again. 

Methods of Analysis. —Commercial Citric 
Acid. —Accurately weigh out 3 g. of the sample, 
dissolve in about 100 c.c. of water, and titrate 
with Y-sodium hydroxide using thymol blue 
as indicator. Each c.c. of Y-sodium hydroxide 
is equivalent to 04)7003 g. of CeHg 07 ,H 20 . 
Tlie “British Pharmacopoeia,” 1932, gives 
the following tests for purity; heat 1 g. of 
the powdered sample in a boiling water bath with 
10 c.c. of concentrated sulphuric acid for 1 hour; 
not more than a faint yellow colour is produced 
(absence of tartaric acid and of readily carbonis-1 


able substances). Dissolve 2 g. in 20 c.c. of a 
solution containing about 10% of N Hg and 1 c.c. 
of 10% solution of calcium chloride, and 
allow to stand for 24 hours ; the solution 
remains clear (limit of oxalic acid). Dissolve 

2 g. in 40 c.c. of water and add 10 c.c. of dilute 
ammonia solution (as above) and 5 drops of 
10 % lead-free solution of sodium sulphide ; 
the colour produced is at most only slightly 
deeper than that produced in a similar mixture 
containing in addition 1 c.c. of a 10% solution of 
potassium cyanide (limit of c()py)cr and iron). 
Dissolve 2*5 g. in water and add 1 c.c. of 10% 
barium chloride. Stir immediately with a glass 
rod and set aside for 5 minutes. The turbidity 
produced is not greater than that produced by 
adding 2*5 c.c. of Y/lOO sulphuric acid to a 
similar solution without the sample (limit of 
sulphates). Arsenic can be conv^eniently deter¬ 
mined by the Gutzeit method and should not be 
present in quantities greater thfin 1 part per 
million. Lead is determined by dissolving 
in water 7 g. (y)rimary solution) and 2 g. 
(auxiliary solution) of the sample; 10 c.c. of 
a solution of lead nitrate containing 0-001% 
of lead are added to the auxiliary solution. Each 
solution is made alkaline with a lead-free 
solution containing 10% of NHg, and then 
1 c.c. of 10% lead-free pota.ssium cyanide is 
added. If the solutions are turbid they are 
filtered. The two solutions are diluted to 50 c.c. 
and 2 drops of a 10% lead-free solution of 
sodium sulphide are added to each and 
thoroughly mixed. If the the colour in the 
primary solution is greater than that in the 
auxiliary solution the sample contains more 
than the limit of 20 parts of lead per million. 
The proportion of lead in the sample ('an be 
determined by observing the quantity of the 
dilute solution of lead nitrate which must be 
added to the auxihary solution in order that, 
after dilution to 50 c.c., there may be equal 
colours produced on the addition of 2 drops of 
the sodium sulphide solution. On incineration 
the sample should not leave more than 0-05% 
of residue. 

Citrus Juicers and Acid Liquors. —The acidity 
is determined by titration using thymol blue or 
phenolphthalein as indicator. Combined organic 
acids are estimated by neutralising a measured 
quantity of the sample with sodium hydroxide, 
evaporating to dryness, and gently igniting. 
The ash is dissolved in a known quantity of 
standard acid, boiled and filtered. The excess 
of acid is determined by titration with alkali. 
The alkali added when neutralising the sample, 
subtracted from the alkalinity of the ash, gives 
the amount of alkali corresponding to the bases 
of the organic salts. From this figure the amount 
of combined organic acid can be calculated. 

Citric acid is usually estimated by Warington’s 
method (J.C.S. 1878, 28, 934) or a modification 
thereof. Warington proceeds as follows; 15- 
20 c.c. of imconcentrated lemon juice, or about 

3 c.c. of concentrated juice, are exactly neutral¬ 
ised with sodium hydroxide. The solution is 
diluted to 50 c.c. and heated to boiling in a 
salt or glycerin bath and sufficient calcium 
chloride solution added to precipitate all the 
organic acid present. The whole is boiled 
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for half an hour and the precipitate collected 
on a Rmall filt(‘r and washed with hot water. 
The filtrate and washings are concentrated to 
about 10-15 c.c. and the solution neutralised 
with a drop of ammonia if it has become acid. 
The second precipitate thus obtained is collected, 
the filtrate being used to transfer the precipitate 
on to the paper, which is w'ashed wdth hot water. 
In very accurate estimations the concentration 
should be repeated and any fuidhcr precipitate 
collected. The precipitates in their papers are 
then burnt at a low red heat and the neutralising 
power of the ash determined with standard acid 
and alkali. Each c.c. of JV-acid corresponds 
to 0-070 g. of CeHp 07 ,H 20 . iSometimes 
the first precipitate only is collected and, the 
conditions being standardised, allowance is 
made for the solubility of the calcium citrate. 

Calcium Citrate .—Excess of chalk or lime is 
estimated by dissolving 6 g. of the sample in 
dilute standard hydrodilorie acid in a covered 
beaker and then titrating with standard alkali. 
Citrate is estimated by gently igniting 2 g. of 
the sample and determining the alkalinity of 
the ash with standard acid and alkali. By 
deducting from the alkalinity of the ash that 
due to the chalk previously determined, the 
amount of base which has to be calculated as 
citrate is found. If other organic salts are 
present the citrate is dissolved in dilute hydro¬ 
chloric acid and the citrate estimated by 
Warington’s method as in the case of citrus 
juices. 

Milki Wine., etc .—Citric acid occurs only in 
small quantities in these substances. Milk 
contains about 1 to 4 g., and wine about 0-4 g. 
per litre. The methods of estimation are based 
on the same principles as those mentioned above 
in the section on “ detection.” There are no 
very simple methods of estimation and many of 
those described in the literature are unreliable. 
Lampitt and Rooke (Analyst, 1936, 61, 654) 
have examined a number of the methods and 
recommend a technique for estimating citric 
acid with special reference to milk. Their 
method is carried out as follows: to 50 c.c. of 
milk serum (Lampitt and Bogod, Chim. et Ind. 
1932, 26, 777), or other solution containing 
citric acid, are added 10 c.c. of sulphuric acid 
(1:1), if not already added in the preparation of 
the solution, except for pure citric acid and 
milk serum, 10 c.c. of freshly prepared bromine 
water should also be added, and any precipitate 
formed from acetonedicarboxylic acid filtered 
off after .'Standing for half an hour. 5% 
Potassium permanganate solution is added drop 
by drop from a burette with constant shaking 
until a brown i)recipitate persists, 10 c.c. being 
usually required for 0*1 g. of citric acid and 25 c.c. 
for a milk serum. The mixture is allowed to 
stand at room temperature for 1 hour, further 
potassium permanganate being added if the 
brown precipitate disappears. Sufficient 20% 
ferrous sulphate in 1% sulphuric acid is then 
added slowly until a pale yellow solution 
containing a white precipitate is obtained, 
and the mixture is cooled in an ice chest over¬ 
night, The precipitate is removed by filtration 
through a sintered glass crucible, the reaction 
flask being washed out with the filtrate to 


remove the last traces of precipitate, and 
the washings passed through the crucible. The 
precipitate in the crucible is then washed with 
10, 10, and 5 c.c. of cold water. The crucible 
is dried to constant weight in a vatmum desicca¬ 
tor. The precipitate is dissolved out of the 
crucible with industrial spirit, followed by 20, 
10, and 10 c.c. portions of ether. The crucible 
is again dried in the vacuum desiccator and 
weighed, the loss in weight being taken as 
pentabromoacetonc. 

Citric acid, C6HgO7=0-424^t^;+where 

w represents the difference in weight of 
the crucible before and after treatment with 
industrial spirit and ether, V the original 
volume of filtrate from the reaction mixture 
less the total volume of washings. Results 
show that citric acid up to 0-11 g. may be 
determined in the presence of lactose to within 
2 mg. 

B. T. 

CITRON. The fruit of Citrus Medica L. 
Originally of oriental origin, citrons an^ now 
grown in Southern Europe and in California 
and Elorida. The fleshy-walled fruit is not 
edible in the raw state but is well known as 
“ candied citron.” The rind of the citron 
melon {Citrullus vulgaris), a variety of the 
common water-melon, is also prepared in a 
candied form as a substitute for the true 
citron. The tough, bitter-fiavoured fruit is 
halved and fermented in brine for 40-50 days, 
during which the bitter flavour is removed and 
the tissue softened. The salt is then washed 
aw ay and the peel steeped in a series of syrups 
of increasing sugar content until the maximum 
adsorption of sugar has taken place. Sucrose 
syrups tend to give a hard peel, and an admixture 
of 35% of fructose is common. The com- 
f)Osition of fresh and candied peel is given by 
Eellcrs and Smith (J. Agric. Res. 1936, 53, 859): 



Fresh. 

Candied. 


O' 

O' 

H^O . 

88-6 

18-8 

Ash. 

0-44 

0-5 

Protein. 

015 

0-16 

Ether extract . 

0-32 

0-33 

Crude fibre .... 

1-09 

1-37 

Total sugars (as invert) 

1-55 

4301 

Total carbohydrates . 

9-4 

78-8 

CaO 

0-09 

0-06 

PjO, . 

0-05 

0-04 

KjO . 

0-11 

0-02 

Fe, Cu, 1 . . . . 

traces 


^ Consisting of 28-1% glucose and 14-9% sucrose. 

A. G. Po. 

CITRON, ESSENTIAL OIL OF. 

This oil, also known as oil of cedrat, is expressed 
in Sicily from the peel of the fruit of the citron. 
Citrus medica Linn (Fam. Rutaceee). Three 
varieties are known as the cedro, the cedrone 
and the cedrino. The cedro has a thick rind 
and hard flesh, the cedrone has abundant edible 
flesh, and the cedrino is a small fruit. 
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Composition. —The main constituents are 
limonene, citral, of which 5 to 6% is present, 
and a stearoptene identical with citraptene 
found in oil of lemon. 

Characters. —A pale yellow oil, sp.gr. 0-850 
to 0-852, opt. rot. at 20'' +80‘’-81'’, 1-475. 

Citron oil of commerce is frequently a mixture 
of oil of lemon, oil of orange and oil of bergamot. 

C. T. B. 

CITRONELLA, ESSENTIAL OIL 

OF. The oil obtained by distillation from the 
grass C^jrnbopogon Nardus Ken die, which is 
grown principally in Ceylon, Burma and the 
Straits Setthunents. Two varieties of this grass 
are found in Ceylon. The best quality, known 
as Maha Pengiri or Winter’s grass, yields an 
oil containing a high percentage of acictylisable 
constituents, 80-90%, and is found in Burma 
and the Straits Settlements. The acetylisable 
constituents consist of geraniol and citronellal. 
The commoner variety, known as Lena Batu^ 
yields the ordinary (.’eylon oil, which contains 
55 to 65% of acetylisable constituents, chiefly 
geraniol. Two or three harvests a year can be 
obtained under favourable conditions. 

L'onsiiluenIs. —Geraniol, citronellal, camphene, 
depentene, limonene, borneol, nerol, farnesol, 
methyl heptenone, and an aliphatic sesquiter¬ 
pene. dava oil contains, in addition, dicitro- 
nelloxide, raethyl-eiigenol and citronellic acid. 

Characters. —Ceylon oil has sp.gr. 0-897 to 
0-912, opt. rot. at 20^^ -O'" to -14”, 1-479 to 

1-485. Total acetylisable constituents 57 to 
62%. Soluble in 10 volumes of 80% alcohol. 
The best oils (so-called plantation oils) are 
clearly soluble in 3 to 4 volumes of 80% alcohol 
and remain clear with 10 volumes. Inferior 
oils become turbid with 3 to 4 volumes of 80% 
alcohol, clearing somewhat with 10 volumes. 
Such oils may contain 10-15% of petroleum. 
The solubility test on which London contracts 
are based requires that the oil shall be soluble 
in 10 volumes of 80% alcohol with only slight 
turbidity, and with separation of oily drops on 
standing 24 hours at 15-5°C. 

Java oil has sp.gr. 0-885 to 0-900, opt. rot. 
at 20” -2” to -5”, 1-468 to 1-473, Total 

acetylisable constituents not less than 85%, 
determined by the method of the “ British 
Pharmacopoeia ” for the determination of free 
alcohols in essential oils, but using the formula 

_ 7-707?i __ 

weight of acetylated oil—0-02In 

—Percentage of acetylisable constituents, 

whore n—number of miUilitres of iV^/2-alcoholic 
potassium hydroxide solution consumed during 
the saponification of the acetylated oil. 

Citro7ieUal Content. —The Ceylon oil contains 
only 6-8% of citronellal and the determination 
is not usually carried out in commercial practice. 
For the Java oil, however, the determination of 
citronellal is of importance, and the method 
adopted is as follows : 

Weigh accurately about 2 c.c. of the oil in a 
stoppered tube and place in a freezing mixture. 
Add about 10 c.c. of a iV^-hydroxylamine hydro¬ 


chloride solution, prepared as below, and cooled 
to—10°, and titrate immediately with iV-alcoholic 
KOH, adding the alkali slowly, a few drops at a 
time, taking groat care to avoid going beyond the 
orange colour. Continue the titration as long as 
a rod colour develops, then allow to stand at 
laboratory temperature for one hour and com¬ 
plete the titration to the full yellow colour. Ea<4i 
c.c. of A-aleoholic potash is equivalent to 0-076 
g. of citronellal. 

Preparaiion of N-II ydrox.ylanilne Hydro¬ 
chloride Solution. —Dissolve 6-95 g. of pure 
hydroxylamine hydrochloride in 95 c.c. of pure 
90% (by volume) alcohol; add 10 drops of a 
0-2% solution of pure methyl orange in 60% 
alcohol, and adjust to the full yellow colour of the 
indicator with A/2-alcoholic j)otash and make 
up to 100 c.c. with 90% alcohol. 

The percentage usually present is 30 to 40. 
Both oils are usetl for soap scenting, and the 
Java oil is employed as a source of geraniol 
and citronellal. 

C. T. B. 

CITRON ELLAL. The aldehyde, citronellal 
CjoHjgO, knownalso as rhodinal although it is 
valued as a perfume, does not otaair very widely 
distributed in nature. The dextrorotatory form, 
b.j). 205-206”, 0-855, n^y 1-448, l a% +12-3”, 

is the main constituent of Ceylonese c'itronella oil 
from Cytnbopoyon Nardus^ and it is found also 
in certain eucalyptus oils ; Ihe hevorotatory 
aldehyde has been isolated from Javanese 
citronella oil and also from the oil Irom Finns 
Jejferyi. For identifi(;ation of the aldehyde the 
se7nicarbazone, rn.)). 85”-88”, may bo used, but a 
more characteristic d(‘rivative is cltronellyl^- 
naphthociricho7iic acid, m.p. 225”, pr(‘parcd b}’' the 
condensation of the aldehyde with /3-naphthyl- 
amine and j)yruvic acid (Doebner, Ber. 1894, 
27, 2024). For the isolation of citromdlal the 
compound which it forms with sodium bi¬ 
sulphite may be utilised, but (uire must be taken 
in its decomposition since the aldehyde is very 
susceptible to the action of alkalis. 

The constitution of citronellal was established 
by the extended investigations of Harries and 
his collaborators (Ber. 1901, 34, 2981 ; 1908, 41, 
2187; Annalen, 1915, 410, 8) on the oxidation 
of the aldehyde and its dimethyl acetal with 
ozone. They showed it to be a mixture of the 
two aldehydes represented by (1) and (11), 
degradation products of both these forms 
being obtained as indicated in the scheme 
at the head of the next page. 

Since citronellol (g'.r.) gives on oxidation 
citronellal (Tiemann and Schmidt, Ber. 1897, 
30, 33), the synthetic methods adopted for the 
preparation of this alcohol apply also to the 
aldehyde. On catalytic hydrogenation citro¬ 
nellal yields the saturated aldehyde dihydro- 
citronellal (Paal, G.P. 298193) or the saturated 
alcohol (von Braun and Kaiser, Ber. 1923, 56, [B], 
2271). On oxidation with silver oxide citro¬ 
nellic acid is obtained, the rf/-form of which 
occurs in camphor oil (Kochussen, J. pr. Chem. 
1922, [ii], 105, 124) and probably also in the oil 
from Calythrix Tetragona (Pcnfold, Ramage and 
Simonsen, J. Proc. Roy. Soc. Now South 
Wales, 1935, 68 , 80). 

Citronellal condenses readily with acetone 
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CHjtCMe CHj CHj-CHj CH CHj CHO —>■ H CHO+ MeCO CHj CHj CHj CHMe CHj CHO 

i 

MeCOCC;" ^CHMe 

XCHjjCHjj/ 

Me2C:CHCH2CH2CHMeCH2CHO —► McgCO + CHOCH2CH2CHMeCH2CHO 



CCHO CCOgH 


in the preRcneo of alkali to yield dihydro- 
psendoiovnnr (III) and (IV) (Haamiann and 
Keimcr, G.P. 75128; Knpe, Ber. 1900, 33, 857) 
which on ring closure yields dihydroionone (V). 
This ketone lias a relreshing odour and finds 
application in perfumery. 


Me„C:CH-CH.CH2CHMe-CHo-CH:CHCOMe 

III. 


CH„ 


MeJ 


CH,. 


•HCrCH'CH <!:Ho 


MeCO 

^CHMe 

V. 

t 

I 

CHgrCMe-CHa’CHg'CHgCHMeCHgCHiCH-COMe 

IV. 


Cyclic derivatives may be prepared also very 
readily from eitronellal itself. As w'as shown 
by Tiemann and Schmidt (Ber. 1896, 29, 913; 
1897, 30, 27) it yields on digestion with acetic 
anhydride imjndegol acetate, which can be 
hydrolysed to the alcohol (VI). The alcohol is 
formed also by the action of dilute sulphuric 
acid (Barbier and Leser, Compt. rend. 1897, 
124, 1308; Horiuchi, Mem. Coll. 8ci. Kyoto, 
1928, 11 A, 171), formic and phosphoric acids 
(Brins, Chem. Weekblad, 1916, 14, 627). With 
sulphuric acid the glycol (VII) is also formed. 


CHMe 

C CH„ 


HoC 


CH 


CHOH 




MeC:CH 2 

VI. 


CHMe 

HgC CHj 

I I 

HgC CHOH 

N-s" 

C^MegOH 

VII. 

J. L. S. 


CITRONELLOL. The alcohol citronellol, 
CjoHoqO, finds a wide application in the 
manufacture of perfumes and occurs in a 
number of essential oils, such as rose oil 


(from Rosea damascena), geranium oil (from 
Pela.rgoniwu odoraiitissimicru) and in both Ceylon 
and Java citronella oils. It is identical with 
the alcohols knowm as rhodinol, reuniol, 
roseol. The natural alcohols are optically 
active and the following constaiits have been 
observed: d-citronellol (from Java citronella 
oil), l).p. 10375 mm., d'o 0-8(i04~0-8629. n’J 
1-456.5-1-45791, [a]j, -| 2-7°-2-3'’; b.p. 114- 
115712 mm„ (/-■* ()-856-()-8()2, l-45(i09- 

1-4561, [a’li) —4‘2'\ The alcohol can be 
identified most n-adily by the preparai ion of the 
allophanate, m.p. 105-106° (Crignard and 
Doeuvre, Compt. rend. 1928,187, 270 ; Doeuvre, 
Bull. Soc. chim. 1929, [iv], 45, 352). 

The problem of the structure of citronellol 
has formed the subject of a ])rolonged con¬ 
troversy now only of historic interest. »Since 
it is formed by the reduction of eitronellal 
(II or Ila) with sodium amalgam (Dodge, 
Amer. Chem. J. 1889, 11, 465; Tiemann and 
Schmidt, Ber. 1896, 29, 903) it must be a 
primary alcohol, and this is confirmed by its 
oxidation to eitronellal with chromic acid, when 
at the same time citronellic acid (111 and Ilia) 
and isopulegol are formed (Tiemann and 
Schmidt. Ber. 1897, 30, 32). On oxidation with 
potassium permanganate followed by chromic 
acid, acetone, formic, and jS-methyhulipic acids 
(IV) are obtained. The intermediate stages of the 
oxidation are shown in the scheme given at the 
head of the next page (Kotz and Stcohe, J. pr. 
Chem. 1924, [iij 107, 197). 

There can be no doubt that citronellol is a 
mixture of the two alcohols represented by (I) 
and (lu) the actual percentage composition of the 
mixture being dependent upon the source or 
prior treatment of the alcohol. In a careful 
series of experiments Grignard and Doeuvre 
(lx.) have shown the alcohol from four dift'erent 
sources, (a) from Java citronella oil, (6) from the 
reduction of eitronellal, (c) from eitronellal 
acetate, and (d) synthetic, from methylheptcnyl 
bromide, to be a mixture in which the alcohol (1) 
predominates, the percentage varying from 81 to 
72%. These values are based upon the yields of 
acetone and formaldehyde when citronellol is 
oxidised with ozone. The oxidation of citro¬ 
nellol with ozone was first studied by Harries 
and Himmolmann (Ber. 1908, 41, 2187 ; Annalen, 
1915, 410, 8); subsequently Helferich and 
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MegCiCHCHgCHa-CHMe-CHa-COaH 

III- fr^r. 

I CrOg 

McoCrCHCHo-CHoCHMeCHn-CHO 
“• N,H«1 Jcr 03 

Me2C:CH-CH.yCH2CHMe-CH2CH20H 


KMnO^ I 


CHgtCMe-CHg-CHaCHaCHMe-CHg-COaH 
Ilia. t 

I CrOg 

CH2:CMe-CH2CH2*CH2-CHMeCH2*CHO 


CH2:CMe-CH2-CH^-CH2*CHMeCH2CH,OH 

“la. “| 

KMnO. 


Me2C(OH)-CH(OH) CH2 CH2 CHMe CH2 CH2 0H CH2(OH) CMe(OH) CH2 CH2 CH2 CHMe CH2*CH20H 


Me2CO + HOoCCH2*CH2CHMe-CH.,CO„H 

IV. 


H-C02H + CH3C0CH2CH2CH2CHMeCH2C02H 


Sparmbcrg (Ber. 1931, 64, [B;, 104) have shown 
that the hydroxyaldehyde^ 

OHCCHgCHgCHMeCHgCHgOH, 

is formed also. 

Citronellol has been synthesised in a number 
of ways: (a) l)y the; reduetion of ethyl geranate or 
ethyl citronellato with sodium and alcohol 
(Boiiveault, Bull. 8oc, chim. 1900, [hi], 23, 458; 
Clompt. rend. 1904, 138, 1099; Barbier and 
Loequin, Compt. rend. 1913, 157, 1114); 
(6) by the reduction of citronellal, and (c) by its 
conversion through its oxime into citroncllic 
acid with subsequent reduction of the ester of 
this acid; (d) from methylheptenyi bromide 

(Grignard and Doeuvre, lx.); (e) by the 

reduetion of gcraniol with aluminium amalgam 
which is said to be used technically (Ullmann, 
Encyclopiidie der Tcchnischcr Chcmic, 9, 572). 
On catalytic hydrogenation citronellol yields 
the saturated alcohol (Paal and Amberger, G.P. 
340949 ; Haller and Marline, Compt. rend. 
1905, 140, 1303). 

J, L. S. 

CITRONELLYL ESTERS. Citronellol 
iq.v,) forms a number of esters valuable as per¬ 
fumes. Tliey may be described as having floral 
and fruity odours, with, in general, rose and 
bergamot predominating. The following are the 
principal of these esters, with their approximate 
characters: acelatCy b.p. 120715 mm., sp.gr. 
0*901, 1*4480; hutyraiey b.p. 13575 mm., 

sp.gr, 0*891, 1*4490; propionate^ sp-gr. 

0*895, 1*4455. Citronellyl formate, benzoate, 

cinnamate, and valerianate are also prepared 
and used as perfumes to a small extent. 

E J P 

CITRULLINE, CgHigOgNg, an amino- 
acid found in water-melon Citrullus vulgaris 
by Wada (Proc. Imp. Acad. Tokyo, 1930, 6, 15; 
Biochem. Z. 1930,224,420). It is formed by the 
action of putrefactive bacteria on arginine 
(q.v.) (Ackermann, Z. physiol. Chem. 1931, 
208, 66), and yields ornithine on alkaline 
hydrolysis (Wada, Proc. Imp. Acad. Tokyo, 
1932, 8, 367), and when perfused through the 
dog’s stomach produces both arginine and 
ornithine. CitruUine has m.p. 220"-222®, is 
optically inactive and forms a violet copper 
salt, decomp. 257“-258°. The constitution 
a-amino-8-carbamidovaleric acid, 

NHjCO*NH*[CHj3*CH(NH2)COOH, 

VoL. III.—13 


has been confirmed by synthesis from arginine 
by way of ornithine, dibenzoylornithine, S-araino 
a-benzamidovaleric acid and S-carbamido-a- 
benzamidovaleric acid (Wada, lx.). 

CIVET. Civet is the most obnoxious of the 
animal perfume materials, having a revolting 
odour. Wlien very highly diluted, however, 
its odour becomes pleasant, and its lixative 
properties in perfumes are very pronounced. 
It is a secretion from the perineal glands forming 
a deep pouch in the posterior part of the 
abdomen of the civet cat. The functions of the 
civet pouch are not definitely knowm, but it is 
ju'obablc that the r(*])ellent odour is a means of 
protection, or possibly its functions are those of 
sexual attraction. Practically tlie w'hole of the 
world’s supply comes irom Abyssinia. The 
cat wdiich yields most of the civet is Viverra 
civettxiy a wild animal whitdi becomes fairly tame 
on keeping in captivity, except when the civet 
is being extracted. The cats are ke])t in long 
cages in which they cannot turn round, and tludr 
legs are secured and the civet extracted from the 
pouch with a small horn spoon. The secretion 
is greater if the animals are teased and irritated 
for a short time. There are other species of 
civet cats, but they are not of commercial 
importance. Chvet is a substarn^e of the 
consistency of honey, of a yellowish to brown 
colour, with a powerful fajcal odour. It is 
packed in bullocks’ horns secured with a leather 
cap. The horns contain from 25 to GO oz. 
Owing to its high price it is fre{juently adul¬ 
terated. A genuine civet should have the 
following characters: 

Loss at 100°—not exceeding 25%. 

Mineral matter—not exceeding 2%. 

Acetone extract—65 to 80%. 

Alcohol extract—45 to 65%. 

Ether extract—11 to 24%. 

Chloroform extract—not exceeding 6%. 

The acetone, alcohol, ether, and chloroform 
extracts should have the following acid and 
ester values: 

Acid value. Ester value. 

Acetone extract . . 85-115 25-50 

Alcohol extract . . . 110-150 20-53 

Ether extract . . . 8-26 55-90 

Chloroform extract . . 6-40 75-170 

The acetone extract should not melt com- 
pletelv below 40^" and the saponification value 
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should be from 130 to 155. The principal 
adulterants of civet are petroleum jelly, lanoUne, 
butter and banana pulp. The following table is 


given by Schimmel & Co. (Report, 1921, 60) as 
showing the charac^ters of a number of adulter¬ 
ated samples of civet: 


CrvET (Adulterated). 


ICo. 

Alcohol extract. 

Ether extract. 

Chloroform extract. 


Water, 

, Ash, 

Mode of 

% 

A.V. 

E.V. 

8.V. 

% 

A.V. 

E.V. 

S.V. 

% 

A.V. 

E.V. 

S.V. 

% 

% 

adulteration. 

1 

28-4 

122-3 

38-7 

IGIO 

25-2 

0-7 

28-0 

34 7 

0-2 

— 

— 

— 

10-0 

29-3 

1-2 

Vaseline, organic 
substance, water 

2 

30 fi 

110-3 

31-2 

150-5 

29-2 

10-5 

38-9 

49-4 

2-0 

8-4 

111-9 

120-3 

15-4 

22-8 

]-() 

Va.scline, organic 
substance, water 

3 

34-6 

127-8 

33-2 

l()i-0 

9-3 

211 

00-2 

87-5 

0-1 

— 

— 

— 

49-3 

6-7 

43-0 

'I'alc 

4 

43-8 

120-9 

17-9 

1.S8-8 

38-2 

13-2 

34-4 

47-0 

4-3 

6-5 

97-7 

— 

0-0 

7-1 

— 

Vascliiie 

6 

29-8 

101-0 

16-8 

117-8 

53-9 

8-4 

30-5 

38-9 

7*2 

— 

— 

.— 

0-8 

2-3 

— 

Vas(dine 

C 

26-9 

120-8 

60-0 

170-2 

27-0 

0-1 

! 20-4 

1 32-5 

0-.3 

— 

— 

— 

10-8 

28-4 

1-04 

Vaseline, organic 
Bubstuucc, water 

7 

28-3 

J30-C 

39-6 i 

170-8 

2.3-2 

18-2 

40-0 

58-8 

0-5 

— 

— 

— 

17-0 

30-4 

— 

Vaseline, organic 
Bubstance, water 

8 

29-8 

1222 

32-0 

154-2 

25-8 

9-8 

35-8 

45-0 

2 3 

12-2 

97-4 

109-0 

16-0 

26-1 

1-2 

Vaseline, organic 
substance, water 

9 

41-4 

— 

— 


41-0 

..— 

— 

— 

3-4 

— 

— 

— 

5-8 

7-8 

— 

Vaseline 

10 

41-5 

119 1 

30-9 

150-0 

12-5 

28-0 

50-0 

84-0 

0-5 

— 


— 

20-2 

25-3 

1-5 

Vaseline, organic 
substance, water 

11 

35-3 

115-8 

38-9 

154-7 

12-8 

20-2 

65-6 

91-8 

0-3 

— 

— 

— 

45.0 

0-0 

39-0 

Talc 

12 

33-3 

— 


— 

13-4 

— 

— 

— 

0-2 

— 


— 

44-9 

8-2 

— 

Organic siib- 
st,anc(! 

13 

340 

— 

— 

— 

10-8 

— 

— 

— 

0-2 

— 

— 

—■ 

48-7 

0-3 


Organic sub¬ 
stance 

14 

33-5 

128-7 

29-2 

157-9 

11-0 

20-4 

08-7 

89-1 

0-5 

— 

—. 

— 

48-1 

C-9 

42-2 

Talc 

15 

370 

119-9 

53-C 

173-5 

19-0 

28-0 

71-4 

100-0 

0-0 




19-3 

22-9 

1-7 

Vaseline, organic 
substance, Mater 


The following publications should be con¬ 
sulted : E. J. Parry (Chemist and Druggist, 1902, 
61, 901 ; 1903, 62, 871 ; 1904, 65, 168); Burgess 
(Analyst, 1903, 28, 101); Charabot and Hubert 
(Bull. Soc. chim. 1910, (iv), 8, 687); Schimmel 
& Co. (Reports, 1921, 60; 1924,99; 1930,110); 
Nivi^ro (Bull. Soc. chim. 1920, (iv), 27, 794); 
and Bennett and Seaber (Perf. & Essent. Oil 
Roc. 1929, 20, 14). Civet contains scatole, indole, 
ethylamine, propylamine, some free acids not 
identified, and a characteristic ketone which 
w^as described by Sack (Chem.-Ztg. 1915, 39, 
538) under the name zibetone, but which is now 
usually known as civetono, melting at 3P. 

Civetone has the formula C 17 H 30 O. It has 
been completely synthesised by Ruzicka (Helv. 
Chim. Acta, 1926, 9, 230) and shown to be a 
17-carbon ring compound. Its constitution is as 
follows; 

^ il 

E. J. P. 

CLARIFOIL. Cellulose acetate transparent 
tissue. 

C LA RIT, A German activated earth. 

C LA USTHALITE, a mineral of the formula 

PbSe. 

CLAVICEPSIN, Ci 8 H 340 ie, 2 Aq„ m.p. 
91°, and 198° (anhydrous), is found in Secale 
cornutum; it is not hydrolysed by emulsin, 
but gives 2 molecules of glucose and 1 molecule 
of mannitol on acid hydrolysis (Marino-Zuco and 
Pasquero, Gazzetta, 1911, 41, [ii], 368). 

E. F. A. 

CLAY (Fr. Argile; Ger. Them). The term 
“ clay ” denotes certain earthy materials which 
possess the property of plasticity and which 
when heated to redness or higher become hard. 


Clays are the weathered products of silicate 
rocks, especially those of the felspathic type, and 
contain hydrated aluminium silicates. According 
to J, W. Mellor (“Comprehensive Treatise'on 
Inorganic Chemistry,” London, 1925, VI, 468) 
there are three recognised hypotheses on the 
conversion of felspathic rocks into clays. These 
are ( 1 ) the action of surface waters charged with 
carbon dioxide; ( 2 ) the action of water draining 
from peat bogs containing organic acids in 
solution; (3) the action of volcanic gases and 
vapours, that is, pneurnatolytic action. In the 
normal w'eathering of granitic rocks, water, 
carbon dioxide and oxygen are the chief agents 
causing the breakdown. Ferrous compounds 
present in the rock are oxidised to hydrated 
ferric oxide, some of which may remain. The 
alkali and alkahne earth compounds formed are 
removed in solution, while the quartz is com¬ 
paratively unaffected. Thus, as the result of 
this weathering, hydrated aluminium silicate, 
hydrated ferric oxide, quartz, together with a 
proportion of felspathic or micaceous material, 
remain. If the water attacking the granitic 
rocks contains organic acids, i.e. humic acids in 
solution, the action is more severe. In some 
cases the severity of the action has resulted 
in the breakdown of the hydrated aluminium 
silicate, hydrated alumina remaining. Such an 
action is known as laterisaiion. Certain impor¬ 
tant beds of highly aluminous earths, such as 
gibbsite (AljOg-SHjO), bauxite (Al 203 * 2 H 20 ), 
and diaspore (AlgOg'HjO) are of lateritic 
origin. The natural deposits of clay are 
themselves extremely diverse in character and 
frequently very impure, owing to the action of 
the different natural agents and the opportunities 
which have occurred in geological time for such 
processes as the leaching out or infiltration of 
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soluble salts, the classification according to 
particle size in streams, rivers, lakes and 
seas, the admixture with mineral or organic 
impurities, sedimentation, the consolidation by 
pressure or earth movements. The china clays 
of Cornwall have probably been formed by 
pneumatolytic action. In support of this it is 
pointed out that ( 1 ) the clay is often found at 
considerable depths in the body of the rock, 
( 2 ) minerals containing boron and fluorine are 
often found associated with these clays. 

The terms “ primary clay ” and “ residual 
clay ” arc used for those clays which are 
found at the place of their formation. China 
clay is an example of this typo. In general, 
primary clays are comparatively free from 
impurities other than quartz and undocomposed 
felspars. These impurities are removed by 
washing from commercial china clay. A 
“ secondary clay ” or “ sedimentary clay ” is 
one which has been transported, usually by 
water, and redeposited. Such transportation 
and redeposition may have taken place many 
times. The sedimentary clays obviously fall 
into the geological classification of sedimentary 
rocks. 

In Great Britain, in the Carboniferous System, 
there occur clays of considerable economic 
importance. Thus, in the Middle and Lower 
Coal Measures fireclays, which form the basis 
of the refractory materials industry, are found. 
These clays are obtained in many districts, 
particularly Stourbridge, North Staffordshire, 


Yorkshire (Halifax, Leeds, Sheffield, etc.), 
Durham, and Lanarkshire. Besides the manu¬ 
facture of firebricks, clays belonging to this 
class are used in the manufacture of drain¬ 
pipes, glazed bricks, and sanitary fireclay ware. 
In the Upper Coal Measures of the Carboniferous 
System considerable deposits of a series of 
clays known as Etruria marls are found in 
North and South Staffordshire and the Ruabon 
district of North Wales. These clays, which 
may be fired “ red ” or “ blue ” according to the 
methods of firing adopted, are used extensively 
in the production of roofing tiles. The Keuper 
marls (clays) of the Triassic; the Lias clays, 
the Oxford clays and the Kimmeridge clays of 
the Jurassic; the Weald clay and the Gault of 
the Cretaceous, and certain Tertiary clays, are 
all used in the manufacture of building bricks. 
Ball clays, which are characterised by high 
plasticity and bonding power, are fine-grained, 
sedimentary clays of the Tertiary group. 
They are found at Newton Abbot (Devon) and 
Poole (Dorset), and together with china clay 
are used extensively in the pottery industry. 

The Composition of Clay. —Most clays are 
composite bodies containing, in varying amounts, 
( 1 ) hydrated aluminium silicates, ( 2 ) quartz, 
(3) ferruginous compounds, including limonite, 
siderite, pyrites, and nontronite, (4) alkaline 
earth compounds, (5) fclspathic an(i micaceous 
substances, ( 6 ) carbonaceous matter. The 
following ultimate analyses of some clays will 
illustrate this diversity of composition : 


Table 1.—Analyses of Clays. 



China clay 
(Cornwall). 

Ball clay 
(Devon). 

Fireclay 

(Stoiu- 

bridge). 

Fireclay 

(Scotland). 

Etruria marl 
(N. Stalls.). 

Triassic clay 
(Birming- 
liarn). 


o/ 

% 

% 

% 

% 

O' 

SiOj. 

4G-90 

59-42 

55-24 

44-24 

50-10 

54-b 

TiOg. 

0-37 

0-94 

1-34 

1-36 

1-54 

0-78 

AlgOg. 

39-52 

27-24 

28-35 

36-92 

24-64 

20-14 

Fe'o* .... 

0-30 

0-62 

2-25 

2-16 

10-72 

6-32 

CaO. 

0-25 

0-47 

0-40 

0-22 

2-10 

5-71 

MgO. 

0-16 

0-22 

0-22 

0-14 

0-46 

3-21 

KgO. 

0-20 

2-26 

0-84 

0-36 

1-82 

1*40 

NaaO. 

0-06 

0-40 

0-36 

0-16 

0-36 

0-32 

1 Loss on ignition . 

12-56 

8-90 

10-52 

14-10 

8-20 

8-02 


100-32 

100-47 

<J9-52 

99-66 

99-94 

100-42 


Calculated Proximate Analyses, 



“ Clay substance ” 

98-1 

60-9 

67-6 

90-90 

— 

— i 

Quartz. 

— 

21-0 

19-5 

0-50 

— 

— 

Felspathic matter . 

1-4 

16-0 

7-2 

3-10 


— 


(The titanium, iron, calcium, and magnesium compounds are not included in the proximate 
analyses.) 


Numerous attempts have been made to 
examine clays by the so-caUed method of 
rational analysis, the object being to determine 
by chemical means alone the amounts of 
“ clay substance,” quartz, and “ felspathic 
matter ” present in them. These efforts have 
not proved satisfactory. By making certain 
assumptions, chiefly that the “ clay substance ” 
has a formula Al 203 * 28 i 02 * 2 H 20 , and that 


the felspathic matter can be calculated as ortho- 
clase, K 30 *AIg 08 - 6 SiOo (the total alkalis 
being considered as KjO), a ” proximate ” 
analysis can be computed from the ultimate 
analysis of a clay. This is a useful device. 

Kaolin or china clay is often regarded os 
the simplest form of clay. In early investiga¬ 
tions all clays were assumed to contain a pro¬ 
portion of “ clay substance,” the composition 
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of which approximated to that of china clay 
t.e. that given by the formula 

AlgOa^SiOa^HgO. 

J, W. Mellor (Trans. Ceram. 8oc. 1917, 16, 
73) showed that a crystalline mineral—kaolinite 
—with the above formula could be isolated from 
china clay. He used the term “ clayite ” for 
the 8upy)osed non-crystalline “ clay substance,” 
which formed by far the greater joroportion of 
clays he investigated. More recently C. S. 
Ross and R. F. Kerr (U.8. Geol. Survey, Prof. 
Paper 16r)E, 1931) concluded that the crystalline 
fraction of kaolin comprises at least tlu'ce dis¬ 
tinct minerals, kaolinite, nat'rite, and dickitc, 
all with the formula Al 203 * 2 Si 02 ' 2 H 20 —thus 
explaining the anomalous results obtained by 
previous workers. They also emphasised the 
presence of the non-crystalline fraction. It is 
accepted in these days that other hydrated 
aluminium silicates may be present in clays. 
These include halloysite (Al 203 - 2 Si 02 ‘ 4 H 20 ), 
allophane (Al 203 -SiOo-^?H 20 ), montmorillon- 
ite (Al 203 * 4 Si 02 H 20 +aHo 0 ), bcidellite 
(AlgOg ^SiOo HaO f xHgO), pyrophyllite 
(Al203-4Si0;H;0). It is interesting to note 
that there is a complete isomorphous series 
ranging from bcidellite to nontronito 

(FegOg-SSiOgwHgO), 

the latter being often found in clays. Further, 
the X-ray spectra of montmorillonite, bcidellite, 
and p\Toy)hjdlito are practically identical. 
Montmorillonite and beidcllite have been 
recognised as important constituents of the 
bentonites whidi are highly colloidal substances 
derived from the weathering of certain volcanic 
ashes (E. 8. Larsen and E. T. Wherry, J. 
Washington Acad. Sci. 192r), 15, 465). Recent 
investigations using X-ray methods have 
further indicated the crystalline nature of moat 
of the hydrated aluminium silicates associated 
with clay—particularly kaolinite, halloysite, 
bcidellite, and montmorillonite. 

R. E. Grim and R. H. Bray (J. Araer. Ceram. 
Soc. 1936,19, 307) have investigated the mineral 
constitution of thirteen ceramic clays of widely 
different properties. They paid particular 
attention to the colloid portion, which was in 
turn subdivided into ( —1-f O-l/x), (—0-1-f 0-06/x), 
and (—O'OOp,) fractions. A centrifuge technique 
(R. H. Bray, R. E. Grim and R ¥. Kerr, 
BuU. Geol. 8oc. Amer. 1935, 46, 1909) has 
been devised for this purpose. The different 
minerals w^ere identified by optical study with 
the petrographic microscope and chemical 
analysis of the bulk sample and all fractions. 
X-ray diffraction photographs were also 
obtained on the colloidal fractions. The non¬ 
clay minerals such as quartz, mica, and glaucon¬ 
ite were usually found mainly in the non-colloid 
portion. The clay minerals listed above con¬ 
stituted the colloid fractions, and generally 
one or two only w ere dommant for each type of 
clay studied. Somewhat similar results have 
been reported by C. W. Correns (Naturwiss. 
1936, 24, 117). It is interesting to record the 
fundamentally crystalline character of practi¬ 
cally all the inorganic clay constituents of 
colloidal dimensions which these workers 


examined. One mineral occurring in the colloid 
fraction in most of the clays examined has not 
been idenf ified so far. It is described as “ sericite- 
like ” and is apparently the same as that named 
“ glimmerton ” (mica clay) by K. Endell, 
U. Hofmann and E. Maegdefrau (Zement, 1935, 
24, 625). Grim and Bray have tentatively 
assigned to it the formula 

2K20-3M0-8R208-24Si02*12H20 

while Endell and co-workers state that it 
I loses water continuously on heating between 
200° and 600°C. Reviewing the evidence which 
they have collected. Grim and Bray have 
concluded that kaolinite, beidcllite, montmoril¬ 
lonite, the scricite-Iike mineral, anti halloysite 
are the most important clay minerals. According 
to them, many clays and shales do not appear 
to contain kaolinite at all. 

Different ceramic properties are necessarily 
associated with the presen(‘o of these minerals 
in natural clays, but the effects are difficult to 
evaluate because of the influence of particle- 
si/.c as well as the specific attributes of each 
mineral. In a roughly qualitative manner 
certain influences have btjen assigned. Thus, 
drying shrinkage and bonding strength increase 
with the content of beidcllite. A characteristic 
I of this mineral is its high base-exchange 
capacity ; hence clays in which it is present 
in quantity wdll be highly sensitive to additions 
of electrolytes. Since alkalis and iron are 
commonly present in bcidellite, clays containing 
appreciable quantities arc apt not to be re¬ 
fractory, and there is a tendency towards red 
firing colours. Montmorillonite exerts an action 
similar to, but more pronounced than, bcidellite. 
This can be appreciated when it is stated that 
montmorillonite is the essential qonstituent of 
most bentonites. Kaolinite under comparable 
conditions confers less bonding power and 
induces less shrinkage than does beidellito. It 
contains no constitutional alkalis, has few 
adsorbed basic ions, and its aluminium is not 
isoraorphoiisly replaced by iron. Thus, it is 
generally refractory and white burning. Both 
china clay and ball clay are kaolinitic clays ; 
the high bonding power of the latter results 
from high subdivision of the particles coupled 
with the presence of organic material and some 
bcidellite. The sericite-liko mineral, often a 
dominant constituent of shales, under similar 
conditions of fineness tends to yield lower 
values for the unfired properties than kaolinite. 
As it contains potash and its aluminium is 
probably replaceable by iron, it is not refractory 
! and is often red-burning. 

The Action op Heat on Clays. —The effect 
of heat on clays was early examined by H. L. Le 
Chatelier (Z. physikal. Chem. 1887, 1, 396). He 
observed a retardation in the heating curve of 
crystalline kaohnite at about 650°C. and an 
acceleration in the rate of rise of temperature at 
about 1,0(X)°C. J. W. Mellor (Trans. (3eram. Soc. 
1910, 9, 94; 1911, 10, 161; 1914, 13, 83) made 
similar observations. Thus when “ clay sub¬ 
stance ” is heated, an endothermal reaction 
occurs in the neighbourhood of 600°C., and an 
exothermal reaction between 900° and 1,000°C. 
Table 2 gives the thermal data for these re- 
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actions obtained by W. M. Cohn (J. Amer. 
Ceram. Soc. 1924, 7, 359, 474, 548; Bor. dent. 
Keram. Ges. 1923, 4, 55) ; A. E. MaoGee (J. 
Amer. Ceram. Soc. 1926, 9, 206); H. E. Simpson 
(J. Amer. Ceram. Soc. 1927, 10, 897). 


Table 2. 


Substance. 

Heat ab- 
Rorption 
on J g. 
(500"0.). 

Heat 
evolution 
on J g. 
(950X’.). 

Authority. 

China clay 

93 cals. 

16 cals. 

W. M. Cohn 

Georgia kaolin 

127 „ 

23 „ 

A. E. MacGec 

Zettlitz kaolin 

92 „ 

16 „ 

W. M. Cohn 

Halle clay 

93 „ 

11 

W. M. Cohn 

Fireclays 

82 „ 

18 „ 

H. E. Simpson 


Quantitative values for tlio above rca(4ions 
have also been obtained by L. Navias (J. Amer. 
Cerarn. Soe. 1923, 6, 1268). In addition to the 
above thermal reaetions S. Satoh (Sci. Rei>. 
T6hoku, 1923, (3), 1, 157) eoneluded from a 
study of his heating eurves that a v(‘ry weak 
exothermic reaction takes place between 1,170° 
and 1,220°C. 

Tlie endothermic reaction observed with many 
clays in the region of 500°C, is associated with 
the evolution of the combin(‘d water or w^ater of 
constitution. Varying results for the dehydra¬ 
tion temperature of clays have been obtained, 
owing probably to the intluenec of the rate of 
heating. Thus, H. S. Houldsworth and J. W. 
Cobb (Trans. Ceram. Soc. 1923, 22, 111) found 
that kaolin lost a small proportion of combined 
water on heating to 400"C. in about 7 days, 
but the main loss occurred bctw'een 420° 
and 450°C\ It has been further indicated by 
B. llieke (Sprechsaal, 1911, 44, 637) that kaolin 
is not completely dehydrated at 60()‘'(\ C. S. 
Ross and P. E. Kerr (U.S. Gcol. Surve 3 % Prof. 
Paper, 165E, 1930) have indicated that pure 
kaolinite loses the largest part of its total com¬ 
bined water at about 450°C., dickitc at about 
575°C., and luicrite at about 650°C. Some clay 
minerals such as montmorillonite lose a con¬ 
siderable amount of their water at tempera¬ 
tures of 140°C. This water is probably different 
in nature from the w^ater of constitution of 
kaolinite. Rehydration below 400°C. is con¬ 
sidered to be due to the presence of colloidal 
constituents such as colloidal silica, colloidal 
alumina, or “ allophanoid ” substances. Ross 
and Kerr have suggested that the water removed 
on heating the beidellito and montmorillonite 
minerals is composed of “ zeolitic ” water, water 
of constitution, and adsorbed water. The chemi¬ 
cal change which proceeds at about 500°C. 
also influences the combination of the alumina, 
rendering this constituent soluble in hydro¬ 
chloric acid. J. W. MeUor and A. D. Holdcroft 
(Trans. Ceram. Soc. 1910, 9, 94) consider 
that these observations are best explained by 
assuming the complete breakdown of the clay 
molecule into free silica, free alumina, and water. 
This view is supported by G. Tammann and 
W. Pape (Z. anorg. Chem. 1923, 127, 43). 
Other views which have been suggested 


assume that the water of combination is set 
free, leaving Al 203 ' 2 Si 02 —leverrierite (W. 
Vernadski, Trans. Ceram. Soc. 1923, 22, 398; 
and F. W. Clarke, Bull. U.S. Geol. Survey, 1895, 
125, 32)—or that an aluminium silicate of the 
type AlgOg-SiOg, together with free silica, is 
formed (J. Samoilov, Trans. Ceram. Soc. 1924, 
23, 338); wdiilst J. M. Knote (Trans. Amer. 
Ceram. Soc. 1910, 12, 350) suggested th(', forma¬ 
tion of two compounds, Al 203 ‘Si 02 and 
Al203‘3Si02» 

In the neighbourhood of 850° the alumina 
becomes much less soluble in hydrochloric acid. 
The chemical change ocrairring between 850° 
and 1,060° has been attributed by J. W. Mellor 
to the polymerisation and crystallisation of the 
free alumina. Numerous observations on the 
formation of a cr\\stallinc alumino-silicate in 
clay bodies at high tem])eratur(‘s h;ivo been 
made. J. W. Mellor and A. Scott (Trans. 
Ceram. Soc. 1924, 23, 327), on firing mixtures 
of kaolin and alumina between 1,200° and 1,700°, 
and afterwards treating the material so formed 
w'ith hydrofluoric a(*id, obtained an insoluble 
residue af)])roximating to the composition of 
sillimanite (AlgOg-SiOg) after the treatment 
at the low^er temperatures, and juullite 

(3Al203-2Si02) 

after the treatment at the higher tcm]:>eratures. 

Idle more recent v/ork (ui the X-ray spectra 
of kaolin after heating to various temperatures 
has k‘d to different conclusions. J. W. Mellor, 
W. Bragg and G. Shearer (Trans. Ceram. Soc. 

1924, 23, 314) stale that wdien kaolinite is heated 
at about 550° tlui (‘rystal pattern of kaolinite 
disappears and is not replaced by any new 
pattern, and thus the products of decomposition 
are devoid of crystalline structunj. The results 
obtained by J. F. llyslop (Trans. Ceram. Soc. 

1925, 24, 402) are somew'hat different. The 
pattern obtained from china clay heated at 450° 
for 5 hours showed no markinl change in the 
position of the kaolinite lines as obtained 
with the raw clay, but showed a decrease in 
iriten.sity. After heating to 550°C., a faint 
pattern unlike that of alumina or any of the 
silica modifications appeared, becoming more 
definite at 600° and persisting at 850°C. This 
pattern was (jonsidered to bo due to a compound 
of the formula Al 203 - 2 Si 02 . After heating to 
950°C., the pattern disappeared and was re¬ 
placed by that of mullite ( 3 Al 203 * 2 Si 02 ), 
which became more intense after heating to 
l,050°C. With clays containing quartz, heating 
at the higher temperature caused the trans¬ 
formation of some of the quartz to cristobalite. 
J. F. Hyslop and H. P. Rookshy (Trans. Ceram. 
Soc. 1928, 27, 93, 299) in a later investigation 
confirmed the above observations and in 
addition noted the appearance of a pattern, 
associated with crystalline alumina, after heating 
to 870°C. This phase disappeared after heating 
to 1,06()°C. Many other investigations have 
indicated the appearance of mullite in clays fired 
to 1,050°C. or over. In most cases the presence 
of either cristobalite or tridymite—crystalline 
modifications of silica—has also been observed, 
some of which, after heating to very high 
temperatures, appears to pass into solution. 
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As already stated, most clays—other than 
china clay—used in the manufacture of refrac¬ 
tory materials, building bricks, and other 
ceramic j)roduct8 arc impure; in fact, some so- 
called clays (ioutain less than 40% of “ clay 
substance.” This variation in the constitution 
of clays has its influence on the firing operation, 
the principle of which is to produce from a 
satisfactorily manufactured and dried clay shape 
a finished product possessing strength, shape, 
and such general or particular properties as fit 
it for its subsequent duties. Since hardly any 
two clays are the same in their behaviour 
towards firing, it must seem that the firing 
operation is not capable of much standardisa¬ 
tion. Nevertheless, in considering the industrial 
firing operation, three definite periods of import¬ 
ance stand out. These are (1) the water¬ 
smoking period, ranging in normal firing from 
ordinary temperatures to about 250*^0. ; (2) the 
oxidation period, ranging from 500“ to 850“C.; 
(3) the vitrification range from 800“ to the 
finishing temperature {v. A. T. Green, Trans. 
Ceram. JSoc. 1927, 26, 110). The water-smoking 
period is concerned with the expulsion of the 
water from the setting of the dried goods in the 
kiln, for, even after drying, the w'are may 
contain up to 5% of water. In a kiln, full of 
heavy clay ware weighing 100 tons, this means I 
that up to 5 tons of water may require to be I 
eliminated. The inadequate appreciation of the 
control of this stage of the firing may not only 
set up severe strains and ultimate weakness in 
the final i)roduct but may also cause the control 
of the subsequent heat work to be seriously 
impaired. Q'ho oxidation period is mainly 
concerned with the elimination of carbonaceous 
matter, the oxidation of iron compounds, the 
breakdown of carbonates, sulphides, and other 
compounds, together with the decomposition of 
the clay molecule with the evolution of the water 
of constitution. During this stage many pro¬ 
perties are determined. In the firing of bricks 
made from fireclay, carbonaceous matter 
and the iron compounds may either individually 
or together form “ black cores ” or “ dis¬ 
coloured centres.” The nature of the iron 
oxide which forms during firing depends upon 
the amount of oxygen available, the steam in the 
atmosphere and the rate of rise of temperature. 
In a limited supply of oxygen or in an excess of 
steam, ferrous compounds will be formed or 
maintained, while under strongly oxidising 
conditions, during the oxidation period, ferric 
compounds will be formed. The formation of 
“ black cores ” is often due to a deficiency of air 
during this stage, so that the carbonaceous 
matter of the clay is incompletely oxidised, 
and the iron remains in the ferrous condition 
forming a fusible ferrous silicate, which causes 
an early vitrification in the interior of the pro¬ 
duct. It is obvious, therefore, that the rate of 
rise of temperature during this period must be 
most carefully controlled and that the steam 
formed owing to the decomposition of the clay 
must be quickly eliminated, the kiln atmosphere 
thus having to be carefully regulated. 

J. W. Mellor (Trans. Ceram. Soc. 1933, 82, 
403) has brought forward an explanation of 
certain colour effects due to iron oxide in buff- 


coloured fireclay bricks. It is based on the 
dissociation of the clay at 500“-600“C. into free 
silica and alumina and the disposition of the 
alumina to enter into sobd solution with 
ferric oxide, and thereby produce a paler buff 
colour, at the same time conferring greater 
stability on the ferric oxide. The alumina, which, 
for any cause, may not have taken up the iron 
into solution {e.g. the iron being present as 
FeO or Fe 304 owing to reducing conditions), 
is less liable to do so at temperatures over 
800“C. On this basis a rational explanation of 
bricks with red cores and buff' exteriors, and 
with buff cores and red exteriors, has been 
given. 

The final period of firing is that associated 
with the vitrification of the product. Vitrifica¬ 
tion may be defined as the progressive partial 
fusion of the various mineral constituents of a 
clay, chiefly including the felspathic, micaceous, 
calcareous, and ferruginous substances, which is 
governed by, amongst other factors, the (;om- 
position of the body as a whole, the size of the 
grain, and the dcvsircd texture of the ware. In 
fact, the object of the heat work during this 
period is the production of a suitable amount 
of vitrified or glassy material, which will 
surround the remjiining i)artieles and fill the 
insterstices to an extent dependent on the 
I^roperties desired in the finished product. 
Naturally, then, vitrification, which is the 
partial fusion of certain of the constituents 
of the clay resulting in the coherence of the 
mass, depends on both chemical and physical 
factors, l^hysically, the grain size lias a very 
considerable influence, for the greater the 
surface per unit area, the greater the inter¬ 
action taking place. Chemically, the nature 
and amount of the fluxes present in the clay 
determine the rate and extent of the reactions 
possible. With fireclays the rate of vitrification 
is slow up to temperatures in the neighbourhood 
of 1,200“0. Many clays used in the manufacture 
of building bricks such as Oxford clays or Triassic 
clays show rapid vitrification at temperatures 
ranging from 900“ to 1020°C. The range of 
temperature during which the actions involved 
in vitrification take place to any appreciable 
extent varies very considerably. With calcareous 
and highly micaceous clays this range is very 
small, being of the order of 60“, but with 
good fireclays the range during which appreciable 
effects are evident is often from 1,280“ to 1,400°C. 
Here, then, is the crux of successful heat work, 
for it is essential to produce such an amount of 
vitrified matter which gives strength with resili¬ 
ence without affecting the shape of the product. 
Thus, J. W. Mellor has pointed out that the 
chemistry of the firing of clay wares is the 
chemistry of arrested reactions. 

The measurement of (1) the change in porosity 
and (2) the linear contraction of a clay when 
fired to different temperatures can give guiding 
information concerning its behaviour during 
the vitrification. Contraction data are very 
useful in the manufacture of clay products 
which must be made reasonably true to size and 
shape. F. R. Ennos and A. Scott (Mem. 
Geol. Survey, Fireclays, 1925, 28, 3) have given 
the porosity-temperature curves of many 
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days. They divided days into a number of 
groups depending on the rate of decrease of 
porosity with temperature. Such a classifica¬ 
tion gives some indication of the maturing 
conditions necessary to produce a satisfactory 
product. In certain instances the clays show a 
steady decrease in porosity with temperature of 
firing, pointing to a prolonged vitrification, 
whereas with others there is obviously a 
temperature at which the clay starts to vitrify 
with great rapidity. 

It has already been indicated that siliceous 
fireclays contain free quartz varying in grain 
size from sub-microscopic particles to grains of 
appreciable magnitude. After firing, much of 
this quartz may remain as such embedded in 
the matrix or supporting structure of the fired 
body, depending on the duration of the fire, 
the size of the grain, and the nature of the 
matrix, some of the quartz may be transformed 
into cristobalite. It docs not follow, however, 
that a high silica content in the original clay 
will produce high quartz or cristobalite content 
in the fired product. Tlu^ (juartz, at least some 
of it, may go into solution in the viscous flux 
during vitrification and remain in this state 
after cooling. When silica is thus dissolved, the 
characteristic reversible expansions associated 
with the presence of (piartz or cristobalite 
disappear. 

The Px.ASTTCiTv of Clays ; iSuspensions.— 
The plasticity of clay may be defined as that 
property which enables it to change its shape 
under the action of a deforming stress without 
craciking and without any tendency to resume its 
original form on the removal of the stress. 
In certain theories plasticity has been attri¬ 
buted to (1) the size and shape of the particles; 
(2) the physical properties of the water film 
surrounding the clay particles; anti (3) the 
colloidal contents of the clay. Clays differ 
widely in plasticity, but in general such clays 
as ball clays and bentonites possess the greatest 
plasticity. Certain fireclays, in their natural 
condition, are shaly, and require fine grinding 
with water to develop plasticity. Some clays, 
e.g. certain aluminous fireclays and china clays, 
show little plasticity, these being technically 
described as “ lean ” or “ short ” as opposed to 
ball clays which are termed “ fat.” The 
amount of water required to produce maximum 
workability varies widely with the clay, “ short ” 
clays, in general, requiring less water than 
“ fat ” clays. J. W. Mcllor (Trans. Coram. 
Soc. 1922, 21, 95) has shown that the water 
content required to produce maximum work¬ 
ability decreases with the pressure applied to 
the clay in working. In the plastic, stiff- 
plastic, and semi-dry processes of manufacture 
this fact is utilised. A clay which requires, say, 
26% of water for the plastic method may be 
successfully moulded under high pressure (200 
kg. per sq. cm.) with a water content of, say, 6%. 
Although no satisfactory method of obtaining 
an absolute measure of plasticity exists, many 
empirical tests have been used. In works 
practice, plasticity is usually gauged by “ feel,” 
a manual treatment of pulling, bending, twist¬ 
ing and wedging being used. Laboratory tests 
include the Vicat needle test (v. Vol. II, p. 144a), 


the measurement of the flow of clays through dies 
and tubes, and the measurement of the effects 
of tension and compression on clays containing 
controlled amounts of water. A highly plastic 
clay has, in many cases, a high tensile strength 
in the dried state. This fact is sometimes used 
as the basis of an indication of plasticity. 
E. C. Bingham (“ Fluidity and Plasticity,” 
New York, 1922) has developed a formula for 
the plastic behaviour of solids in which the 
plastic flow is related to the applied stress, 
yield value and the viscosity coefficient. T. W. 
Talwalkar and C. W. l^armeiee (J. Arner. Ceram. 
Soc. 1927, 10, 670) have studied the stress-strain 
relation of clays by means of the torsion testing 
of cylinders of clay and have found the Bingham 
equation satisfactory. In these investigations 
important technical characteristics of different 
clays have been indicated. E. O. Wilson 
(J. Amer. Ceram. Soc. 1936, 19, 115) has also 
investigated plasticity by means of a torsion 
machine giving stress-strain relationships. The 
results indicate that plasticity is duo to the 
presence of stable viscous water films held on 
the surface of the particles ; these in turn 
depend on the shape and surface activity of the 
particles. Clays show the highest plasticity 
because in addition to a plate-like structure 
they have a high surface activity. The older 
plate-structure and the colloid theories are 
thus blended. R. E. Wilson and F. P. Hall 
(J. Amer. Ceram. Soc. 1922, 5, 916), G. W. 
Scott Blair and Fk M. Crowther (J. Phys. Chem. 
1929, 33, 321), G. W. Scott Blair (J. Rheology, 
19,30, 1, 127; Trans, (^eram. Soe. 1931,30, 138) 
have reported valuable investigations which 
have a bearing on the. fundamental conception 
of the plasticity of clays. 

I The workability of a wet clay may be increased 
by storing in a cool, damp place for a period of 
time. This process, known as “ souring,” 
gives a more even distribution of water through¬ 
out the mass and makes the clay tougher. 
Souring may be hastened by the addition of 
small quantities of certain organic substances, 
such as gums, tannin and humus, which favour 
the growth of eertain bacteria. 1). P, Giick 
(J. Amer. Ceram. Soc. 1936, 19, 169) has 
studied the micro-organisms present in six 
types of clay. By comparing the properties of 
raw, aged and sterile clays he has shown that 
the presence of living organisms are contributory 
factors to the agoing of clays. Traces of some 
salts affect plasticity considerably, a small 
quantity of acid increasing the workability and 
strength, whereas the adclition of alkali has an 
opposite effect. The plasticity and drying 
shrinkage may be decreased by the addition of 
non-plastic material, such as sand or fired clay 
material (grog), and by suitable blending of 
different substances bodies of varying degrees 
can be obtained. 

Elutriation determinations show that 68- 
98% by weight of ball clays consists of particles 
smaller than 0*010 mm. diameter. H. G. 
Schurocht (J. Amer. Coram. Soc. 1920, 3, 355) 
found that an English ball clay contained 81% 
by weight of particles of size less than 0*0005 mm., 
whilst some English china clays contained only 
6% of such particles. J. J. T. Schlcosing (Compt. 
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rend. 1874, 79, 376, 473) succeeded in removing 
1*4% of material of a colloidal nature from a 
certain clay, whilst J. W. Mellor (Trans. Ceram. 
Soc. 1922, 21, 95) removed only 0*5% from 
another. In general, clays in suspension have an 
acid reaction, the range*- according to F. P. 
Hall (J. Ainer. Ceram. Soc. 1923, 6, 901) being 
3-10“7-37. Methods for the more accurate 
measurement of the particle size of clays have 
been put forward by A. H. M. Andrea sen 
(Ber. deut. Keram. Ges. 1930, 11, 249, 675). 
K. T. Knapp (Iiid. Eng. Chem. 1934, 6, 66), 
C. R. Amberg (J. Amer. Ceram. 8oe. 1936, 19, 
207). The particles in a clay slip arc negatively 
charged and can bo deposited on an anode 
immersed in the clay slip. On sus])ending a 
clay in distilled water, the coarse particles 
settle out rapidly and the ('lay matter remains 
suspended for a length of time, the suspensiem 
containing particles smaller than M micron. 
This suspension is tyj)ica]ly (*olloidal, and 
exhibits the Brovnian movement, Tyndall 
effect, and eataphoresis. Additions of small 
quantities of acid to a clay slip cause flocculation; 
the acidity at which maximum flocculathm 
occurs varies wdth difl'creiit clays, a<‘cording to 
Hall, from a of 2*7 to 4*0. At this point the 
negative charge on the clay has been neutralised. 
Small additions of alkalis to a clay slip deflocem- 
late the clay, tlie particles remaining suspended 
for a longer time, and the viscosity of the 
slip being reduced. If alkali be added in excess 
the viscosity is increased and the clay becomes 
flocculated. Thus, a casting slip, which 
ordinarily would be too thick to pour, can be 
successfully cast by the addition of controlled 
quantities of sodium silicate and sodium 
carbonate. Protective colloids such as gelatin 
and gum arabic, when added to a clay slip, may 
retard flocculation. Clays show selective ad¬ 
sorption ; R. F. Gcllcr and D. R. Caldwell 
(J. Amer. Ceram. Soc. 1921, 4, 468) found that 
kaolins could adsorb sodium hydroxide to the 
extent of 1*25% on the dry weight of clay. 
Clays adsorb the basic ions of common salts, 
such as barium chloride and copper sulphate, 
in prefi'ience to the acid ions, whilst larger 
molecules of organic dyes, e.g, methylene blue, 
are also adsorbed. The mechanism of the 
reaction of clays slips to electrolytes has been 
discussed by G. I. Whitlatch (J. Amer. Ceram. 
Soc. 1931, 14, 154), F. L, Clark (Trans. Ceram. 
Soc. 1933, 32, 1), 1). L. Peck and I). A. McLean 
(Ind. Eng. Chem, 1934,6, 85) and Z. W, Wolkowa 
(Kolloid.-Z. 1934, 67, 280). 

The Drying of Clay. —The shrinkage of 
clay during drying from the plastic state 
takes plat^e in two principal stages. During 
the first the change in volume is equal to the 
volume of water lost; at a certain moisture 
content the clay becomes W'hat is technically 
known as “ leather hard,” and at this point 
the clay particles are in contact and shrinkage 
practically ceases. During the second stage, 
from ” leather hard ” to dry, there is a small 
residual shrinkage attributed to loss of colloidal 
water and to closer packing of the clay grains. 
The transition from the first to the second stage 
is not sudden, there being an intermediate stage, 
which varies considerably with different clays. 


Throughout the first stage, the rate of drying 
of a clay under constant conditions of tempera¬ 
ture humidity is constant for unit area of sur¬ 
face, for during this stage there is a com¬ 
paratively free flow of water to the surface. 
When the ” leather-hard ” stage is reached the 
free flow of the w ater to the surface is prevented, 
wdth a consequent falling off in the rate of 
drying. 'Ike shrinkage of the surface of a block 
of clay relative to the interior causes tensional 
strains to bo set up in this superficial material. 
If drying is too rapid these strains become great 
enough to cause rupture and cracking, ("are 
has to be taken that the greatest safe rate of 
drying is not exceeded. This safe rate depends 
on the texture of the clay or clay-ware. 

One of the commonest methods of drying 
clay products in industry is by means of the hot 
floor. In this method the moulded articles are 
placed directly on the heated floor of a large 
shed. Tlie chamber dryer consists of an en¬ 
closed space with means for heating and 
ventilating. In the tunnel dryer the goods are 
carried, and dried by steam pipes, hot gases, or 
other means. All types of commercial dryers are 
subject to very wide variations in design to meet 
the requirements of different branches of the 
clay industry. H. H. Macey (Trans. Ceram. 
8oc, 1934, 33, 92), T. K. 8herw^ood and E. W. 
C^ominge (Ind. Eng. Chem. 1933, 25, 1, 118, 
134) and F. H. Norton (J. Amer. Oram. Soc. 
1933, 16, 86) have made useful contributions to 
the study of the drying of clays. 

Analysis of Clays. — (Jeneral, —The con¬ 
stituents determined in a normal clay analysis 
are silica, the oxide^s of aluminium, iron, 
titanium, calcium, magnesium and the alkali 
(sodium and potassium) oxides, together with the 
loss on ignition. 

Many other constit/uents, c.g. the oxides of 
manganese and barium, sulphuric and phos¬ 
phoric anhydrides, carbon dioxide and carbon, 
may have to be determined in special cases. 
The last two are included under the loss on 
ignition in a typical analysis. The limits of 
permissible error arc usually taken to be 
iL0*5%, though different analysts w'^ork to 
different limits. If the analysis falls sensibly 
below 99 5% a qualitative examination must be 
made to identify the constituents whic'h have 
escaped determination in the normal course of 
the quantitative work. 

Sampling. —It is imperative to sample care¬ 
fully the finely ground materia), otherwise 
the analysis will not be a representative one 
and consequently of little value. 

Determination of the Hygroscopic Moisture .— 
About 5 g. of the finely-ground material are 
dried in an air-bath or toluene oven at 105° to 
110°C. until there is no further loss in weight 
(about 3 to 4 hours is generally sufficient). 
It is not usual to determine the hygroscopic 
moisture as normally the analysis is made on the 
dried sample. 

Determination of the Loss on Ignition. —1 g. of 
the dry material is heated in a platinum crucible 
for 16 minutes over a small flame, then for 30 
minutes over a good Meker burner, with the 
lid on for the last 10 minutes. The crucible 
and contents are cooled in a desiccator, weighed, 
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again heated for 10 minutes over the Meker 
burner and the weight again checked after 
cooling. 

Low results are usually due to the incomplete 
combustion of carbonaceous matter, whereas 
losses by spurting, produced by too rapid 
ignition (especially if carbonates be present), 
generally account for high results. 

Determination of the Silica .—The ignited 
material in the platinum crucible is intimately 
mixed with 10 to 15 g. of anhydrous sodium 
carbonate. (Some analysts pnder to weigh out a 
fresh gram of the dry un-ignited material.) 
The lid is placed on the crucible and the mixture 
gently heated over a Meker burner and finally 
fused at a bright red heat until the contents 
are in a state of quiet fusion, usually 15 to 30 
minutes arc required. The crucible is allowed to 
cool on a clean unglazed tile ; it is then half-filhid 
with water and carefully heated over the tip of a 
small flame whereby the cake can usually be 
detached en bloc from the crucible. The cake 
and washings from the crucible are placed in a 
dry 250 c.c. basin, glazed on the inside only ; 
after adding about 100 c.c. of water the basin is 
covered with a clock glass and 25 to 30 c.c. of 
concentrated hydrochloric acid are added from 
a pipette through the lip of the basin. When the 
first violent reaction is over the basin is warmed 
on a water bath until all action has ceased and 
the cake has disintegrated. Any drops on the 
underside of the clock glass are rinsed into the 
basin ; the platinum crucible and lid are 
washed with hydrochloric acid and hot water and 
the washings also poured into the basin. The 
cake is now crushed to powder with a small agate 
pestle and the solution evaporated to dryness 
on a water bath until the smell of hydrogen 
chloride is no longer perceptible. When crystal¬ 
lisation has started the semi-solid mass must bo 
repeatedly broken up with the end of a glass 
rod. The basin and contents are now baked 
in an air oven at 120°C. for 1 hour. The mass is 
moistened with concentrated hydrochloric acid 
and 75 c.c. of hot water added. After a few 
minutes’ digestion the liquid is filtered and the 
residue washed with hot water until free from 
chlorides. The filtrate is returned to the basin, 
again evaporated to dryness, baked, digested 
wdth hydrochloric acid and hot water and filtered 
as in the first instance. The wet filter papers are 
transferred to a weighed platinum crucible and 
carefully dried and charred without ignition 
over a burner with a mushroom head. The 
carbon is then burnt off slowly over a Bunsen 
burner and the crucible and contents finally 
ignited for 30 minutes over a M6ker burner, 
with the lid in position for the last 10 minutes. 

The crucible is weighed and the result entered 
as “ weight of crucible plus silica and residue.” 
The silica contains traces of the oxides of alumi¬ 
nium, iron and titanium. Accordingly, it is 
treated with tw o or three c.c. of dilute sulphuric 
acid to prevent the subsequent volatilisation of 
titanic fluoride at red heat. About 15 c.c. of 
hydrofluoric acid are added, a few drops at a 
time, and, after placing the crucible eccentrically 
on a sand bath, the solution is slowly evaporated 
to dryness. When all the hydrofluoric acid has 
been expelled, the sulphuric acid can be rapidly 


and safely volatilised by heating the rim of the 
crucible, carefully, with the naked flame. 
The outside of the crucible is wiped free from 
sand ; the crucible is then ignited for 5 minutes 
and weighed when cool. The result is recorded 
as “ weight of crucible plus residue.” The 
difference between the tAvo weighings giv^cs the 
amount of silica in the sample. Subsequently 
the ammonia precipitate is ignited in this crucible 
along with the silica residue. 

Normally the weight of the silica residue does 
not exceed 10 mg. ; a residue much in excess of 
this figure usually indicates the presence of 
barium sulphate or of relatively large cjuantities 
of titanic oxide in the material under analysis. 
In such cases the silica residue is fused with a 
small quantity of potassium pyrosulphatc, the 
cake extracted and digested with dilute sul¬ 
phuric acid until completely disintegrated. 
The solution is filtered ; the residue, if any, 
washed free from suljdiates, ignited and 
w^eighed as barium sulphate, d’he filtrate from 
the barium sulphate is added to the main 
bulk of filtrate from the silica. 

The Ammonia. Precipitate .—The filtrate from 
the silica is heated to 80° to 90°C. and 2 to 3 g. 
of solid ammonium chloride are added to it, 
followed by a slight excess of concentrated 
ammonia, dro}) by droj) ; the solution is 
simultaneously stirred w^cll and then filtered, 
after standing for 5 minutes. Jf the clay con¬ 
tains manganese, which w ill be indicated by the 
green colour of the ('akc after fusion with sodium 
carbonate, 2 to 3 c.c. of bromine water are 
added to the solution before the two ammonia 
precipitations, otherwise the procedure is as 
described above. The precipitate is filtered and 
immediately washed four or five limes wdth hot 
Avatcr ; a hole is made in the apex of the 
filter paper and the precipitate w^ashod back 
into the beaker from which it has just been 
filtered.^ The filter paper is then washed free 
from chlorides and kept for ignition. The 
washings are collected in the beaker containing 
the precipitate. The precipitate is redissolved 
in a slight excess of concentrated hydrochloric 
acid ; the solution, after dilution, heated to 80° 
to 90°C. and again precipitated Ijy adding 
excess of ammonia, dro]) by drop with constant 
stirring. The liquid is filtered into the beaker 
containing the first filtrate and the precipitate 
washed repeatedly with small quantities of a hot 
alkaline solution of ammonium nitrate (2 to 3 g. 
per litre, made just alkaline Avith ammonia) 
until free from chlorides, but on no account 
must the ammonia precipitate be allowed to 
run dry. 

The filtrate is evaporated to about 75 c.c. 
and 2 to 3 c.c. of ammonia are added and the 
excess boiled off. The liquid is filtered and the 
precipitate washed free from cldorides with the 
ammonium nitrate solution. The filtrate is kept 
for the determination of lime and magnesia. 
The three filter papers used in the ammonia 
precipitation are transferred to the crucible 
containing the silica residue and the papers 

^ When the ammonia precipitate does not exceed 
5%, only a slight excess of ammonia Is added to the 
filtrate from the silica and the excess is boiled off. One 
precipitation only is necessary. 
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are slowly dried and charred over a mushroom 
burner. The temperature is then raised until 
all the carbon is burnt oif and the crucible 
finaUy heated, with the lid on, over a Meker 
burner until its weight is constant. 

After weighing, the ignited oxides are very 
slowly dissolved in the (Tindblo by fusion with 
6 to 8 g. of pure fused potassium pyrosulphate. 

The cake when cold is detached from the 
crucible and transferred to a porcelain basin and 
about 150 c.e. of water and 20 c.c. of concen¬ 
trated sulphuric acid are added to it ; the 
crucible is well rinsed out with hot water and the 
washings poured in the basin. The mixture is 
heated on a water bath until all is dissolved; 
the solution is then cooled and diluted to 250 c.c. 
in a graduated flask to give the stock solution for 
the determination of iron and titanium oxides. 

Determination of Ferric Oxide .—When the 
amount of ferric oxide docs not exceed about 
5%, a colorimetric process is used, while for 
larger amounts the determination is made by the 
ordinary permanganate process. The colour of 
the sample in the crucible after the determina¬ 
tion of the loss on ignition is a gootl criterion as 
to which process is the bt'f ter. For the colori¬ 
metric determination an aliquot portion of the 
stock solution, obtained from the pyrosulphate 
fusion, is diluted to 250 c.c. in a graduated 
flask to give the test solution. 25 c.c. are 
taken for a normal clay, or other materials, 
containing 1% or leas of ferric oxide. 5 c.c. 
of the standard iron solution ^ arc diluted to 
100 c.c. in a graduated flask and a portion of 
this solution is transferred to a burette reading 
to 0*1 c.c., while a similar burette is filled with 
distilled water. Two small test glasses, of pure 
white glass, are respectively filled with a mixture 
of (a) 10 c.c. of the potassium thiocyanate * 
solution with 10 c.c. of a bufl'er solution of 
potash alum ^ and (6) 10 c.c. of the potassium 
thiocyanate solution with 10 c.c. of the test 
solution. The diluted standard iron solution is 
added from the burette to the potash alum 
solution and an equivalent amount of distilled 
water from the other burette to mixture (6), 
stirring thoroughly after each addition, until 
the tints in the two test glasses are the same. 
The tints are viewed against a neutral back¬ 
ground by light transmitted through the sides of 
the glasses. 

If more than 6 to 8 c.c. of the diluted iron 
solution are needed, errors are likely to result 
owing to the difficulty in judging the equality 
of tint in concentrated solutions of ferric thio¬ 
cyanate. A weaker test solution must, therefore, 
be made by diluting 10 or 5 c.c. of the stock 
solution to 250 c.c. 

^Standard Iron Solution. —Dissolve 0*6040 g. of 
pure ammonium ferric alum in water, add 5 c.c. of 
concentrated sulphuric acid, and dilute the solution to a 
litre in a graduated flask. 1 c.c.^^O OOOi g. FcgO,. 

® Potassium Thiocyanate Solution. —97 g. (1 g. 
molecule) of the salt per litre. 

^ Potash Alum Solution, —h'05 g. of alumina, pre¬ 
pared by strongly igniting pure ammonium alum fn a 
platinum dish, is fused with 5 g. of potassium pyro¬ 
sulphate. The cold cake is extracted with water, 
10 c.c. of concentrated sulphiurlc acid arc added, and the 
solution is made up to 1 litre. This solution is used to 
counteract the effect of the aluminium sulphate in the 
test solution on the tint of the ferric thiocyanate. 


Calculation. —Using 1 g. of material and the 
above-mentioned dilutions, the percentage of 
FegOg is given by V /8, where V is the number of 
c.c. of diluted standard iron solution required to 
give a match in colour. If the 250 c.c. of test 
solution contains v c.c. of the stock solution, the 
percentage of is 25 V/S r. 

Determination of Titanic Oxide. —50 c.c. of the 
stock solution, obtained from the pyrosulphate 
fusion, are pipetted into a 100 c.c. graduated 
flask, 10 c.c. of 20 vols. hydrogen peroxide 
(free from fluorides) are added, and the mixture 
made up to the mark. 5 c.c. of standard 
titanium solution ^ and 10 c.c. of hydrogen 
peroxide are similarly diluted to 100 c.c. One 
of the test glasses used in the iron determination 
is about half filled with the solution to be tested. 
10 c.c. of diluted standard titanium solution are 
pipetted into the other glass and water added 
to it from a burette, with frequent stirring, 
until the tints of the two liquids, compared as 
indicated in the previous determination, matdi. 

Calculation. —If J g. of material be taken, with 
the dilutions given above, the percentage of 
TiOj is 25/(10+F), where V is the number of 
c.c. of water added to the 10 c.c. of diluted 
standard titanium solution to produce ecpiality 
of tint. When v c.c. of the stock solution are 
diluted to 100 c.c. the percentage is : 

1250/(10+ V)v. 

Determination of Alumina. —The weight of the 
ammonia precipitate less the weights of the 
ferric and titanic oxides and the filter ashes, 
used in the silica separation and the ammonia 
precipitations, gives the weight of alumina in 
the sample. 

Determination of AJanagnese Oxide. —The per¬ 
centage of manganous oxide, though rarely 
required in a clay analysis, (!an be estimated 
colorimetrically as follows. 

A suitable quantity—say 5 c.c.—of a standard 
manganese solution ^ is pipetted into a 100 c.c. 
graduated flask and to it is added 10 c.c. of a 
0*2% solution of silver nitrate and 1 g. of 
ammonium persulphate. The flask is heated 
on a water bath until a pink colour develops. 
By the time the contents of the flask have cooled 
to atmospheric temperature the colour, due to 
the permanganate produced in the oxidation, 
will have reached its maximum intensity. The 
solution is then diluted to 100 c.c. A brown 
precipitate on oxidation with the persulphate 
shows that insufficient silver nitrate has been 
used. In this case the solution is reduced by 
adding a few c.c. of sulphurous acid and re¬ 
oxidised, after the addition of another 10 c.c. 
of the silver nitrate solution. 

The stock solution, resulting from the pyro¬ 
sulphate fusion, generally contains traces of 

^ Standard Titanium Solution. —1 g. of pure titanic 
oxide is fused with 10 g. of potassium pyrosulphate. 
The cold cake is extracted with water and 20 c.c. of 
concentrated sulphuric acid are added. Tlie mixture 
is gently warmed on a water-bath until the cake has 
completely dissolved, when the solution is diluted to 
1 litre. 1 c.e. = 0 001 g. TIOo. 

* Standard Manganese Solution. —Dissolve 0*3145 g. 
of pure manganous sulphate, MnS 04 , 4 H 20 , in water, 
acidify the solution with a few c.c. of concentrated 
sulphuric acid, and dilute to 1 litre, 1 c.c. «= 0*0001 g. 
of MnO. 
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chlorides which interfere with the determination. 
Hence 50 c.c. of it are boiled and the chlorides 
precipitated by the addition of silver nitrate. 
The solution is filtered and the precipitate 
washed, the filtrate and washings being collected 
in a 100 c.c. graduated flask. 

10 c.c. of 0*2% silver nitrate and 1 g. of 
ammonium persulphate are added to the filtrate 
and the mixture warmed, cooled and diluted to 
the mark, as in the preparation of the standard 
permanganate solution. The tints of the 
standard and tests solutions are then matched 
exactly as described under the colorimetric 
determination of titanic oxide. 

Calculation .—If the volume of water, taken 
to dilute the standard solution to the same depth 
of colour as the tost solution, be v c.c., then, with 
the dilutions given above, the percentage of 
manganous oxide in the clay is 2*r)/(10+?^). 

Determination of Lhne .—The filtrate from the 
ammonia precipitate is boiled for a few minutes 
with 1 to 3 g. of ammonium oxalate, and 5 to 10 
c.c. of concentrated ammonia are added. 
After stirring well, the mixture is warmed on 
a water bath for 2 hours. The liquid is 
filtered, the precipitate washed two or three 
times and the filtrate reserved for the magnesia 
determination. A hole is made in the apex of the 
filter paper, the precipitate washed into the 
beaker from which it has been filtered, and 
redissolvcd by running a few c.c. of nitric acid 
over the filter paper into the beaker containing 
the precipitate. The filter paper, after washing, 
is rejected. The solution is boiled, again 
precipitated and warmed for 2 hours as before, 
after which it is filtered and the precipitate 
washed free from chlorides. The filtrate is added 
to that from the first precipitation. The 
precipitate is slowly charred and then ignited 
in a platinum crucible and finally heated over a 
Meker burner for 15 minutes, with the lid on the 
crucible for the last 5 minutes. The crucible, 
when cool, is rapidly weighed, again ignited for 
5 minutes and the weight checked. 

The percentage of lime is calculated from the 
weight of the residue less the weiglit of filter 
ash. 

Determdnation of Magnesia .—The combined 
filtrate from the calcium oxalate precipitate is 
boiled with 1 to 2 g. of sodium ammonium phos¬ 
phate ; about 10 c.c. of concentrated ammonia 
are added and the solution is allow chI to stand in 
the cold for at least 3 hours. The mixture is 
then thoroughly stirred and filtered and the 
precipitate w^ashed once with cold water while 
the filtrate is rejected. A hole is made in the 
apex of the filter paper, the precipitate washed 
into the beaker from which it has just been 
filtered and the magnesium ammonium phos¬ 
phate dissolved in a few c.c. of nitric acid, in the 
way described under the determination of lime. 
The solution is again precipitated, exactly as 
indicated above. The cold solution, after 
standing, is vigorously stirred, filtered through 
an ignited and weighed Gooch crucible and 
washed with a cold 10% ammonia solution 
until a few c.c. of the washings give no pre¬ 
cipitate with a nitric acid solution of silver 
nitrate. The precipitate is dried, ignited, 
cooled, and weighed as magnesium pyro- 
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sulphate—the conversion factor to magnesium 
oxide being 0*3621. 

Estimation of Alkali Oxides. —0*5 g. of the 
very finely powdered dry substance is thoroughly 
ground up with about 0*5 g. of ammonium 
chloride and 3 g. of calcium carbonate in an 
agate mortar, and the mixture transfened to a 
platinum crucible. The mortar is “ rinsed out ” 
with another gram of calcium carbonate and 
the “ washings ” added to the mixture in the 
crucible. After well stirring the contents with a 
glass rod, the crucible is heated over a small 
Bunsen flame for about 15 minutes, during 
w'hich period the crucible is partly covered by 
the lid. When all the ammonium salts have 
volatilised the lid is placed in position and the 
low'er third of the crucible heated to dull redness 
for 1 hour, but the cake must not be fused. 
The crucible is cooled, the cake transferred to a 
porcelain basin and the crucible thoroughly 
rinsed out into the basin with hot distilled 
water. After a few minutes the cake is gently 
powdered in the basin with an agate pestle; 
the mass is then digested with about 80 c.c. of 
hot water for 30 minutes, filtered and the 
residue washed with hot water until the wash¬ 
ings occupy 120 to 150 c.c. The residue must 
be well washed, particularly if the amount of 
alkalis is large. The residue is rejected. 

The filtrate is heated to 80*^ to 90”C. and 10 (j.c. 
of ammonium carbonate solution ^ added to 
precipitate the lime. The liquid is filtered and 
the filtrate retained. A hole is made in the apex 
of the filter paper, the precii)itate washed through 
into the beaker from which it was filtered and 
redissolved in about 5 c.c. of hydrochloric acid. 
The solution is boiled, a slight excess of ammonia 
and ammonium carbonate added and the liquid 
filtered into the vessel containing the first 
filtrate, the residue being well washed. 

The combined filtrates are evaporated to 
dryness in a large platinum or silica dish. 
The dish is then covered with a clock glass and 
baked for an hour at 120”C. in an air oven. 
After removing the clock glass, the dish i« 
ignited at a dull red heat until all the ammonium 
salts have volatilised. The cold residue is 
moistenesd with about 3 c.c. of ammonium 
oxalate solution, in order to precipitate the 
last traces of lime, and allowed to stand for 
12 hours, after covering with a clock glass. 

The mixture is filtered into a small platinum 
dish and the residue washed with ammonium 
oxalate solution. The filtrate is evaporated 
to dryness on a water bath, but, as the liquid 
may spurt during the early stages of the 
evaporation, the dish is covered initially with 
a clock glass and any hquid adhering to the 
glass is subsequently washed back into the dish. 
When dry, the residue in the dish is ignited and, 
when cold, the contents are moistened with a 
few drops of concentrated hydrocjhloric acid, 
again evaporated to dryness, ignited at a low red 
heat, cooled and weighed. The residue is then 
washed out with hot water into a small porcelain 
basin and the platinum dish again ignited and 

^ Ammonium Carbonate Solution .—100 r. of pure, 
reeublimed ammonium carbonate are dissolved in 100 
c.c. of concentrated ammonia (sp.gr. 0*880) and the 
solution diluted to 600 c.c. with water. 
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weighed. The difference in weight gives the 
weight of alkali chlorides. 

Unless the reagents are definitely known to be 
free from alkalis, a blank determination of the 
alkalis as chlorides must be made on an equivalent 
weight of ammonium chloride and calcium 
carbonate. The amount found, if any, is 
deducted from the weight of mixed chlorides. 

If the silicate contains appreciable quantities 
of sulphur compounds, the alkalis will be 
obtained partly in the form of sulphates at this 
stage. In such cases, before the final pre¬ 
cipitation of the lime, the sulphates are con¬ 
verted to chlorides by the addition of a little 
barium chloride solution,followed by a few drops 
of ammonium carbonate solution to precipitate 
the excess of barium. 

A few drops of perchloric acid (sp.gr. 1-20) 
are added to the liquid in the porcelain basin, 
at the rate of 6 c.c. i)er g. of mixed chlorides, 
and the solution evaporated almost to dryness 
on a water bath in an atmosphere free from 
ammonia fumes. 10 c.c. of water are added 
and the solution again evaporated to dryness. 
The residue is at once treated with alcohol wash 
liquor ^ and immediately filtered through a 
weighed Gooch crucible which has been pre¬ 
viously heated to 120°C. for 1^ hours. The 
residue is washed with about 30 (‘.c. of the 
alcohol mixture and the crmable and contents 
dried for 1 hour at 120°C. and weighed. The 
weight of the precipitate represents potassium 
perchlorate which is calculated to potassium 
chloride and deducted from the weight of 
mixed chlorides to give the weight of sodium 
chloride. The equivalent amounts of the 
alkali oxides are then calculated. 

The conversion factors are: potassium 
perchlorate to potassium chloride, 0-5381; 
potassium chloride to potassium oxide, 0-6317; 
sodium chloride to sodium oxide, 0-5302. 

(This section on the analysis of clays has 
been written by Mr. H. V. Thompson, M.A.) 

Literature .—The reader should consult original 
papers in the Transactions of the Ceramic 
Society (England), the Journal of the American 
Ceramic Society, Berichte der deutschen 
Keramischen Gescllschaft, etc. Other works arc 
J. W. Mellor, “ Comprehensive Treatise of 
Inorganic and Theoretical Chemistry,” Jjondon, 
1935, vol. VI (The Silicates); H. Wilson, 
“ Ceramics,” New York, 1927 ; CoUected 
Writings of H. A. Seger, Easton, Pa., 1902. 

A. T. G. 

CLAY-IRON-STONE v. Chalybite. 

CLAYITE. A name suggested by J. W. 
Mellor in 1909 for the non-crystalline variety of 
kaolinite, H^AIgSigOg, of which china-clay 
and most other clays are largely composed. 
The same name had been earlier used by 
W. J. Taylor, in 1859, for an uncertain altera¬ 
tion product (of tetrahedrite ?) composed of 
sulphur, arsenic, antimony, lead, and copper. 

L. J. S. 

^ Alcohol Wash Liquor .—97 volumes of absolute 
alcohol, 3 volumes of water and 0-25 volumes of per- 
cliloric acid (sp.gr. 1-20). The solution should be 
kept in a stoppered glass bottle containing a few grams 
of finely powdered potassium perchlorate. The mix¬ 
ture is well shaken and filtered into a small dry wash- 
bottle immediately before use. 


CLEMATINE or BRILLIANT HELIO¬ 
TROPE 2R {v. Azxnes). 

CLEVEITE. A variety of uraninite, con¬ 
sisting of a uranate of uranyl, and oxides of lead 
and the rare earths. It occurs sparingly as 
small cubic crystals in pegmatite veins in the 
south of Norway; and is of interest as being 
the mineral in which terrestrial helium was first 
discovered, llillebrand (Amer. J. 8ci. 1890, [iiij, 
40, 384) found that on decomposing the mineral 
with sulphuric acid, “ nitrogen ” was evolved. 
Ramsay (J.C.JS. 1895, 67, 1107) proved that the 
gas evolved Avas not nitrogen but helium. 
Only half the helium is evolv(‘d by heat alone, 
and, moreover, in some cases the disengagement 
of the gas is accompanical by considerable 
evolution of heat (Proc. Roy. Soc. 1898, 64, 
140). See Brogoerite. 

L. J. S. 

CLEVE'S ACIDS. 1-Naphthylamine-6 
and 7-sulphonic acids. 

CLIFTON ITE Carbon, GRArniTE Vol. 
II, p. 31.5a. 

CLOVE. The drit'd flower buds of Eugenia 
aromatica (Linn.) Baill. (Earn. Myrtacea^), a 
native of Molucca, where it wais also formerly 
cultivated, but now grown chielly in Zanzibar 
and Pemba. The flow er buds arc wdiito at first, 
becoming green and finally red, at which stage 
they are ready for collection and must be 
gathered immediately, the time of the year at 
which the harvest occurs being from August to 
iJecember. The buds are air-dried and separated 
from their peduncles, whidi then form the clove 
stalks of commerce and these are used cither as 
a source of oil or to adulterate the buds. Cloves 
vary in length from 10-U mm. to 17-5 mm. ; the 
largest and plumpest come from Penang and 
Amboyna, though very few of these reacli the 
European market. The Zanzibar clove is 
brownish-black in colour, while that from 
Penang is reddish-brow-n, and the flower head 
of the Penang clove apptairs to be much more 
fully developed than that of the Zanzibar 
variety. The whole clove consists of a cylin¬ 
drical calyx tube with four sepals at the top 
to which the flower bud proper is attached. 
Cloves possess an aromatic odour and a strong, 
spicy, and pungent taste. Fresh cloves should 
sink in boiled waiter, a distinction from exhausted 
cloves, which are fro<piently used for adultera¬ 
tion. They are used to a considerable extent as 
a spice and as an aromatic carminative, whilst 
the essential oil is largely used as a mild pre¬ 
servative. Corran and Edgar (J.8.C.I. 1933, 
52, T149) have examined the preservative 
action, and find that mustard and cloves are far 
superior to all other spices, and better than the 
permitted amounts of sulphur dioxide or benzoic 
acid for preventing the fermentation of glucose 
by yeast. 

Microscopic Appearance .—The chief micro¬ 
scopic characteristics are the numerous oil 
glands just beneath the surface of the calyx 
and the calyx teeth, and also in the petals. 
The pollen grains are tetrahedral and measure 
from 15 to 20/x in diameter. Rosette, but not 
prismatic crystals of calcium oxalate are 
present, and the buds contain no starch or 
sclerenchymatous cells. The bast fibres are 
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broad, measuring about 60ft, and some idea of 
the proportion of clove stalk to bud may be 
obtained by counting the ratio of the bast 
fibres to the isodiametric sclorenchymatous cells 
in a powder. The stalks also contain prismatic 
crystals of calcium oxalate. 

Chemical Composition .—The following table 
shows the approximate composition of clove 
buds and stalks: 



Buds. 

Stalks. 

Moisture 

% 

. . 60-8-3 

% 

8*7-10*2 

Ash . . . . 

. . 6*3-7*6 

6*9-80 

Volatile oil . 

. . 140-210 

6*0-60 

Fixed oil and resin. . 6*0-10-0 

3*5-40 

Protein . 

. . 6-0-7-0 

6*8-60 

Crude fibre . 

. . 60-90 

13*0-19*0 

Tannin . 

. . 100-180 

about 18 

The principal 

constituent is the 

essential oil 


and this is probably determined most satis¬ 
factorily by the method of Cocking and Middle- 
ton (Quart. J. Pharni. 1936, 8, 436). The 
powdered buds are mixed with brine, distilled, 
and the vapours passed through the top of a 
condenser into a graduated tube, into which a 
small cpiantity of turpentine has bec?n pre¬ 
viously distilled to make the mixture lighter 
than water, tJie condensed water itself being 
returned to the distillation flask. An air inlet 
and outlet is })rovidcd by a side tube between the 
bottom of the condenser and the graduated tube. 

Standards. —The “ British Pharmacopoeia ” 
requires that cloves shall contain not more than 
6% of clove stems and 1% of other foreign 
organic matter. The ash shall be not more 
than 10%, the acid-insoluble ash not more than 
()-76%. The United States standard requires 
thc! btids to contain not more than 6% of stalks, 
not l(^ss tlian 16% of volatile oil, not less than 


12% of quercitannic acid calculated from the 
oxygen absorbed by the aqueous extract, not 
more than 7% of ash, not more than 0-6% of 
acid insoluble ash, and not more than 10% of 
crude fibre. 

Adulteration .—The chief adulterants are clove 
stems and exhausted cloves. Other adulterants, 
such as i)imento and cereal products, have been 
detected. 

T. McL. 

CLOVENE V . Caryophyllene. 

CLOVER. The name given to a number of 
leguminous crops grown for cattle-feeding. The 
true clovers are all species of Trifolium and 
include white clover {T. repens), red clover 
(T. pratense), alsike clover (T. hyhridiurn), 
crimson clover {T. incarntitum), yellow suckling 
clover {T. duhium), mammoth red or zig-zag 
clover (T. medium), hop clover or hop trefoil 
{T. procumhens). Other “ clovers ” of agri¬ 
cultural value are yeflow clover or yellow 
trefoil {Medieago lupulina), Bokhara clover or 
melilot {M. alba), sweet clover {M. dentatus), 
Japanese clover {Lespedeza striata), Soola or 
sulla clover {Hedysarum coronarium), various 
smaller vetches, etc. 

The importance of clovers for cattle feeding 
lies in the high nitrogen and mineral matter 
contents. In addition, the soil in which they 
are grown is enriched in nitrogen as a result of 
the fixation of atmospheric nitrogen by the 
bacteria present in the nodules of the roots. 
In practice clovers intended for direct grazing 
are frequently grown in conjimc^tion with 
“ seed ’’ grasses, or if required for winter 
feeding the unmixed clover is hayed. Average 
analyses of green clover and hay from 
(a) European, and {h) American sources are 
given below; 


Green Clover. 



Water. 

Protein, 

Fat. 

Soluble 

carbo¬ 

hydrates. 

Fibre. 

Ash. 


% 

% 

% 

% 

% 

% 

T. repens (a) . . . 

81*6 

4*4 

0*8 

6*9 

4*3 

2*1 

T. pratense (a) . 

79*0 

3*4 

0*7 

9*4 

5*9 

1*6 

T. pratense (b) . 

70*8 

4*4 

M 

13*6 

8-1 

2*1 

T. hyhridium {a) 

81*8 

2*8 

0*7 

7*0 

6*2 ! 

1*6 

T. hyhridium (6) . 

74*8 

3*9 

0*9 

IM 

7*4 

2*0 

T. incarnatum {a) . 

81*5 

2*8 

0*7 

7*0 

6*1 

1*9 

T. procumhens (a) . 

80*0 

3*6 

0*8 

8*4 

5*7 

1*6 



Clover Hay. 






Water. 

Protein. 

Fat. 

Soluble 

carbo¬ 

hydrate. 

Fibre. 

Ash. 


% 

% 

% 

% 

% 

% 

T. repens (a) . . . 

9*7 

16*7 

2*9 

39*3 

24*1 

8*3 

T. pratense {a) . 

16*5 

13*5 

2*9 

371 

24*0 

6*0 

T. pratense (b) 

16*3 

12*3 

3*3 

38*1 

24*8 

6*2 

T. hyhridium (a) 

16*0 

13*6 

3*1 

34*5 

25*7 

7*1 

T, hyhridium (b) 

9*7 

12*8 

2*9 

40*7 

25*6 

8*3 

T, incarnatum (a) . 

16*7 

12*0 

2*4 

36*5 

26*2 

7*2 

T. procumhens (a) . 

16*0 

16*4 

3*4 

33*2 

24*5 

i 7*5 

T. medium (h) . 

21*2 

10*7 

3-9 

36*6 

24*6 

6*1 

Lespedeza striata (a) . 

91 

13*7 

4*0 

47*5 

21*6 

41 

Lespedeza striata (b) . 

110 

13*8 

3-7 

39*1 

24*0 

8*6 
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Of the total nitrogen content of clovers as much flavour is likely to be of rare occurrence, 
as 40-50% may be in non-protein or amide Armstrong and Horton (Proc. Roy. Soc. 1913, 
forms in young plants. In mature plants B, 86, 262) detected an enzyme capable of 
85-90% of the nitrogen is present as protein. hydrolysing cyanogenetic glu cosides in certain 
In New Zealand and elsewhere the presence varieties of wild but not of cultivated white 
of cyanogenetic glucosides in clovers has caused clover. 

some anxiety. According to the investigations Wolff’s analyses of the ash of clovers include 
of Doak (New Zealand J. Agric. 1935, 51, 159) the following, expressed as percentages of the 
poisoning of cattle or even any ill effect on milk dry matter. 



Total 

asli. 

K30 

Na20 

CaO 

MgO 

f=e203 

P 2 O 6 

SO 3 

SiOj 

Cl 

T. pratense 

6-83 

2-20 

014 

2-41 

0-74 

007 

0-67 

0-21 

016 

0-27 

T. incarnatum 

6*08 

1*40 

0-52 

1-92 

0-37 

012 

0-43 

015 

0-99 

0-22 

T. hybridium . 

4-76 

1-.32 

1 015 

1-62 

0*60 

0-02 

0-48 

0-20 

019 

0-26 

T. repens .... 

7-16 

121 

0-54 

2*31 

0-72 

0-17 

1*01 

0-58 

0-30 

0-26 


A. G. Po. 


CLOVER FLOWERS. It has long been 
known that clover flowers d^m a yellow colour 
on aluminium mordanted fabrics, and in the 
past they were employed to a minor extent for 
dyeing purposes. Three varieties have been 
chemically examined : Trifolium pratense, T, 
inmrnaium,t and T. repens. 

Trifolium pratense.. —According to Power and 
Salway (d.C.S. 1910, 97, 231) the flowers known 
as the “ common red clover ” contain, in 
addition to isorhamnetin: 



HO CO 


and a glycoside of quercetin^ m.p, 235®, numerous 
other phenolic substances which are described 
below. These appear to be closely allied to the 
colouring matters of the flavone group. 

Pratol^ Ci 5 H 802 ( 0 H)( 0 CHg), colourless 
needles, m.p. 253°, readily soluble in hot 
aqueous sodium carbonate and sodium hydroxide 
with a pale yellow coloration, yields a mono- 
acetyl derivative, feathery needles, m.p. 166®. 
Robinson and Venkataraman (J.C.S. 1926, 
2344) observe that pratol closely resembles and 
is very probably identical with 7-hydroxy-4'- 
methoxyflavone: 


m.p. 262® {otcetyl derivative, feathery needles, 
m.p. 167°-] 68 °), prepared by heating resaceto- 
phenone with anisic anhydride and sodium 
anisate and hydrolysing the product. 

A compound^ CigH^oO^, thin yellow plates, 
m.p. about 280°, is soluble in alkalis with a 
yellow colour and gives with sulphuric acid a 
solution exhibiting a brilliant green fluorescence. 


It contains a methoxyl group and forms a 
teira-acetyl compound, colourless, glistening 
prismatic needles, m.p. 145°~147°. 

Pratensol, Ci 7 H 902 ( 0 H) 3 , feathery needles, 
m.p. 210 °, dissolves in alkali carbonates yielding 
yellow solutions, and with alcoholic ferric 
chloride gives a greenish-black coloration. 
2'riacetypratensol, colourless, slender needles, 
melts at 189°. Robinson and Shinoda (J.C.S. 
1925,127, 1973) suggest that pratensol may be a 
trihydroxystyrylchromone related to apigonin. 

A phenolic substance^ C„H, 03 ( 08 ) 3 , colour¬ 
less needles, m.p. 225°, is soluble in alkali 
hydroxides forming colourless solutions, and 
gives with alcoholic ferric chloride a dark 
green coloration. The acetyl derivative, silky 
needles, melts at 209®. 

The glycoside trifolin^ C 22 H 220 ii,H 20 , pale 
yellow needles, m.p. about 260° (decomp.), is 
soluble in alkalis with an intense yellow colora¬ 
tion, and dissolves in sulphuric acid forming a 
yellow solution which rapidly develops a 
brilliant green fluorescence. When hydrolysed 
it yields rhamnose and trifolitin^ 
slender yellow needles, m.p. about 275° 
(decomp.). Alkalis dissolve trifohtin with an 
intense yellow colour, alcoholic ferric chloride 
gives a dark green coloration, and alcoholic 
basic lead acetate an orange-yellow lead salt. 
It contains no methoxyl group and is unaltered 
when heated for several hours with 30% 
aqueous potassium hydroxide. It does not 
appear to belong to the flavone group, and 
differs from these by the fact that it does not 
give an oxoniura salt with sulphuric acid and 
only with difficulty a potassium compound by 
treatment with alcoholic potassium acetate. 
It may possibly consist of a tetrahydroxy- 
phenylnaphthaquinone. The tetra-acetyl com¬ 
pound, colourless silky needles, when rapidly 
heated melts at 116°, resolidifies at a higher 
temperature, and finally melts at 182°.^ 

The glycoside isotrifoUn, CgjHjgOn, pale 
yellow needles, m.p. about 250®, is isomeric with 
trifolin, and when hydrolysed yields, similarly to 
the latter, trifolltin. Though in general 

^ Both in Its melting-point and that of its acetyl 
derivative there is a marked resemblance between tri- 
folitin and kaempferol. 
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behaviour it is very similar to trifolin, it is 
much more soluble in alcohol, and does not 
appear to be identical with this glycoside. 

In addition to these compounds, the flowers 
contain salicylic acid, coumaric acid, myricyl 
alcohol, C 31 HQ 3 OH, heptacosane, C 27 H 5 g, 
hentriacontane, C 31 H 34 , sitosterol, C 27 H 43 O, 
trifolianol, C 2 iH 3402 ( 0 H) 2 , palmitic, oleic, 
linoleic, and wolinolenic acids. 

Trifoliurn incarnatum, —A considerable differ¬ 
ence is exhibited between the constituents of the 
“ carnation or crimson clover flowers ” and 
those of the T. pratense or “ common red 1 
clover.” According to Kogcrson (J.C.S. 1910, 
97, 1004) these flowers contain pratol, quercetin, 
and a gliicoside of quercetin termed incarnatrin, 
C 2 iH 2 oO| 2 » 3 H 20 , yellow prismatic needles, 
in.p. 242°-245°. Incarnatrin dissolves in sul¬ 
phuric acid, forming a green fluorescent solution, 
and when hydrolysed yields quercetin and 
glucose. It is isomeric but not identical with 
the quercimeritrin of Perkin (J.C.S. 1909, 95, 
2181). 

In addition to these substances the flowers 
yield furfuraldehyde, benzoic, and salicylic 
acids, a trace of p-coumaric acid, incamatyl 
alcohol, C 34 HgflOH, hentriacontane, a phyto- 
sterol, C 27 H 4 gO, and palmitic, stearic, oleic, 
linoleic, and 2 >olinolcnic acids. 

Trifolium repcns. —The flowers of the white 
clover, T. rcpenSy according to Perkin and 
Phipps (J.C.S. 1904, 85, 58), owe their tinctorial 
property to quercetin which is present as 
gliicoside. 

!Nakaoki (J. Pharm. Soc. Japan, 1933, 53, 
238) isolated trifoliin from the flowers and 
considered this to be a quercetin rhamnoside. 
A(;cording to Hattori, Hasegawa, and Hayashi 
(Acta Phytochim. 1937, 10, 147), however, 
trifoliin is identical with i^oquercitrin (quer- 
cetiii 3-glucoside). q p p. j 

CLOVES, ESSENTIAL OIL OF. Dis- 

tilled from the unexpanded flower buds of 
Eugfmia caryophyllata Thuiib. (Fam. Myrtaceae), 
a native of the Molucca Islands and cultivated 
in Zanzibar, Pemba, Amboyna, Penang, Mada¬ 
gascar, and in the Seychelles, Reunion, Ceylon, 
and Mauritius. The yield of oil from the buds 
is 16 to 19%. The ripe fruits (mother cloves) 
and the stems yield 4 to 7% of oil slightly inferior 
in quality. The leaf oil is also distilled in 
Mauritius. 

Constituents. —The chief constituent is the 
phenol eugenol, of which 80 to 92% is present. 
Eugcnyl acetate occurs to the extent of about 
3%. Other constituents are furfural, methyl- 
furfural, dimethyl furfural, methyl amyl ketone, 
methyl heptyl ketone, methyl benzoate, methyl 
amyl carbinol, methyl heptyl carbinol, methyl 
and benzyl benzoates, methyl salicylate, and the 
sesquiterpenes a- and j 3 -caryophyllene. 

Characters. —A colourless or pale yellow oil, 
darkening on keeping. Sp.gr. 1-047-1*065, 
opt. rot. at 20° 0° to -1-5°, w®" I-628-1-540, 
phenol content 82 to 92%. Soluble in 2 volumes 
of 70% alcohol. The phenol content is deter¬ 
mined by adsorption with cold 5% aqueous 
solution of potassium hydroxide as described in 
the “ British Pharmacopoeia.” C.T.B. 


CLUPEINE s the protamine of herring 
sperm. It contains 15 amino-acid residues and 
14 peptide linkages and yields on hydrolysis 
arginine (10 mols), serine (2 mols), prolino, 
alanine and valine (1 mol.each); moI.wt.20ZI. 

COAL TAR. —The dark brown to black, 
oily to viscous product of characteristic odour 
obtained as a by-product of the carbonisation of 
coal in gasworks retorts or in coke ovens {see 
also Taii). 

Coal tar is a colloidal system, the disperse 
phase consisting of coarse to ultramicroscopic 
particles, the so-called “ free carbon,” as deter¬ 
mined by the matter insoluble in aniline or 
pyridine, the continuous phase being the com¬ 
plex mixture of solid and liquid chemical com¬ 
pounds which form the tar oils. According to 
Nellensteyn, resin-like hydrocarbons adsorbed 
by the free carbon act as protective colloids to 
confer stability on the system. Upwards of 
120 compounds have been identified in coal tars 
formed at high temperatures, i.e. over 900‘'U. 
In the following list those shown in CAPITALS 
are produced commercially, those for which 
commercial methods of isolation have been 
devised but not yet apj)lied or\ a large scale 
are shown in black-face type. The compounds 
are given in the general order of their boiling- 
points, but in some cases the compound may be 
found in a highc^r fraction than that indicated by 
its boiling-point cowing to the formation of doable 
compounds. 

Boiling-POINT below 200'TL 

Hydrocarbons. — n-Butylene and homo- 
logueSy n-pentane and homologues, cyclopenta- 
diene, di- and tetra-hydrobenzeney BFiSIZENE, 
TOLUENE, ethylbenzene, p-, m-, o-XY- 
LENES, styrene, n- and impropylbenzeney o-, m-, 
p-ethylioluenesy mesitylene, pseudocumene, 
dicyclopentadiene, heniellitheney hydrincltney 
INDENE and homologuesy teiratncthylhenzenesy 
durene. 

Oxygen-containing Compounds.— AcetonSy 
CUM ARON E and 7nethylcumaroney PHENOL, 
o-CRESOL. 

Nitrogen Compounds. — Acetonilriky PYRI¬ 
DINE and its METHYL di~ and trimethyl 
homologueSy pyrroly uniliney benzonitrile. 

SuLPH UR CoMPOU N Ds. — Eth ylmercaptayiy 

CARBON DISULPHIDE, thiophen and mono- 
and dimethyl homologues and ethyl sulphides. 

Boiling-point above 200'’C. 

Hydrocarbons. — Penta- and hexamethyl- 
benzency methyl!ndene, tetra- and hexa-hydro- 
naphthalene,y NAPHTHALENE, a- and )3- 
methylnaphthalenes, dmiethylnaphthalenesy 
diphenyl and its methyl and dimethyl derivatives, 
AiMenzoindaney ACENAPHTHENTI, FLUOR- 
ENE and its methyl derivatives, phenanthrene, 
fluoranthrency ANTHRACENE and its methyl 
and dimethyl derivatives, pyrenCy naphtho- 
fluoreneSy triphenyleney chrysenSy truxenCy perylene, 
liquid and solid paraffins. 

Oxygen-CONTAINING Compounds. — m- and p- 
CRESOL, acetophenoncy m-5-XYLKNOL and 
isomers, m- and p-ethylphenolsy dimethyl-cuma- 
remsy symm. methyl-ethyl phenoly durenoly a- and 
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p-naphthols, diphenylene oxide and its methyl 
derivative. 

Kitbooen Compounds. — Tetramethylpyridine^ 
quinoline and isoquinoline and their methyl 
derivatives, indole and its methyl derivatives, 
a- Bind p-naphthoniiriles, acridine and its methyl 
and dimethyl derivatives, phenanthridine^ a- and 
^-naphthylamine, CAKBAZOLE and its 2- and 
Z-methyl derivatives, pliemjlno'phthyl carbazole. 

Sulphur Compounds. —Thionaphthen ietra- 
methylthiopheny diphenylene sulphide, thio- 
phenols. 

The properties and composition of coal tars 
are materially influenced by the type of coal 
carbonised, by the maximum temperature to 
which the tar vapours are exposed in the retort, 
and by the time of exposure to this tempera¬ 
ture. The primary tar formed in the retort 
consists mainly of paraffin hydrocarbons, ole¬ 
fines, naphthenes, and phenols, and the wide 
variety of conditions governing secondary 
decomposition accounts for the range of com¬ 
position of the products of high temperature 
carbonisation. The coal components are sub¬ 
jected to different degrees of heat and the 
secondary reactions overlap. In general, 
medium carbonising temperatures (900°- 
1,150°C.) and rapid removal of the tar vapours 
from the retort give a higher yield of tar (12-14 
gaUons per ton of coal) rich in j)araffinoid hydro¬ 
carbons and in high-boiling phenols. The aro¬ 
matic compounds present are in part highly 
hydrogenated and methyl-substituted, while the 
tar contains a high proportion of oils and a 
low j)roportion of pitchy matter and of material 
insoluble in pyridine. Such tars are obtained 
from vertical retorts, particularly if steaming 
is employed during carbonisation. In horizontal 
retort practice higher temperatures are em¬ 
ployed (1,150°-1,350°C.) and the time available 
for secondary decomposition is related to the 
density of filling the retort charge. The yield 
of tar is normally 9-11 gallons per ton of coal, 
the content of phenols, now mainly jihenol and 


cresols, is decreased, the pitch yield, naphthalene 
content, and matter insoluble in pyridine are 
increased, and the hydrocarbons are almost 
wholly of the aromatic series and of a lower 
degree of substitution. Under comparative car¬ 
bonising conditions. Midland and Yorkshire coals 
yield tar containing more light oil and less 
naphthalene and anthracene than Durham coals. 
In general, young coals have the higher oxygen 
content and give a liigher tar yield. In coke 
oven practice (temperature 1,0(X)°-i,250°(J.) the 
degree of pyrogenic decomposition of the 
primary vapours varies with the typo of oven 
and with the time cycle, but generally tar yields 
are lower at 8^ gallons per ton of coal, the tar 
being relatively viscous, highly aromatic in 
character, the naphthalene content being high 
and the phenols and pyridine-insoluble matter 
low. Whereas in a vertical retort the vapours 
proceed upwards and escape through cool 
inner channels in the coal, in a horizontal retort 
the vajxjurs travel along the hot upper surface 
and are exposed to radiant heat. In a coke 
oven the large mass of wet coal cools tlie walls 
and the tar in part condenses in the centre of 
the coal mass and later, as carbonisation pro¬ 
ceeds, is again vaporised, the degree of further 
decomposition depending on the temperature of 
the oven top. l^yridine-insoluble matter 
(elementary analysis—C about 90%, H about 
3%, balance 0+ N-j S-fash) is the final i)rodiict 
of cleconi}) 08 ition of the tar vapours. Unless 
I local heating occurs, the absolute amount of this 
matter does not increase during the subsequent 
distillation t)f the tar. The percentage of 
matter insoluble in toluene but soluble in 
pyridine is relatively constant in crude tars, 
but increases in amount during the tar distilla¬ 
tion process, the formation ratio depending on 
the prior thermal history of the tar, and on the 
maximum temperature employed during distilla¬ 
tion and period of exposure thereto {see Adam 
and Sach, J.S.C.l. 1929, 48, 337T). 

Typical properties of crude coal tars are : 



Horizontal 

retorts. 

Vurtical retorts. 

Coke ovens. 

Specific gravity at 15-5°C. 

ia6-l-23 

U07-M2 

M2-M8 

Distillation per cent, by wt. of dry tar: 

Light oil to 170°C. 

3-4 

3-6 

1-3 

Middle oil to 230°C. 

7-12 

11-16 

6-10 

Creosote oil to 270°C. 

10-15 

11-20 i 

8-15 

Anthracene oil to 350°C. (approx.) 

11-14 

10-16 

16-24 

Pitch (medium grade) . 

58-67 

45-64 

47-65 

Matter insoluble in toluene. 

12-23 

3-8 

5-16 

Phenols by per cent, volume on dry tar . 

3-6 

6-10 

3-7 


The pitch from a horizontal retort tar will 
contain 22-35% matter insoluble in toluene 
(free carbon) and will yield 53-70% volatile 
matter, that from vertical retort tar will contain 
10-20% free carbon and yield 67-76% volatile 
matter. Coke-oven pitch gives on analysis 
16-26% matter insoluble in toluene and 63-72% 
volatile matter. 

Weiss and Downs (Ind. Eng. Chem. 1923, 15, 
1022) give results of a full investigation of the 
constituents of a coke-oven tar. 


The calorific value of crude tar is gross 
16,600-17,000, net 16,900-16,400 B.Th.U. per 
lb. The specific heat is 0*35 i 0*05 at 40°C., 
0-45d:0*05 at 200°C. (“International Critical 
Tables ”). Spiers (Technical Data on Euel, 1935) 
quotes as a typical ultimate analysis, C 86-0%, 
H 6*2%, N 1 -8%, S1 '0%, O, ash, and errors 6-0%. 
The carbon-hydrogen ratios of low temperature, 
vertical, coke-oven and horizontal tars are 
respectively as follows: 85-6, 11*4; 88*0, 6*8; 
89-0, 5-5; 91-5, 5*2. 
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When tar is distilled in an Engler flask, the The extent of the reaction is a function of time 
specific gravities at of the frac tions are and temperature, increasing in some geometric 

shown in the follcjwing table: ratio with increase of temperature, and in an 

Horizontal Vortical Coke-oven approximately arithmetic ratio with increaain« 
Fraction. tar. tar. tar. time at a constant temperature. Above tt45 

230°-270° 1-03-1 *04 0-990-1-00 1-035-1-05 permanent gase^s and water are evolved; 

270^-300° 1-05-1005 1 00-1-03 1-06-1 *07 between 300"^ and 345° the decomposition is 

300°-350“ 1-095-i n 1-05-1 075 I-095-M1 ‘•''“^‘‘'1 mainly by an increase in the pyridine 

insoluble matter and toluene insoluble matter 
The yield of fine products per ton of crude (Weiss, Chem. and Ind. 1932, 10, 219; Adam 

tar varies within wide limits, and the following and Sach, l.c). Tars which have been 

figures are to bo taken only as a general guidtj: subjecte<l to high temperatures during formation 
90 ’h benzole, 1-2| gallons; fiO’s toluole, J-l are less susceptible to cracking during distilla- 
gallons ; 90/160 solvent naphtha, 1^-2^ gallons ; tion. These factors, safety and fuel, labour and 
phenol, 8-15 lb.; eresylie acid, 20-35 lb.; plant maintenance costs, must bo considered in 
90/140 pyridine bases, 0-15-0-4 gallon ; naphtha- the design of efficient tar distillation equipment, 
lene, 20-100 lb.; crude anthracene, 3 to 15 lb. Crude coal tar, which may be preheated by 
i)iSTJILLATION.—The crude tar vapours from indirect exhaust steam, is normally distilled in 
the retort after conrlensation are separated direct-heated wrought iron or mild steel vertical 
from the ammoniacal liquor fraction, and if pot stills of 10-40 tons capacity, of height slightly 
agitation be avoided during subsequent cooling, greater than diameter, and having a concave 
the tar as finally separated contains 3-5% bottom. The flues cause the combustion gases 
liquor by volume. The corrosion of tar stills is finally to encircle the walls of the still. (3rude 
attributed to the ammonium chloride i)reBent in tar tends to froth over if rapidly heated, par- 
crude tar acting in conjunction with the ticuiarJy if the insoluble matter content is 
resinols, i.e. compounds soluble in a(pjeous high ; to overcome this trouble, and at the same 
caustic soda, but which can he precipitated time to efi’ect an economy in fuel consumption, 
from solution in an organic solvent such as modern pot still installations are now usually 
benzene by the addition of light petroleum, operated on the “ double still ” system, in which 
I'he h(‘.avier corrosive action of vertical retort the vapours from the fire-heated still pass 
tars has been found to he due to their higher through a coil immersed in the crude tar for the 
resinol content (D.S.I.K. Report, 1935/1936). next (barge. The tar is thus sufliciemtly 
Chemical changes, generally described as preheated to remove the water and naphtha 
cracking and polymerisation, occur during fraction slowly, provided the water content is 
distillation, and the greater these changes not higher than 7%. The general arrangement 
the hwer the yield of oils distilling below 350°C. of the plant is shown in k'ig. 1. Foul gases 
and the higher the yield of residual j)iteh. containing HoS are evolved during distillation 



Fig. 1. 


and are drawn ofl* through an oxide bed or intermittent pot still depends very largely 
passed through an explosion prevention box to upon the skill of the man in charge, and the 
a furnace and burnt. Cracking during the recent tendency has been towards the develop- 
later stages of distillation is reduced by the ment of continuous units, which lend themselves 
admission of dry free steam to the still, and the to regularity of operation and control of distillate 
repeated circulation of inert gases such as COg yields, to lower labour costs, to fuel economy by 
or nitrogen has been proposed to serve a similar heat interchange between vapours and crude 
purpose, thus increasing oil yields and reducing tar, and to relatively higher output per unit of 
formation of insoluble matter in the tar (B.P. capital expenditure. For example, a number of 
158852). In America horizontal stills have been pot stills, say five, may be connected in series, 
preferred. The satisfactory operation of the and the tar progressively heated during its- 
VoL. Ill,—14 
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passage through the plant so that each still 
yields a selected distillate fraction. The Hird 
continuous plant (B.l\ 11143,1911) consists of a 
number of cast-iron stills in series, the heating 
gases passing through W.I. longitudinal tubes 
immersed in the tar. This type of plant, 
frequently combined with a steam-heated 
Wikner dehydrator (B.P. 191295) has been 
installed in a number of tar distilleries. In the 
Ab-Der-Ualden system (11.P. 340370), largely 
employed in Prance, the tar, preheated by the 
outgoing pitcfi and by the line gases is fed to a 
still into which superheated free steam is 
admitted, 'fhe hot gases from the coke furnac'c 
pass first over the steam superheating coil, then 
round the still, and finallj^ over jireheating coils. 
This plant is stated to give a high oil yield, and 
relatively good fractionation, but the steam 
consumption at 40-50% by weight on the tar 
is high. Kahl (B.P. 208691, 221773) super¬ 
imposes a fractionating ('olumn on the still 
and thereby obtains a sharp separation of the 
fractions without re-distillation, thus facilitating 
the production of phenols, acenaphthene, 
fluorene, carbaxole, etc. Owing to the lengthy 
exposure of the tar in the still to high tempera¬ 
tures, cracking and polymerisation occur and oil 
yields are low and pitch yields high. 

Intermittent and continuous vacuum distilla¬ 
tion has also been practised (liaschig, G.P. 
260060; Weise, Petroleum, 1930, 26, 499, 
677). The T.I.C. process (B.P. 170617, 184624) 
takes advantage of the rapid transfer of heat 
that can be secured by feeding crude tar over 
the surface of a cushion of molten lead or 
alloy contained in a still—the distillation rate is 
high, giving high oil yields—and the fractional 
condensers give narrow range oil fractions. 
This system is used in gasworks with small daily 
throughput of tar. 

In the Barrett (U.S.A.) system, tar is distilled 
by being brought into intimate contact with the 
hot coke oven gases by means of a rotating 
roller in a continuous still of special design 
(B.P. 346753, 347240, 349088, 370387), and the 
hard pitch produced, which may have a cube-in- 
air melting-point up to 400^^1^., is continuously 
removed and granulated by spraying wdth 
water. The hot gases and vapours from the 
still pass through heat exchangers and are then 
fractionally condensed. Suspended particles of 
tar in the vapours may be removed by means 
of an electrostatic precipitator before the 
vapours are passed to the condensing system, 
A small number of ovens on a battery are 
equipped to deal with the total production. 
It was claimed that the process gave maximum 
oil and minimum hard pitch yield with low 
operating costs, hence its development in the 
U.y.A., where, apart from the tar required for 
road purposes, the main objective of complete 
distillation is the production of creosote, pitch 
being a low value by-product. The throughput 
of the still varies with the oven cycle time and 
lies within the limits 100-125 gallons tar dis¬ 
tilled per ton of coal carbonised. Cooke and 
Holton (B.P. 301645, 416103) use the sensible 
heat of the hot crude retort gases by circulating 
the tar in the collecting mains until a dehydrated 
tar of the required viscosity for road work is 


obtained; the light vapours pass forward with 
the gas and are recovered in a static extractor 
and dynamic extractor in series. 

The pioneer user of the pipe or coil still was 
Leonard (B.P. 814 of 1891). His system 
improved in detail is employed by the South 
Metropolitan Cas Co. The preheated crude tar 
is pumped through a pipe still and at a tempera¬ 
ture of 325°C. enters the top of a column into the 
base of which steam is admitted. Pitch is con¬ 
tinuously drawn off from the base of the column 
and the vapours jiass forward through a series 
of fractional condensers maintained at pro¬ 
gressively lower temperatures. In 1907 Wilton 
(B.P. 26910, 1907) erected a cast-iron pipe still, 
in wdiich the tar was heated to HO'^C., while 
being maintained under a jiressuro of 40 lb. 
per sq. in. The hot tar at the coil exit passed 
through a control valve to a flash chamber at 
atmospheric pressure, in which the tar layer was 
kept at 4-6 in. depth. The water and light 
oils flashed off without frothing and the de¬ 
hydrated tar was further treated in pot stills. 
This system was develojied to deal with tars of 
high water and insoluble matter contt^nt. It w^as 
lateT adapted for the production of road tars, 
the dehydrated tar from the first coil being 
passed through a second coil at temperatures up 
to 275“C. and at pressures up to 60 lb. per sq. in. 
This tyjie of plant is employed by the Gas 
Light & Coke Co. at their Beckton works. 

The pipe still system of distillation has certain 
advantages, including relative safety due to the 
small quantity of tar in the unit at any par- 
ti(uilar moment, and production of high oil 
yields due to the short time of exposure of the 
tar to the higher distillation temperatures. 'I'he 
system operates continuously, and since 1933 
has been further developed by improved design 
of the heat exchangers and fractionating 
columns. The rate of How of the tar in the 
pipe still is such as to give turbulent flow 
conditions, thus minimising the formation of 
deposits in the pipes and increasing the rate of 
heat transfer. The heating surface has been 
designed to give a uniform rate of heat transfer 
per unit of surface and finally, bubbling hood 
towers with controlled reflux ratios have been 
added to yield narrow range fractions of oil. 

Wilton (B.P. 307577, 337581, 424645) cir- 
culates the preheated tar through a pipe still to 
a vapour box and part of the residual pitch is 
passed again to the feed tank, where crude tar is 
admitted so that the hot pitch effects dehydra¬ 
tion of the tar and distillation of the most 
volatile constituents. The mixture is again 
circulated through the still, the temperature 
being raised to 300°C. or higher. 

In the American pipe still system the tar is 
dehydrated in the heat exchanger system and 
distilled by one passage through the still. 
Plant of this type in U.S.A. vary in capacity 
from 150 to 450-700 tons per day. Oil yields 
are 10-16% higher than for batch stills when 
producing pitch of cube-in-air melting-point 
300°P. Final temperatures are higher than in 
pot stills, but the time factor is reduced to 
below 

Adam and Potter (B.P. 303038) patented a 
two-stage pipe still distillation system designed 
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to give a minimum increase of toluene-insoluble 
matter and hence high oil yields. Two coils 
set in one furnace operate under pressure 
and in series, the pressure being released in a 
flash box at the exit of each coil. The release 
of vapours in the second box is assisted by the 
admission of sujjerheated free steam and the 
vapours are fractionally condensed in a series 
of bubble hood columns. 

The K()pi)crs Co. have erected a plant at 
Ostrava, Czechoslovakia, and another at Beck- 
ton, England, designed on similar principles. The 
tar is distilled in two stages, in two separate 


pipe stills between which is inserted a vaporiser 
for the removal of light oils and water. The 
tar is heated in the first still to 150°, and in the 
second to 300”-350°, according to the hardness 
of pitch re(|uired. The volatile products from 
the pitch column are carried forward and 
separated into the recpiired fractions in succes¬ 
sive bubble hood column stills with the aid of free 
steam. The first named plant has a capacity of 
200 tons and the second 400 tons a <lay, the 
fractions taken comprising light oil, carbolic oil, 
crude naphthalene, wash oil, and two anthracene 
oil fractions —see Fig. 2. This system is 


FRACTIONATING COLUMNS for 



economical only when a large tonnage is to be 
handled (100 tons per day or over). The heat 
units fed to the furnace per ton of tar distilled 
are. 980,000 B.Th.U. in the form of solid fuel, 
and 90,000 JkTh.U. as steam (from pump 
exhausts), a reduction of over 25% on average 
figures for pot stills (Eisler, Zamrzla and 
Weinkopf, Oliickauf, 1930, 72, 184), which are 
of the order of 130-145 lb. coal per ton of tar 
distilled. 

In another typo of plant the hot tar is flashed 
into a tall bubWo hood tower which embodies 
the evaporator or flash box section and the 
vapour rises through the trays on which it 
contacts with descending reflux liquid. At 
selected points on the tower distillate side¬ 
streams are drawn off. 

The composition of the fractions obtaL ed by 
primary distillation of crude tar varies i con¬ 
siderably with the type of plant and type o. crude 
tar. The following data are typical for a modern 
pipe still (Koppers) and for a double pot still 
in8tallatif)n distilling a mixed crude tar. 

Pipe Still with Fhactionating Columns.— 
The crude naphtha distils 95% between 9t° 
and 170°C., sp.gr. 0-885“0-89(), yield about 
2-3% ; the carbolic oil distils 95% between 180° 
and 210°, sp.gr. 0-98-1-00, yield 3-6%, content 
of phenols 3()--40%, this fraction being fluid at 
ordinaiy temperatures ; the naphthalene frac¬ 


tion distils 95% bctwfH^n 211° and 237°, crystal¬ 
lising point about 65°C., yield 6-10% ; the 
wash oil distils between 240° and 290°, 

ap.gr. 1 •025-1-040, yield 6^%, this fraction also 
being fluid at ordinary temperatures ; the 
anthracene oil No. 2 distils 95% between 263° 
and 330°, sp.gr. T07-T08, yield 5% ; the 
anthracene oil No. 1 commences to distil at 323° 
sp.gr. 1 10-1-12 yield 15-20%. 

Pot Still. —Crude naphtha, sp.gr. 0-910- 
0-960, distils 50-80% within the range 90°-160°, 
contains 60-65% benzole hydrocarbons, up to 
15% naphthalene, and 5-10% phenols, yield 
2-4%. The middle or carbolic oil, sp.gr. 0*960- 
1-005, distils mainly between 165° and 245°, 
contains up to 40% naphthalene depending on 
the nature of the tar distilled, and 15-30% 
phenols, yield 6-14%. The creosote oil fraction, 
sp.gr. 1-025-1-045, distils mainly between 220° 
and 300°C. Under favourable market con¬ 
ditions the phenols may be recovered by a 
caustic soda wash, otherwise this oil is mixed 
without chemical treatment with the anthracene 
oil fraction to yield timber preserving oils to the 
British Standard Specifications {see Creosote). 
The anthracene oil fraction, sp.gr. 1-075-1*11, 
distils mainly between 270° and 350°, yield 10- 
20%. In order to preserve the life of the still and 
to reduce decomposition, this fraction is obtained 
with the aid of free steam. After condensation 
of the vapours, the w ater is separated and the 
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oil may be cooled to deposit crude anthracene of 
about 35% strength. The crude anthracene 
is recrystaliised from solvents such as pyridine 
and solvent naphtha to yield a high grade 
anthracene and crude carbazole. 

The distillation is carried to the point at which 
the pitch residue in the still has the desired 
softening-point when examined by one of the 
standard methods, the end point being deter¬ 
mined by the specific gravity or by the appear¬ 
ance of the final runnings or by the tem})erature 
of the pitch or vapours. Normally there are 
three main halts: (1) the soft pitch stage 
(Kraemer-Sarnow softening-point, 25"-50"’C.), 
the product being employed for various 
industrial purposes such as hot process tar¬ 
macadam and pipe coating for prevention of soil 
corrosion. The pitch at this stage is allowed to 
cool off to some degree in the still and is then 
run to containers or to the mixing plant ; the 
soft pitch may be cut back with a selected 
creosote oil fraction to yield road tars of the 
required viscosity; (2) the medium soft or 

briquetting pitch stage. This pitch has a 
softening-point TO'^C.rf 5° by the Kraemer- 
Sarnow method, or 78'^C.::f 5^ by the Ring and 
Ball method. This grarle is run from the still to 
coolers which may be storage vessels with an 
exit to air through a packed tower down which 
heavy oil is allowed to trickle for condensation 
of the lieavy obnoxious vapours. From the 
coolers it is pumped while still fluid, either by 
steam-heated reciprocating pumps or by air 
pressure, the dry air being admitted through the 
molten pitch, to overhead cooling trays of 5 
tons caj)acity, or alternatively, it is run by 
gravity to wrought iron moulds holding 1-2J 
cwt., or to pitch beds, wliere it is allowed to cool 
to atmospheric temperature. 1'he beds arc 
concrete or brick-lined, and adhesion of the 
pitch is prevented by lime-washing the sides 
and cov^ering the bottom with a shafiow layer of 
coal dust; (3) the hard pitc;h stage, the product 
having a Kraemer-Sarnow softening-point 1()0°C. 
and upwards. This xjitch is cast in cooling trays 
and is used for special industrial purposes, such 
as clay pigeon manufacture, as a reducing agent 
in metallurgical processes, as a fuel, or it may be 
further distilled in special stills or in coke ovens 
to produce pitch coke. 

The naphtha, light oil, and carbolic or middle 
oil distillates are chemically treated to remove 
phenols and bases. Narrow range fractions are 
then prepared by redistillation for further 
resolution into the pure compounds. 

The fraction to 170° is washed with 10% 
caustic soda solution to remove phenols, w^hich 
are recovered as such (gee C/ARBOLIC Acid), 
and with 25-30% sulphuric acid, crude pyridine 
bases being recovered from the acid solution 
by neutralisation with gaseous ammonia or 
sodium carbonate. The neutral fraction is then 
redistilled from a still fitted with closed steam 
coils, crude benzole, toluole, and solvent 
naphtha fractions being taken. These fractions 
are refined by treatment with 3-4% by volume 
of strong sulphuric acid (C.O.V.) to remove 
thiophen, and olefinic hydrocarbons, neutralised 
by water and alkali washes, and fractionally 
redistiUed to yield pure and 90’s benzole, pure 


and OO’s toluole, xylole, and solvent naphtha. 
Until 1930 benzole for use as motor spirit was 
refined by similar methods. It w^as then 
recognised that the sulphuric acid gave rise to 
unnecessary losses of the order of 5-10%, 
due to sulphonation of the aromatic hydro¬ 
carbons and to the removal of the olefinic 
hydrocarbons which have a definite fuel value. 
In Germany a restric'ted acid wash employing 
80% sulphuric acid was adopted, the treated 
spirit being distilled through a 60% caustic soda 
solution to remove sulphonic acid esters. In this 
country the inhibitor process was adopted, in 
which the chemical treatment is reduced to that 
necessary for rcmo\ al of phenols and bases and 
for reduction of the sulphur content, and to 
improve the colour keeping properties. The 
formation of gum from the unsaturated hydro¬ 
carbons during storage is prevented by the 
addition after redistillation of small amounts of 
the order of 0-022o of substances known as 
inhibitors. Suitable inhibitors for benzole are 
cresyli<‘ aci<l of high ortho- content or catcufiiol 
(Floffert and C3axton, J.S.CM. lt)3(), 52, 251'). 

The carbolic or middle oil fraction may be 
separated into two main fractions by re- 
I distillation and the lower boiling fraction washed 
for recovery of phenols, or the w hole fraction 
may be so treated (see Carbolic Acid; Cresylic 
Acid). The first and second fractions obtained 
on redistillation, or the w^hole fraction, is cooled 
in pans or in tanks fitted with agitators and the 
crude naphthalene which crystallises out is 
separated by draining or centrifuging, and may 
be further ])urified by hot pressing. The crude 
naphthalene so obtained is washed in the 
molten condition w ith 4% sulpluirie acid 93-96% 
strength, with hot Avater and with caustic soda 
solution, and redistilled or sublimed to yield the 
commercially pure product. The treated car¬ 
bolic oil is redistilled, the fraction distilling 
between 160° and 190°C. being sold as “ heavy 
naphtha.” 

The separation of tar into an oil fraction and a 
pitch fraction by treatment with light petroleum, 
b.p. 40°-60°C., and determination of the phenols 
and neutral oils in the soluble portion and of 
resinoids soluble in benzene but insoluble in light 
petroleum, forms the basis of a useful method 
for the examination of crude tars. Industrial 
applications of this method have been patented 
by Lessing (B.P. 130362) and Morgan and Pratt 
(B.P. 307566, 331542), but have not been 
developed on a large scale for the treatment of 
high tf mperaturo tars. 

Com fERCTAL Evaluation. —The production 
of tar from coal was first mentioned by Becher 
in 166 5 and later covered by a joint patent with 
Steele (B.P. 214 of 1681). Clayton (1739) 
carbonised coal with recovery of by-products, 
the tar being used in place of Stockholm tar. 
From the beginning of the nineteenth century 
until 1850 coal tar was in the main regarded as 
e useless by-product of the new illuminating gas 
industry. Early uses were as fuel for retorts, 
in the manufacture of roofing felt, as a paint for 
wood and stone, and for production of lamp 
blacks. The distillation of tar is first recorded 
in 1822, and in 1830 Anderson at his works in 
Edinburgh was producing naphtha which was 
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sent to Macintosh in Glasgow for employment 
as a rubber solvent. His works also produced 
pitch and carbon black. The first important 
bulk outlet was opened up in 1838 when Bt^thell 
patented the employment of coal tar creosote 
oil for the preservative treatment of timber for 
railway sleepers and mine props—this use arose 
from the rapid decay of the sleepers on the 
8tockton-I)arlington railway, opened in 1825. 
The light solvents were used as such and as 
illuminants. Following Hofmann’s identifica¬ 
tion of benzene in coal tar (1845), Mansfield in 
1848 laid the foundations of the industrial 
process for the recovery of benzene from coal 
tar. From 1856 onwards the development of 
the aniline dye industry, employing as raw 
materials benzene, toluene, naphthalene, and 
anthracene (alizarine 1868), exerted a strong 
influence. The employment of pitch for coal 
briquetting in 1842 extended the uses to which 
the products of primary distillation were 
ap])lied. The production of tarred rooting felt 
increasc'd, later to decrease in this country, but 
was maintained in U.S.A. and Germany. 
From about 1910 a new factor of immense 
importance arose with the development of the 
use of refined tar in road construction, both 
for surface dressing and for the manufacture 
of tarmacadam. 'l\.)f)ped tars wore first used 
on roads to eliminate the dust nuisance which 
followed the introduction of the motor car 
(1896), but later prepared tars were produced 
which, acting as a binder for the mineral 
aggregate, gave a road surface possessing 
the required qualities of stability, durability, 
and safe riding surface. 

The production of (Tude tar increased in this 
country and more rapidly on the Continent 
with the introduction of the by-product oven 
for the manufacture of metallurgical coke (1876 
onw'ards). A further important step was the 
introduction in Germany in 1890 of the gas 
washing process for the recovery of benzole 
from the coke oven gases, this materially 
reducing the export of benzene from England 
to the German dye manufacturers. 

The quantity of crude tar produced by the 


gas industry has tended to increase, but the 
production from coke ovens undergoes marked 
changes in accordance with the state of the steel 
industry. Total production, therefore, bears no 
relation to the demand for the products of 
distillation, the values for which undergo 
relatively violent changes as the demand of the 
respective using industries equals or falls 
below the supply. The post war employment of 
the benzole hydrocarbons as motor fuels con¬ 
ferred on these (ionstituents a relatively stable 
price in an unsaturated market. The market 
values for naphthalene, phejiols, and cresols 
have not been without interest, but the real 
economic factor for the tar distiller is the 
price realised for the bulk products, creosote, 
pitch, and road tar. Data regarding the pro¬ 
duction of these products is given in the appro¬ 
priate articles. Thus the value of tar as a by- 
j^roduct depends upon many factors, iniiluding 
the cost of transport of crude tar to the distillery, 

I and of the products to the consumer. Present 
average values in the gas industry are 2Jd. to 3d. 
per gallon crude tar, equivalent to 2s. to 
3.9. 3d. per ton of coal carbonised. 

On the continent of Europe tar distillation 
practice follows the same general lines as 
Jlritish practice). In the United States the 
outlet for pitch is limited and hence about 
one-half of the crude tar produced, after 
removal of the more valuable light oils, is 
burnt as fuel in the adjoining steel w'orks. At 
the tar distillation works, hard j)itch for fuel 
purposes is produced, in order that the maximum 
yield of c*reosote oil may be obtained. As 
illustrating recent American conditions, the 
following figures supplied by 8. H. Church are 
interesting: “ The revenue per American 

gallon of coke oven tar fell steadily from 5*1 
cents in 1929 to 3-7 cents in 1933, and had 
recovered to 41 cents in 1935.” 

Complete production statistics for Great 
Britain are not readily available, but the follow¬ 
ing data for 1936 has been assembled from the 
Annual Reports of the Chief Inspector of Alkali, 
etc.. Works, England and Wales, and from other 
sources: 


Origin of Tar. 

Tar distilled. 

Pitch pro¬ 
duced. 

Pitch 

exported. 

Tar treated 
for production 
of road tar. 

Road tar 
exported. 


tons. 

tons. 

tons. 

"o 

tons. 

Gas works .... 

1,060,000 

275,200 




Coke ovens .... 

709,900 

260,500 




Other works 

20,000 

7,600 




Total. 

1,789,900 

543,300 

407,459 

43 

i 

169,984 


The figures for Scotland arc: Tar distilled, 
173,046 tons; pitch produced, 47,707 
tons. 

The production in Germany for 1935 was 
1,435,000 tons, of which approximately four- 
fifths was from coke ovens; the road tar con¬ 
sumption was about 159,000 tons. In 1936 
the production rose to 1,680,000 tons. The 
French production of crude tar, approximately 
one-half from coke ovens, was 525,000 tons; 
305,000 tons of tar were used for road purposes 


in addition to 171,000 tons of road tar imported. 
The annual production of tar in the United 
States from horizontal and vertical retorts is 
about 220,000 tons, and from coke ovens, 
including those on gasworks, was 2,017,500 
tons in 1935 and 2,588,000 tons in 1936; in 
1935, 465,000 tons were used for road purposes. 
The quantity of tar distilled in the United 
States has increased in recent years—the figure 
for coke oven tar in 1932 being 811,500 tons and 
in 1935 1,316,000 tons, the balance of production 
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in each year being either burned as fuel in 
steel works or sold as fuel. 

The total world })roductiou of crude tar is of 
the order of 7-8 million tons. 

Analysis. —Standard methods for testing 
tar and its products arc fully described in the 
book issued by the Standardisation of Tar 
Products Tests Committee (2nd ed., 1938), 
which should be consulted. Methods for 
sampling are given in this publiciation and in 
British Standard Specification 616/1938. 

The following determinations are normally 
made on a sample of crude tar : Specific gravity, 
water (by distillation), matter insoluble in 
toluene, ash, and distillation test, followed by 
the estimation of phenols and of crystallisable 
solids in the fractions. For the distillation 
test, the flask containing about 250 c.c. tar is 
heated in a fusible alloy bath and fractions to 
210°, 230°, 270°, 300°, and 360°C. are collected, 
and the phenols, taken as the volumetric per¬ 
centage of the fractions recorded. Alternatively, 
distillation may be conducted in a fared steel 
still, about 5 litres of the sample being takcai, 
fractions being collected as before. J\yridine 
bases and phenols are extracted from the oils 
distilling to 270°, the former by 25% sulphuric 
acid, and the latter by 10% aqueous caustic 
soda solution, both bcnng volumetrically deter¬ 
mined by neutralising the respective solutions. 
The oil fractions to 270° are cooled to 15-5°C. 
and the naphthalene which separates is trans¬ 
ferred to a Buc'hner funnel, pressed, and w eighed. 
Similarly, the crude anthracene which 8ej)arates 
from the oils distilling between 300° and the 
pitch point is determined. The pitch remaining 
in the still is weighed and the softening point, 
which should normally be 65°-75°C. by the 
Kraemer-Sarnow method, is determined. The 
washed light oils fractions are redistilled and 
the benzole (to 100°), toluole (to 120°), solvent 
naphtha (to 160°), and heavy napldha (to 190°) 
fractions are measured {see also Pitch, Road 
Tar). 

Literature. —A. R. Warnes, “ Coal Tar Distilla¬ 
tion,” 3rd ed.; Lunge, ” Coal Tar ” ; Rosendahl, 

Steinkohlenteer ”; J. M. Weiss, Chem. and 
Ind. 1932, 10, 219, 246; E. Weise, Petroleum, 
1930, 26, 499, 577; “ ^Standard Methods for 
Testing Tar and its Products ” 1938 ; P. 8piel- 
rnann, “ The Constituents of Coal Tar ” ; 
Longmans, Green & Co., British Standard iSpecifi- 
cations (various). F. M. P. 

COBALT Sym. Co, at. w't. 58‘94, at. no. 27. 
Isotopes 57, 59. 

Occurrence. —Cobalt usually occurs combined 
with arsenic or sulphur, and is almost in¬ 
variably associated wu'th nickel and other 
metals. Metallic cobalt occurs in meteorites. 
The most plentiful and important ore of cobalt 
is smaltite or tin white cobalt, CoASg, which 
usually contains some nickel owing to the 
presence of chloanthite, NiAs^, and also 
iron. Sulpharsenide of cobalt, CoAsS, occurs 
as cohaltiie or cobalt glance. As hydrated 
arsenate, Co3As20g,8H20, the metal is 
found in erythrite or cobalt bloom, and as 
sulphide it occurs in linnseite or cobalt pyrites, 
CO3S4. Asbolite, asbolan, or black earthy 
cobalt is essentially wad (hydrated manganese 


oxide) containing a variable quantity of 
cobalt oxide mixed with it, sometimes amount¬ 
ing to 40%, sulphide of cobalt and oxides of 
copper, nickel and iron are frequently present. 
Cobalt occurs in small quantities in many other 
minerals—in pyrites and certain iron ores, in 
mispickel, in sulphide of lead, in ccritc, and in 
some peats and coals. 

The most important source of cobalt is 
Northern Rhodesia, wdiere it oc^cairs as cobalti- 
ferous copper ore in the N’Kana mine of the 
Rhokana Corj)oration; next in importance comes 
the Belgian Congo, whertJ it also ocemrs as 
cobaltiferous copper ore in the Katanga region, 
followed by the Cobalt district in Ontario, where 
smaltite and cobaltite are found abundantly in 
the silver ores, the cobalt minerals running in 
veins. In 8udbury, Ontario, cobalt occurs as 
cobaltiferous pyrrhotite associated with nickel, 
and is recovered as a by-product. Other 
sources are Burma, where nickel sj)eiss carrying 
3-4% cobalt is a by-product from the Burma 
Cor})oration smelting operations, French 
Moro(!co, where it occurs mainly as smaltite, 
and China, where it occurs as {'obaltite and 
smaltite. Asbolite occurs in New" Caledonia 
and also near Port Macquarie in New South 
Wales. Cobalt has also been obtained from 
Schneeberg in Saxony, Joachimstlial in Bohemia, 
Central India, 'Jhinaberg in Sweden, Narimanov 
in Russia, and Cornwall. 

Extraction. —The nudhods adopted for the 
extra{;tion of cobalt from the ores vary with the 
nature of the ores, and as these generally contain 
larger quantities of sonu^ other metal than 
cobalt this latter is obtained as a by-product 
in the form of a speiss containing also arsenides 
of other metals, as a matte containing sulphides 
of other metals, or as a precipitate during wet 
treatment of ores. 

Experiments on flotation concentration have 
given some interesting results. (Starting with 
an ore containing 15-81% Co associated with 
pyrites and sphalerite, the Canadian Govern¬ 
ment Laboratories have succeeded in getting a 
97% recovery of a 24-77% concentrate, and an 
85% recovery of a 29-5% concentrate by 
flotation (J. »S. Godard, Canada Dept. Mines, 
Mines Bramdi, Rep. 728, 1933, 75-76). 

When cobalt ores are treated direct, they are 
smelted in low-pressure blast furnaces or cupolas 
together with fluxes which vary according to 
the nature of the minerals present. When 
silica is present in excess, lime is added, and 
when lime or alumina is in excess silica or a 
siliceous ore is added to the charge. If the 
slag obtained bo too viscous, then fluorspar is 
also added. When arsenides are thus smelted 
a speiss or arsenide is formed, which is tapped 
from the furnace at certain intervals for sub¬ 
sequent treatment. The slag obtained may con¬ 
tain 1 to 2% cobalt, it is re-treated in the 
furnace by which means its cobalt content 
may be reduced to 0*5% or less. With sulphide 
ores, which are uncommon, a similar treatment 
results in the formation of a matte or sulphide 
containing the cobalt which also is subsequently 
treated for the separation of the cobalt. 

During the smelting for sjieiss or matte, a 
certain amount of iron is allowed to go into the 
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product because its presence reduces the amount 
of cobalt able to pass into the slag, and the 
iron is also useful in the subsequent separation 
of arsenic, and in the manufacture of ferro- 
cobalt. 

The spciss as obtained is crushed, finely 
ground, and roasted in a mechanically rabbled 
furnace, the arsenioiis oxide which is driven off 
being condensed in long flues or in some form of 
dust precipitation chamber, coliecded and re- 
sublimed for sale as white arsenic of commerce. 
This roasting is continued until the roasted 
mass contains 10% arsenic, when it is removed 
from the furnace and again ground. The 
material is treated with hydrochloric acid and 
heated and agitated by means of live steam ; 
the cobalt, nickel and copper oxides present 
are ('onverted into chlorides, and the (chlorine 
evolved oxidises the ferric arsenide to ferric 
arsenate, which, being soluble in hydrochloric 
acid, remains in solution. The solution is 
allowed to settle and is then filtered, any 
insoluble compounds including siliceous matter 
being left behind as a residue. The solution is 
nearly neutralised with milk of lime and the 
ferric arsenate is pre(apitated. Should there be 
insufficient iron present to convert all the arsenic 
into ferric arsenate, iron is added to the solution 
as ferric chloride. Any arsenic not precipitated 
by this method, together with any (M)pper 
present, is precipitated by gassing with hydrogen 
Ruljdiide; if the copper is high in quantity, 
it is s(‘parated electrolytically. Any iron not 
previously precipitated is removed by treating 
the solution with milk of lime until neutral 
to litmus and adding bleaching ])owder solution, 
then filtering off the ferric, hydroxide. The 
solution thus obtained contains cobalt and 
nickel chlorides, together with traces of im¬ 
purities, and is of a fine port-wine colour. It 
is treated with milk of lime and bleaching 
powder solution which })recipitateH the (cobalt 
as hydrated oxid(;, Co 2 (OH)g. With care, this 
operation can be so adjusted as to stop at a 
point where the red colour of the solution just 
disapjKJars, leaving a green colour characteristic 
of nickel chloride, thus : 

2CoCl2f CaOCIjd 2Ca(OH)od H^O 

-CoglOHjo+SCaClg 

The green-coloured solution is treated with 
milk of lime, when the whole of the nickel is 
precif)itatod as green nichel hydroxide (T. H. 
Gant, Chem. and ind. 1925, 44, 157). 

The black precipitate of cobalt hydroxide 
obtained as above is transferred to tubs, where 
it is boiled with dilute hydrochloric acid for the 
removal of traces of nickel. It is then filter- 
pressed and roasted, being finally wet-ground, 
again treated with dilute hydrochloric acid, 
washed to remove soluble lime salts and further 
traces of nickel, filter-pressed, and again roasted, 
when it is dehydrated and converted into the 
oxide, COgOg, which is ready for the market 
as such or for reduction to the lower oxide or to 
metal. 

When the product of the first smelting is a 
matte, as from sulphide ores (New Caledonia), 
this matte is carefully roasted at a moderate 
temperature only and the sulphides of the metals 


present, iron, copper and cobalt, thus oxidised 
to sulphates. These sulphates are dissolved in 
water and the iron present is precipitated by the 
addition of the requisite quantity of sodium 
carbonate. The coi)per and any heavy metals 
present are se])arated by hydrogen sulphide, 
which is filtered off. After boiling off the excess 
of hydrogen sul])hide the cobalt is precipitated 
by the addition of sodium hypochlorite (bleach- 
ing-powder cannot be used owing to the presence 
of 8ul})liates ill the solution), and the nickel in 
the remaining solution is jirecipitatcd by sodium 
carbonate. 

At La Panda (Jielgian Congo) the cobaltiferous 
copper ores arc' first smelted for copper in a blast 
furnace and the slag, which contains about 6*5% 
Co, 5% Cu, and 10% Fe, is charged with a 
calcareous flux and a little coke into open 
single-phase electric furnaces taking 6,000— 
8,0(K) amp. The product is an alloy containing 
approximately 28% Co, 80% Cu,and 40% Fe, 
together with a slag which is returned to the 
copper smelting furnace. The up])er electrode 
is of graphite and the lower electrode is embedded 
in the conducting hearth of the furnace. The 
furnace takes 50-cycl(' A.C. at 60 volts and 
consumes about 2,000 kw.-hr. and 8-9 kg. of 
electrode's per ton of alloy produced (R. 8cvin, 
J. four elec. 1927, 36, 17, 211). This alloy is 
exported to Belgium, where it is treated for the 
recovery of cobalt and copper. It is crushed 
and treated with sulphuric acid so that the 
cobalt and iron pass into solution and the copper 
remains as a metallic sponge. Iron is removed 
from the solution by the addition of lime and 
blowing in air, and after further purification 
the resulting cobalt sulphate solution is t'lectro- 
Ivsed (J. Leemans, Chim. et Ind. 1927, 17, 
87). 

Until recent years the only market for cobalt 
compounds was in the ceramic industry, but the 
metal itself is now largely used for electro¬ 
plating and as a (*onstituent of many alloys. 
The cobalt sesquioxide, COgOg, produced as 
above, when heated to a high temperature, 
yiekls the monoxide CoO. Metallic c;obalt is 
produced by heating the oxide with carbon or 
carbonaceous material, starchy matter often 
being used; in this latter case the mixture is 
made into a paste, shaped, and cut into cubes 
which are heated to a high temperature in a 
retort. The metal so obtained is not melted 
down and contains a certain amount of free 
carbon. Cobalt is also produced as a grey 
metallic powder by heating the oxide in a current 
of hydrogen ; if too low a temperature be used 
(250°) the resulting metal will be pyrophoric^ 
igniting and becoming reoxidised in contact 
with air, the ignition temperature being 3° only. 
Carbon monoxide readily reduces cobalt oxide 
at temperatures al)ove 500°, the reduction being 
very rapid at 900°. Reduction with aluminium 
by the thermit process gives a metal containing 
about 0*1% aluminium (Kalmus, J. Ind. Eng. 
Chorn. 1914, 6, 107). Pure cobalt may be 
obtained as a powder by heating cobalt oxalate, 
Co (CO 2 ) 2 - A button of the pure metal may be 
obtained by fusing the oxalate alone or a mixture 
of the oxide and charcoal under a layer of 
suitable glass ; the fusion is preferably 
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performed in a lime or magnesia cniriblc at the 
highest temperature of the furnace. Pure 
cobalt may also be obtained by electro-deposition 
from a suitable electrolyte and by heating cobalt 
carbonyl. 

Pkoperties.— Cobalt is a brilliant silver- 
white metal with a slight bluish tinge. It ranks 
next to iron as a magnetic metal and retains 
its magnetism at high temperatures; above 
Ll(X)'‘-l,lf>d'^» however, it becomes para¬ 
magnetic. There are two allotropic modifica¬ 
tions of cobalt; a-eobalt exists at ordinary 
temperatures and has a stable, close-pat'ked, 
hexagonal lattice, l)ut at 40(P /3-cobalt is 
formed, whidi is stable above this temperature 
and possesses a face-centred cubic lattice. Both 
varieties may exist side by aide at ordinary 
temperatures, but a-cobalt is the stable form 
and /3-cobalt the unstable form. Cobalt melts 
at 1,480° and boils at 2,375730 mm. Its spedfic 
gravity is 8*756 as cast, 8*81 after anmvaling, 
and 8*925 after swaging. It is harder and more 
tenacious than iron, its Brinell hardness number 
varying between 124 and 130, its tensile strength 
being about 34,400 lb. per sq. in. in the cast state, 
36,980 lb. in the annealed condition, and 100,000 
lb. after rolling, and its compressive strength as 
cast 122,000 lb. per sq. in., after annealing 
117,200 lb. per sq. in. Eleclrodeposited cobalt is 
harder than the ordinary metal, its Brinell 
number being 270-311, according to conditions 
(McNaughton and Hothersall, J. Electrodep. 
Tech. Soc. 1930, 5, 63). The electrical resist- 
an(‘e is 6*4xl0~® ohm per cm.^ for pure 
metal, and 8*96xl0~® for 99*73% samples; 
the specific heat between 15° and 100° is 
0*1053. The presence of from 0*06 to 0*3% 
carbon in the metal increases the tensile and 
compressive strength and the electrical resi8tan(;e 
but has little effect on the hardness. Pure 
cobalt may be machined in a lathe as readily as 
pure iron or nickel, but it is somewhat brittle; 
cobalt containing a small quantity of carbon 
machines like mild steel, and whilst pure cast 
cobalt cannot be swaged without cracking, 
the metal containing r^arbon may be rolled or 
swaged down from the cast state provided these 
operations are carried out on the hot metal. 
It is soluble in hydrochloric and sulphuric acids 
with evolution of hydrogen, and rapidly soluble 
in nitric acid ; it is not attacked by hot or 
cold alkali, but if used as an anode in the 
electrolysis of alkaline electrolytes it passes 
into solution as colloidal cobaltous oxide. 
Cobalt occludes from 60 to 150 times its own 
volume of hydrogen, the amount varying 
with the mechanical condition of the metal. 
When heated, the pow^dered metal combines 
with chlorine, bromine and iodine. It decom¬ 
poses steam at a red heat and if finely divided 
ignites when heated in oxides of nitrogen, 
and in a current of ammonia gas at 470° forms a 
nitride, Co^No, which decomposes at 600°. 
Compact cobalt does not oxidise in air at 
ordinary temperatures, but it becomes super¬ 
ficially oxidised at a red heat; sulphur unites 
with red hot cobalt to form sulphide. When 
finely-divided cobalt is heated to 150°-200° 
in carbon monoxide at 100 atm. pressure, 
orange-red crystals of cobalt carbonyl. 


Co 2 (CO)g, are formed which melt at 51°, are 
soluble in alcohol or ether but insoluble in 
water, and decompose above 52° yielding 
Co (CO),, w hich further decomposes at 100° 
(v. CARBONYJ.S). Cobalt may be deposited 
as a fine lustrous coating on metals l)y the 
electrolysis of a neutral solution of the double 
sulphate of (‘obalt and ammonium. Deposited 
on (liatomitc biick, cobalt is a good catalj^st 
for the hydrogenation of ethylene, causing rapid 
reaction at -20° (Pease ancl Stew'^art, J. Amer. 
Chem. Soc. 1927, 49, 2783). 

Detection and Estimation. —See Chemicae 
Analysis (Vol. II, pp. 553, 578, 580, 612, 656). 

Ai.LOYS of (/OUALT. 

Copper .—Cobalt forms w'ith copper a 
scries of alloys containing no definite chemical 
compounds. Two scries of solid solutions 
are fornu'd containing respectively 0-10% and 
95*5-100% copper, and alloy\s between these 
limits consist of conglomerates of the two 
sets of solid solutions, soIidifi(!ation being 
complete at 1,105° ; in these alloys also the 
magnetic (hange is lowered to ],050° ; alloys 
containing 99% coppew arc magnetic. (R. 
Sahmen, Z. anorg. Chem. 1908, 57, 1). The 
Brinell hardness mimber of the series increases 
with additions of cobalt to copper from 28 
for pure (‘opp(T to 180 for the alloy con¬ 
taining 90‘/o cobalt. Cobalt has a marked 
effect on the electrical properties of copper, 
the 8pe<‘ific resistant'C increases rapidly up to 
3*2% cobalt, at which figure the resistance 
reaches 9*45 mic'rohms per cm.^ at 20°. 
The addition of 3 to 5% cobalt gives alloys 
with a minimum temperature coefficient of 
resi.stancc of about 0*00077 and a maximum 
thermoelectric effect of 33 microvolts for 1° 
dilfcrenco of temperature. Copper alloys con¬ 
taining 1“6% cobalt are remarkably ductile, 
malleable and tenacious. 

Cold .—Molten gold and cobalt are miscible in 
all proportions, the freezing-point curve of the 
series having two branches meeting at a eutectic 
at 997° containing 90% gold, fcjolid solutions 
are formed containing 0-5*5% and 96*5-100% 
gold. All the aUoys arc magnetic, the magnetis- 
ability falling off with increasing percentages of 
gold, rapidly at first, then more slowly. 

Zinc .—With zinc, cobalt forms a series of 
solid solutions containing 0*5 to 18*5% cobalt. 
The saturated solution contains 13*4% cobalt 
and a eutectic containing 0*5% cobalt solidifies 
at 413°. The compound CoZn 4 is formed 
at 18*46% cobalt with a melting-point of 
873°. 

Aluminium .—Cobalt and aluminium form a 
series of alloys of which the freezing-point curve 
has been determined by A. G. C. Gwyer (Z. anorg. 
Chem. 1908, 57, 140). This curve shows a 
maximum at 1,628° and 68*5% cobalt corre¬ 
sponding to the compound Co AI and two 
breaks at 1,165° with 38% and at 940° with 20% 
cobalt. There are two series of solid solutions 
containing respectively 68*5 to 90*5 and 90*5 to 
100% cobalt. There is a minimum on the 
curve at 1,375° and 90*5% cobalt. The com¬ 
pound Co AI on cooling reacts with the liquid 
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maR8 in alloys containing less than 68*5% 
cobalt at 1,165° to form the compound Co 2 Alg, 
and again at 940° to form C 03 AI] 3 . A eutectic 
occurs at 654° containing about 1% cobalt. 
The solid solubility of cobalt in aluminium is less 
than 0-02%. 

Tin .—("obalt and tin are miscible in all 
proportions in the molten state and tlie freezing- 
point (uirvc has been determined by K. Lewkonja 
(Z. anorg. Chem. 1908, 59, 294). lliis curve 
shows that when solid, the maximum amount of 
cobalt soluble in tin is 3-5%. There is a first 
eutectic at 1,088° and 34% tin and the eutectic 
line extends from 3-5% to 48% tin, at which 
point COgSn forms and freezes at 1,151°. 
There is a sec'ond compound CoSn, whi(4i 
forms at 950°; this compound undergoes a 
polymorphic change at 536°. A second eutectic 
freezes at 230° with less than 1% cobalt and 
(Xicurs in all alloys Ixitween pure tin and the 
compound CoSn, containing 66% tin. 

Chronuuw .—(kjbalt and chromium arc 
mutually' soluble both in the li(juid and in the 
solid state. At a temperature of 1,320° the 
liquid us curve shows a minimum at approxi¬ 
mately 47% cobalt. Alloys containing 45-85% 
chromium undergo a reaction at 1,225°, at this 
temperature the homogeneous solid solution 
breaks down into two solid solutions. Alloys 
containing 0-45% ('hromiiim show a polygonal 
structure containing col)aIt-ri(4i cores, the 
chromium increasing from the centre to the 
outside. In alloys containing more than 55% 
chromium the clironnum content of the grains 
decreases from th(j centre to the outside. At 
room t(‘mf)(‘ratures the alloys containing up to 
25% chromium arc magnctisable and the 
temperature at which loss of magnetism 
occurs decreases rapidly with increasing 
(dironiium content, the addition of 10% lowers 
the transformation temperature from 1,056° 
for pure cobalt to 686°, 15% to 300°, whilst the 
addition of 25% lowers it to below room 
temperature. 

Ternary Alloys .—Chromium alloys, together 
with the ternary alloys containing cobalt, 
chromium, and tungsten, or molybdenum or the 
cjuatemary alloys containing all four of these 
metals, constitute an important class which are 
known under the name Siellite^ from the Latin 
Stella, for a star, chosen becuiuse of the brilliant 
polish such alloys take, and retain when exposed 
to ordinary atmospherie conditions. The 
straight binary alloys of cobalt and chromium 
can be cast into bars or other forms and are 
almost file-hard. They are slightly malleable 
when cold and distinctly so when hot, and can be 
further hardened by heating to redness and 
quenching in water. An alloy containing 
70% cobalt, 25% chromium, and 5% tungsten is 
a distinctly harder alloy which forges at a red 
heat and takes a good cutting edge ; this alloy 
is suitable for cold working tools such as chisels 
and wood-working tools. Much harder alloys 
are obtained by increasing the tungsten to 20%, 
at which point they can only bo forged to a 
limited extent; and by increasing the tungsten 
to 25%, giving an alloy containing cobalt 60%, 
chromium 15%, and tungsten 25%, a very hard 
alloy is obtained which cannot be forged but is 


cast into bars which are subsequently ground 
and used as cutting tools for stool and cast 
iron. Molybdenum produces much the same 
effect as tungsten and the addition of 10% 
makes an excellent lathe tool. An alloy con¬ 
taining cobalt 45%, chromium 15%, and 
molybdenum 40% is v('ry hard, cuts glass, and 
will even scratch quartz. A common range 
for the composition of stellite is cobalt 45-50%, 
chromium 25-30%, tungsten 15-20%, and 
carbon 2*5-2-75%. For cutting tools this may 
be used as cast bars or as tips which are brazed 
to shanks and blades fitted into slots in milling 
and boring heads. It has also been used for 
giving hard tips to picks, for the hard-facing of 
dies, and for facing aeroplane tail skids and the 
steel rings of cement kilns. Stelliting is the 
operation of depositing a layer of the alloy on 
steel or cast-iron by means of the oxyacetylene 
torch, the atomic hydrogen torch, or the electric 
arc, to form a hard wear-resisting surfiice. A 
new electro-chemical method of cladding 
ferrous products with stellite is described 
by B. H. Bogers (Jnd. Eng. Chem. 1935, 
27, 783). Widia is another cobalt alloy con¬ 
sisting of tungsten carbide containing about 6% 
cobalt. It is used for lieavy-duty lathe work 
and the turning of glass and bakelite, and is 
probably the hardest known alloy. 

Iron .—Cobalt is an important constituent in 
certain steels, especially magnet steels, and when 
the metal is destinc'd for use in the steel industry 
it is generally obtained as a mixture of iron 
and cobalt known as fcrro-cobalt. This is 
marketed in the form of cubes containing from 
10-15% iron /ind 80-90% cobalt. 

Nickel .—^\Vith nickel it. forms a series of 
solutions both in the liquid and solid condition. 

Cobalt .—Cobalt dissolves 3*9^o carbon at 
1,7(M)°, and at the eutectic temperature 1,300° 
cobalt retains 0*82% ('arbon in solid solution. 
The eutectic is found to contain only metallic 
cobalt and graphite but no carbide. 

ELECTKorLATINO. —Chbalt is used for electro¬ 
plating purposes owing to the. pleasing colour 
and resistance to tarnish of the deposited 
metal. Jt has been considered that cobalt 
deposits are harder than nifhel deposits, but 
D. J. Macnaughtan (J. Iron and Steel Inst. 
1924, 109, 410) has showui that under varying 
conditions the Brincll hardness of cobalt 
deposits may vary between 270 and 311, that of 
nickel deposits may vary between 180 and 420. 
A suitable bath contains 565 g. cobalt sulphate 
(crystal), 20 g. sodium chloride, and 30 g. 
boric acid per litre. A current density of 100- 
160 amps, per sq. ft. may be used and the 
plating may bo carried out more rapidly than 
with nickel (Brass World, 1926, 22, 303). 

Cobalt as a Catalyst. —An account of the 
reactions of olefins in the presence of metals 
has been given by G. Egloff and C. 1. Parrish 
(Chem. and Ind. 1937, 56, 321) in which cobalt is 
included. A cobalt catalyst prepared by 
calcining the nitrate on pumice followed by 
hydrogen reduction was heated in a current of 
ethylene (Walker, J. Phys. Chem. 1927, 31, 
961), no liquids were found up to 545° while 
much carbon was deposited. At 400° there was 
40*5% decomposition yielding mostly hydrogen 
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and a small amount of ethane, while at 545° there 
was 97'4% decomposition into a gas containing 
principally hydrogen, a small amount of ethane, 
and 13 0% methane. Reduced cobalt has no 
effect upon ethylene at ordinary tem])erature, 
but above 360° the gas was dec'omjjoscd into 
hydrogen, ethane, and carbon witli small 
quantities of benzene and its homologues. It is 
less active than nickel but acts similarly 
(iSabatier and Senderens, Compt. rend. 1897, 
124, 616, 1358; 1900, 131, 267; Ann. Chim. 
Phys. 1905, [viii], 4, 436). 

Compounds of Cojult. 

Oxides.—There are three well-defined ox ides of 
cobalt, namely, cobaltous oxide, CoO, eobaltosic 
oxide, CO 3 O 4 , and cobaltic oxide, CO 2 O 3 . 
Cobaltous oxide is obtained when cobalt is 
burnt in oxygen or when oxygen is blown 
through the molten metal. It is also obtained 
by roasting the powdered metal in air, by 
heating cobaltous hydroxide below 350° in a 
current of hydrogen, or by heating the hydroxide 
or carbonate in air. It varies in colour from 
greenish-grey, red, brow n, to black, according 
to method of preparation and size of grain. 
Cobaltous hydroxide^ CofOHjg, is precipitated 
when potassium hydroxide is added to a 
solution of a cobaltous salt out of contact with 
air as a blue or rose-red precipitate, the 
blue is considered to be CoO,H 20 , and 
the rose Co(OH) 2 , the latter gradually turns 
brown in contact with air forming cobaltic 
hydroxide Co(OH) 3 . Cobaltosic oxide is 
formed superficially when metallic cobalt is 
heated in air or by heating cobaltic oxide or 
hydroxide in air; when the product is heat(‘d 
in hydrogen it is reduced first to cobaltous oxide 
and then to metal. Cobaltic oxide is formed 
when a concentrated solution of cobaltous 
chloride mixed wdth potassium chlorate is 
evaporated to dryness, heated to a temperature 
of about 250°, and then extracted with water. 
On heating to 265° it decomposes, leaving 
CO 3 O 4 , and at a high temperature yields CoO. 
Impure forms of hydrated cobaltic oxide are 
found in various minerals and the oxidation of 
cobaltous salts in acid or alkaline solutions 
yields these compounds, the composition of the 
hydrate depending on the concentration and tem¬ 
perature of the solution and the nature of the 
oxidising agent used. The preparation of a 
number of definite hydrates has been reported, 
including 300 , 03 , 2 HgO ; Co 203 ,H 20 ; 

2Co,03,3H20; 3C02Og,5H2O; Co203,2H20; 

00263,31420. 

Cobaltous oxide is used for the preparation of 
the salts of cobalt and also of smalt the glass 
obtained by heating the oxide with certain 
fluxes such as sand. It is also used by enamellers 
and porcelain manufacturers for the production 
of the finest blue glaze and colour on porcelain 
glass and other vitrifiable substances. The 
presence of of oxide imparts a bluish 

tinge to clear glass. The presence of other 
oxides has an injurious effect on the colour 
produced by this substance ; it is therefore 
necessary, for the more dehcato work, to ensure 
its complete freedom from such impurities. 


When heated with magnesia it produces a 
pink mass ; with alumina, a fine blue (Thenard’s 
blue), and with zinc oxide a green (Kinmann’s 
green). Zaffre is obtained by heating a mixture 
of roasted cobalt ore w ith sand to a temperature 
below the melting-point, {w infra, p. 219c). 

Pigments containing Cobalt.— Thenard's 
Blue, Cobalt Blue, Cobalt Ultramarine, 
Kinifs Blue or Azure Blue. —The comjwsition 
of this pigment varies considerably according 
to the methofl of manufacture. The original 
Thenard’s blue was prepared with phosphate 
or arsenate of cobalt and alumina, but now 
cobaltous oxide and alumina are practically 
always used. Using the original method, it 
may be prepared by precipitating a solution of a 
cobalt salt, usually the nitrate free from iron and 
nickel, with potassium or sodium phosphate or 
with sodium arsenate. The gelatinous violet 
precipitate is thoroughly washed and well 
mixed with 3-5 volumes of freshly precipitated, 
well-w'ashed alumina pre(‘ipitated from a solution 
of alum free from iron by the addition of sodium 
carbonate. The mixture is dried and calcined 
at a cherry-red heat in a well covered clay 
crucible. When the desired blue c()lour has 
developed the mass is ground in water and dried. 

A similar product may be obtained by the 
simultaneous precipitation of the oxides of 
cobalt and aluminium by the addition of sodium 
carbonate to a mixture of cobalt nitrate and 
alum; the mixed precipitate is washed and 
heated as above. 

According to Hedvall (Arkiv. Kemi, Min., 
Geol. 1914, 5, No. 16, 1), cobaltous oxide and 
alumina are preferably ignited in presence of 
potassium chloride as a flux. When the cobal¬ 
tous oxide is in excess the resulting product 
can be obtained pure by treatment with water 
to remove the flux and with hydrochloric acid 
to remove the excess of cobalt oxide. At 1,100° 
the blue aluminate, CoO,Al 203 is formed; 
at temperatures above 1 , 100 ° a green aluminate, 
4CoO,3Al203, is produced. Wagner and 
Vanino found that cobalt sulphate could be 
used instead of })ho 8 phate and that the alumina 
was most suitably introduced as ammonium 
alum. To 22 parts alum were added 2-5 to 
5 parts cobalt sulphate and 0-3 parts magnesium 
or zinc sulphate; the mixture was melted in its 
water of crystallisation and constantly stirred 
until dry, after which it was heated to the 
required temperature (L. Vanino, Chem.-Ztg. 
1911,35, 497). 

The Thenard’s blue colours include the 
range of blues known as “ Matt ” blues. These 
are prepared by heating cobalt oxide with 
ammonium alum or potash alum and alumina 
with the addition of varying quantities of zinc 
oxide. From 20-30% of zinc oxide helps to 
weld the colour to the body in the ceramic 
industry without destroying the blue (T. H. 
Gant, Chem. and Ind. 1925, 44, 160). 

Thenard’s blue is of a fine ultramarine 
colour ; the presence of excess cobalt imparts a 
somewhat greenish tinge, it has, however, 
the disadvantage of appearing violet by gas¬ 
light. It is one of the most permanent blue 
pigments, being unaltered by acids or alkalis, 
and is largely used as an oil and water colour, 
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but works better as water colour. It is non- 
poisonous and has the advantage of miscibility 
with other pigments without alteration. 

Cwruleum, ca3lino or bleu c^deste, is a corre¬ 
sponding colour containing oxides of tin and 
cobalt and calcium sulphate or silica. It is 
prej)arod by heating together cobalt sulphate, 
tin oxide, and precipitated silica or chalk and 
its general composition may be oxide of tin 
49-60, oxide of cobalt 18-66, calcium sulphate or 
silica 31-68. Jt may also be prepared by pre¬ 
cipitating a solution of cobalt nitrate with 
sodium stannate and heating the precipitate as 
above. It is a fine light blue pigment of slightly 
greemish tinge, of greater density than Thenard’s 
blue, and retains its colour in artificial light. 

New Blue is a blue pigment of shade varying 
from a pale greenish-blue to a deep turquoise 
blue, largely used for enamels, it consists of 
aluminates of cobalt and chromium produced 
by the action of alum on carbonates and 
hydroxides of cobalt and chromium, and the 
subsequent firing of the resulting precipitate. 

Cobalt GreeUy Himnanns Green .—The eori- 
stitution of this pigment ('orresj)on(lH w'ith 
that of Thenard’s blue with the substitution of 
zim^ oxide for alumina. It has been shown 
to be an isomorphous mixture of cobalt zincate 
(CoO-2nO) with zinc oxide which cannot be 
chemically sej)ara,ted (J. A. Hedvall and 
Nilsson, Z. anorg. (.'hem. 1932, 205, 425). 
It may be propartnl by mixing a solution of 
j)ure cobalt sulphate (or nitrate) into a paste 
with zinc oxide and heating in a muffie furnace 
for 3 or 4 hours until the desired colour is 
obtained. Pigments of a more uniform nature 
are produced by the precipitation of a mixture 
of solutions of zinc and cobalt salts by means of 
sodium carbonate, phosphate, or arsenate, 
drying and heating the precipitate. The 
phosphate is said to give a purer and brighter 
green colour than the carbonate. 

Hinmann’s green is a fine permanent pigment; 
its colour varies through many shades, according 
to the proportion of zinc oxide present, the 
darker gretms c;ontaining less of that substance. 
It is non-poisonous and unacted upon by dilute 
acids or alkalis, but is attat'ked by ammonia. 
It has also the advantage of not affecting, or 
being affected by, other pigments. 

Turquoise Green is another permanent green 
pigment prepared by firing a mixture of cobalt 
oxide, alumina, and chromium oxide, or some¬ 
times the following proportion of freshly pre¬ 
cipitated substances are fired: C 0 CO 3 20, 
AI 2 O 3 40, CPgOg 20. 

Cobalt Bronze is an ammonium cobalt phos¬ 
phate of a violet colour, with a bronze-like 
metallic lustre. 

Cobalt Yellow^ Fischer’s salt, aureolin, Indian 
yellow, consists of potassium cobaltiiiitrite 
prepared by the addition of potassium nitrite 
to a solution of a cobalt salt acidified with 
acetic acid. Its composition varies with the 
proportions used and the strength of the 
solution. Erdmann and Sadtler found that 
when precipitated from a solution containing 
much acetic acid, it consists of KaCo(N 02)6 
with a variable amount of water. It is a bright 
yeUow crystalline powder, very free from 


impurities, unacted upon by cold water or cold 
acids, and but slowly blackened by sulphuretted 
hydrogen, it forms a fine pigment for artistic 
purposes and when used for painting porcelain 
it produces on baking the usual blue colour, 
which is of great beauty. 

Cobalt Brown is produced by ealenning a 
mixture of ammonium, ferrous, and cobalt 
sulf)hate 8 . 

Cobalt lied is produced by heating a mixture of 
magnesia and cobalt oxide. Solid solutions are 
formed the colour of which varies with the 
proportions of the oxides from light to dark red 
(Hedvall, Z. anorg. Cliem. 1914, 86 , 296). 

Small^ Bleu d'Azur^ Bleu de Saxe .—This 
important substance consists essentially of a 
potassium silicate glass coloured with cobalt. 
In the pre])aration of smalt in Saxony, smaltinte 
is principally used. In Norway and Sweden 
the prin(;ipal ore is cobaltite. The general 
])rocess is the same for both ores. The selected 
ore is powdered, freed from the lighter earthy 
impurities by a process of washing or con¬ 
centration and roasteil in a reverberatory or 
muffle furnace. The arsenic and sulphur are 
expelled as oxides, the f(.)rmer being condensed 
in chambers. The roasting should be continued 
until only sufficient arsenic is left to combine 
with the less oxhlisable metals, especially copper 
and nickel, while the greater part of the cobalt 
is converted into oxide. The product is known 
as zafl're or zafiler, w-hieh is sometimes con¬ 
sidered as a crude oxide of cobalt and some¬ 
times as a basic arsenate and is used for ]>ainting 
on pon-elain. Towards the end of tlu^ process 
of roasting a small portion is ociasionally 
tested and the process stoj)ped when the 
finest tinted glass is produced. The material 
is then ready for fusion for “ smalt.” 

The fiuxes used consist of powdered quartz 
and potassium carbonate. They must be very 
pure, as the presence of lime or many other 
substances impairs the beauty of the colour. 
The proportions of the ingredients vary accord¬ 
ing to the richness of the ore and the colour 
required. I'he potassium carbonate used 
generally amounts to about one-third of the 
weight of the zaffre and quartz together. 
White arsenic is sometimes added to reduce any 
ferric salt and thus prevent the injurious effect 
of that substance on the smalt and otherwise to 
heighten the colour of the product. The 
exact amount of each substance is found by a 
test fusion and comparison with a smalt of the 
reejuired (colour. 

The mixture is melted dowm in crucibles or 
pots made of very refractory clay, free from 
lime; these pots are strongly heated and the 
mass fuses in about 8 hours, it is frequently 
stirred to render it homogeneous and to break 
the crust which forms on the surface. The 
quartz and potash react with the formation of 
fusible potassium silicate, which dissolves 
the cobalt oxide forming the blue smalt, while 
the mixed arsenides of nickel, copper, and iron 
with the small quantity of cobalt arsenide 
which is always present fuse and form a brittle, 
metalhc-looking speiss beneath the smalt. 
This usually contains about 3% cobalt and a 
considerable quantity of nickel and these are 
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recovered. The mass is left at a high tempera¬ 
ture for some time without stirring, to allow' 
the apeiss to settle, and the smalt ia then latUed 
out into vessels of cold water. It is thus 
rendered granular, brittle, and easy to pulverise. 
The blue glass is next ground under water 
and the product passed through a series of 
depositing vats for sizing, the coarser portions 
being reground and the finest portions being 
remelted if necessary. Tlie marketable portions 
are dried and sifted. The presence of oxides 
other than those of cobalt and potash, even in 
small quantities, exerts a powerful influence on 
the colour of the smalt. Baryta produces an 
indigo tinge; sodium, calcium and magnesium 
produce a reddish shade ; iron, a blackish-green 
very prejudicial to the brighter coloured smalts ; 
manganese, violet; nickel, violet, but less intense; 
copper, zinc, bismuth and antimony, dull 
shades. 

The composition of smalt varies considerably ; 
the silica is usually from Ijfl-TU’X), pt>tash 12- 
22 %, cobalt oxide 6-16% ; it frequently contains 
small quantities of alumina, ferrous oxide, and 
lime. ISmalt is a very permanent blue j)igment 
largely used for the production of blue colours 
with vitreous substances. It was formerly used 
for colouring starch, paper, etc., but for this 
and many other jmrposes it is now' almost 
superseded by artiticial ultramarine, which, 
however, is far less permanent. 

Uses of Cobalt in the Ceramic Industry. 
—In the form of oxide, cobalt is largely used 
in the ceramic industry in three main ways: 

(1) As a body stain, (2) as a glaze stain, and 
(3) as an underglaze or on-glaze stain, 

(1) As a body stain cobalt is used because the 
clays used for nearly all pottery bodies contain 
iron which gives a yellow tinge to the fired goods. 
The added cobalt countt;racts this by pro¬ 
ducing a complementary blue coloration which 
neutralises the yellow and gives a pure white 
colour. For carrying out this pro(!ess black 
oxide of cobalt is mixed with about 10% of 
china clay, thoroughly ground with water, 
and passed through a 200-mesh sieve. The 
product is added to the pottery body in the wet 
state in the jiroportion of about 1 lb. cobalt 
oxide to 1 ton of dry pottery body. Tht^ 
exact quantity necessary is determined by 
trial. Sometimes the cobalt is added as 
chloride. For colouring bodies various shades 
of blue, cobalt oxides in larger quantities are 
used. In combination with oxides of manganese, 
nickel, and chromium, all shades of blue and 
green may be obtained with cobalt oxide. 

(2) As a glaze stain the use of cobalt is most 
widely known in j)ottery manufacture because 
of the rich blue colours possible. The charac¬ 
teristic royal blue colour is obtained by 
adding 5% cobalt oxide to a glaze of high lead 
content. The oxide may be introduced either 
in the raw state or after fusing with a soft frit 
in a crucible, running into water, and grinding 
with the necessary quantity of glaze. All 
shades of blue, blue green, celadon glazes, etc., 
may be made by mixing the cobalt oxide with the 
oxides of iron, chromium, manganese, copper, 
and nickel. 

(3) For under glazes or on-glaze colour stains 


either smalt blue, which gives an intense 
violet-blue colour characteristic of cobalt 
silicate, or Thonard’s blue, a rich turquoise 
blue characteristic of cobalt aluminate, may be 
used. 

Enamels. —In the form of smalt cobalt is 
used for the colouring of blue enamels. The 
oxide is also used in small quantities in the 
production of white enamels, thus neutralising 
any yellow due to the presence of iron. By 
the addition of cobalt oxide to certain raw 
mixtures and waste enamels a beautiful blacJt 
niamel is produced wdiich w hen added to other 
black enamels intensifies the colour; the com- 
])ounds such as silicate, aluminate, and phosphate 
are largely used, as they give a more uniform 
colouring than the oxide. Cobalt oxides up to 
0*5% are also used in the preparation of ground 
enamels for enamelling iron vessels. These 
oxides are found to increase the adherence of 
the enamtds (T. H. Gant, t.c.). 

Sulphides. — Cobaltous .sulphide, CoS, is 
formed w’hen sulphur is projected on to red hot 
cobalt, its formation being alttuKled by incan- 
desetmee and liision. The freezing-})oint (aii've 
of the systtnu Co-S has been determined 
up to 33 ' 0 % sulphur by K. Friedrich 
(Metallurgie, 1908, 5, 212) and hidicates the 
formation of the compounds CO 4 S 3 , Co^Sg, and 
CoS. I'he following sulphides have also been 
reported by various w orkers; COgS, CO 3 S 4 , 
COgSg, CoSg, and COgS^. 

Arsenides.—The compound C0AS3 occurs 
in the mineral skuiierudUc in Norway, and 
CoASg occurs in the important mineral smaltite. 
The freezing-point curve of the Co~As series 
has i?idicated the existence of the compounds 
CO 5 AS 2 , COgAs, COgASg, and CoAs (K. 
Friedrich, Metallurgie, 1908, 5, 150). The 

compounds COgAsg, Co As, and COgAsg have 
been prepared by Biicelliez (Compt. rend. 1908, 
147, 424). 

Anti mon ides.—The compounds CoSb and 
CoSbg have been indicated during the examina¬ 
tion of the Co-Sb scries by Ducelliez (Compt. 
rend. 1908, 147, 1048). 

Nitrides.—The nitride COoN is described by 
Beilby and Henderson (J.C.S. 1901, 79, 1261) ; 
the nitride COgNg by Vournasos, Compt. rend. 
1919, 168, 889; cf. Bergstrom, J. Ainer. Chem. 
80C. 1924, 46, 2631). The azide Co (N 3)2 is 
highly explosive (Wohler & Martin, Ber. 1917, 
50, 586.) 

Silicides.—When metallic cobalt is heated to 
1,20(F-1,300'^^ in silicon tetrafluoride vapour, the 
compound COgSi is formed as grey metallic 
crystals. This same compound, together with 
CoSi and CoSig, has been prepared in electric 
furnaces. Other silicides have been reported 
by Jenge (Z. anorg. Chem. 1921, 118, 105). 

Carbonyls. —There are two carbonyls of 
cobalt, the tetracarbonyl, C 02 (CO)g, and the 
tricarbonyl, Co(CO) 3 . The tetracarbonyl is 
prepared as follows: cobalt oxalate is heated 
until completely converted into the oxide, which 
is then washed free from traces of chlorides 
which hinder the formation of the carbonyl, 
and dried at 120°. The oxide is placed in a 
suitable apparatus and reduced to cobalt by 
means of hydrogen at 300°, and a pressure of 5 
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atmospheres. After reduction is complete the 
hydrogen is displaced by carbon monoxide, the 
pressure being increased to from 40 to 250 
atmospheres and the temperature reduced to 
]50°-250°, when varying fpiantities of carbonyl 
are colleetcfl in a tube attached to the outlet of 
the apparatus and immersed in a freezing mixture. 

The tetracarbonyl forms orange-coloured 
crystals of sp.gr. ]'73 which melt at 51° and 
decompose above that Omipcraturc. It is 
insoluble in water but is soluble in most organic 
solvents and in nickel carbonyl. It is not 
attacked by aqueous acids, but concentrated 
acids and the halogens decomf)ose it forming the 
corresponding salt, carbon monoxide, and 
hydrogen : 

C02{CO)ft+2H2SO4-2C0SO4+8CO+2H2 

In contact with air, a de(q) violet-coloured 
compound is formed which is most probably a 
hydrated basic carbonate. The, crystals are 
bc‘ 8 t preserved in a sealed tube in an atmosphere 
of carbon monoxide. When the tetra<varbonyl 
is heated to 60° one quarter of the carbon mon¬ 
oxide is evolved at a re'gularly decn'asing rate, 
leaving cobalt tricarbonyl, no intermediate 
j)roduct being formed. When heated to 100°, 
one-quarter of the carbon monoxide is evolved 
almost instantaneously, the rest coming off 
very irn'gularly and com}>arativcly slowly 
{Mond, 11 irtz, and Cowap, J.C. 8 . lit 10 , 97, 798). 

Nitric oxide reac'ts with cobalt tetracarbonyl 
slowly at ordinary temperature, but instan¬ 
taneously at 40°, partly decomposing it into 
tricarhonyl and carbon monoxide and partly 
converting it into the nitroso-tricarbonyl 
Co(CO);jNO, which is a cherry-red mobile 
liquid (Mond and Wallis, 1922, 121, 33). 

Salts of Cobalt. —The soluble salts of cobalt 
are prepared by the solution of the oxide, 
carborifite or metal in the various acids. They 
are generally pink and deliquescent, forming 
pink solutions when dilute, but when dried or in 
concentrated solution they arc blue. For this 
reason solutions of chloride or nitrate of cobalt 
arc used as sympathetic inks, such writing being 
almost invisible until brought near a fire, 
when the letters appear blue. They gradually 
reabsorb moisture and against become invisible. 
This change in colour has also been used for 
preparing “floral hydrometers” by tinting 
artificial flowers which in damp w^cathcr remain 
pink but in dry weather turn violet or blue. 

When ammonia is added to solutions of cobalt 
salts oxygen is absorbed, giving rise under 
various conditions to many complex scries of 
salts containing ammonia and known as cobalt- 
ammine salts which have received much atten¬ 
tion {v. Coordination Compounds) . 

CobaUous fluoride, CoFg, is prepared by 
heating the chloride with ammonium fluoride 
in a current of hydrogen fluoride, and forms 
rose-coloured prisms slightly soluble in water 
(Poulenc, Compt. rend. 1892, 114, 1426). The 
hydrated fluoride, CoF 2 , 2 H 20 , is prepared by 
dissolving the oxide or carbonate in hydro¬ 
fluoric acid ; on evaporation rose-red crystals 
of the above composition are deposited 
(Edminster and Cooper, J. Amer. Chem. Soc. 
1920, 48, 2419). 


Coballic fluoride, C0F3, has been prepared 
by (). Ruff (Z. angew. Chem. 1928, 41, 739) 
and by O. Ruff and E. Ascher (Z. anorg. Chem. 
1929,183, 193) by the action of fluorine on cobal- 
tous chloride in a cjuartz tube at 150°., When 
heated to 250° in hydrogen it is reduced to 
cobaltous fluoride, the reaction being complete 
at a red heat. 

Cobaltous chloride, C 0 CI 2 , is obtained by 
warming powdered metallic cobalt in chlorine 
gas; it ignites, forming blue crystalline scales of 
the anhydrous salt which can be sublimed in a 
current of chlorine. It is also prepared by 
dissolving the oxide or carbonate in hydro¬ 
chloric acid and evaporating the solution. 
According to the temperature at w^hich it 
crystallises, it may contain 6 , 4, or 2 molecules 
of water of crystallisation, the last at the 
higher temperatures. The (commercial salt 
contains 6 molecules of water and is violet in 
colour. 

Cobaltous bromide, CoBrg, is formed as a 
green fused mass of the anhydrous salt when 
t)rornine vapour is passed over metallic cobalt 
at a red heat. This salt absorbs wafer from 
the atmosphere, yielding a dark red liquid 
owing to the formation of CoBPg.BHgO. 

C'obalto'iis iodide, Colg, is produced in the 
anhydrous state by heating metallic cobalt in 
iodine vapour. It. is also obtained with evolu¬ 
tion of heat when firudy-divided cobalt is w'armed 
wdth iodine and water. 

Cobaltous sulphate, CoS 04 , 7 H 20 , is pre¬ 
pared by the solution of the oxide or carbonate 
in dilute aul])huric acid. It crystallises in red 
crystals isomorphous w’ith magnesium sulphate 
soluble in 24 part s of cold water. The following 
hydrates CoSO^.GHgO, C 0 SO 4 . 4 H. 2 O and 
CoSO^.HgO are known, each of which on 
heating loses its whaler forming an infusible, 
opaque mass of a rose-red colour. 

Colndtic sulphate, 002 ( 804 ) 3 ,! SHgO, is 
obtained w hen a cooled acid solution of cobaltous 
sulphate is electrolysed in a divided cell. It is 
deposited in blue ncfalles soluble in water, which 
solution rapidly decomposes into cobaltous 
sulphate. It has also been prepared electro- 
lyti(;ally by S. 8 wann, jun. and T. 8 . Xanthakos 
(J. Amer. Chem. Soc. 1931, 53, 400), who have 
shown that it has strong oxidising properties 
towards many organic compounds. 

Cobaltous nitrate, Co (N 03 ) 2 , in the 
anhydrous form, has been prepared by A. Giintz 
and F. Martin (Bull. Soc. chim. 1909, [iv], 5, 
1004) by the action of nitric anhydride or of a 
solution of nitric anhydride in nitric acid on 
hydrated cobaltous nitrate and also by the 
action of finely-divided metallic cobalt on a 
solution of silver nitrate in liquid ammonia. 
In this form it is a slightly pink powder which 
begins to decompose at 100°-105°. The 
hydrated nitrate, Co(N 03 ) 2 , 6 H 20 , is obtained 
by dissolving the oxide, hydroxide, or car¬ 
bonate in dilute nitric acid, when a carmine red 
solution is obtained and on evaporation this 
furnishes reddish-browm deliquescent crystals. 
Other hydrated nitrates containing nine and 
three molecules of water have been prepared. 
Cobalt nitrate solution is used as a reagent in 
blowpipe analysis. 
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Uses of Cobalt Salts in Paints and 
Varnishes. —Certain cobalt salts, such as the 
acetate, borate, resinate, oleate, linoleato, ‘ ‘ oleo- 
resinates,” benzoate, “ tungtate,” and cobalt 
as hydroxide are used as driers in the manu¬ 
facture of paints and varnishes. Organic salts 
of cobalt have been found to be the most 
convenient and efficacious driers and have the 
additional advantage of causing no discoloration 
of the paint. To some exttuit cof)alt salts also 
enable the lower-priced semi-drying oils such as 
soya, fish, and even cotton-seed oils to be substi¬ 
tuted for the higher-priced linseed oil in the prepa¬ 
ration of paints. The driers in the litpiid and 
solid fV)rms are also used in the manufacture of 
waterproof fabrics, linoleum, oilcloth, patent- 
leather, artificial leathers and similar industries. 

When the acetate is used for drying linseed 
oil, from 0-2 to 0*4% is necessary. The oil is 
heated at 150"-200" and the acetate is stirred 
in until dissolved. Soya oil is treated similarly. 

The borate is prepared by adding a solution 
of cobalt sulphate to a cold solution of borax ; 
the precipitate formed is filtered washed with 
cold water, and dried. 

The benzoate is prepared by adding cobalt 
carbonate to a solution of benzoic acid until 
neutral ; the filtered and dried product is 
ground to powder. 

For the jireparation of the resinate the best 
American water-white rosin is used which 
should be completely soluble in turpentine and 
ether, have a melting-point of 75^-85“, and a 
saponification value of 167-180. The resinate 
may be prepared either by the precipitation 
or the fusion method. For the precipitation 
method the resin, suspended in water, is heated 
to 100 ° and a 20 % solution of sodium hydroxide 
is gradually added with stirring. A solution of 
sodium chloride is then added to the clear brown 
solution. The precipitate of sodium resinate is 
dissolved in hot water and a 10 % solution of 
cobaltous chloride is adfled to precipitate the 
sage-green cobalt resinate which is washed and 
dried. The fused resinate is prepared by heating 
the resin to 140° and adding cf)balt hydrate 
with constant stirring. The temperature is 
then raised to 170°-180° and the melt poured 
into pans and allowed to cool. The precipitated 
resinate contains about 7-5% cobalt and the 
fused resinate 4-4-25%. 

The fatty acid driers are usually made with 
linseed oil, although other oils, such as soya, 
tung or walnut, are sometimes used. The linseed 
oil is completely saponified by gradually adding 
10 % sodium hydroxide to the oil heated to 
100°. The clear brown solution is then diluted 
with hot water and a solution of sodium chloride 
added. The granular soap formed is removed, 
redissolved in water, and reprecipitated with 
brine. The purified soap is again dissolved in 
water and a 10 % solution of cobaltoiis chloride 
solution added. The precipitated cobalt “ lino- 
leate ” is filtered, washed, and dried at 80°. 

When 1*5% of a good drier is dissolved in 
linseed oil at a temperature of about 120 ° it 
should clause a thin film of this oil to dry at 
room temperature to a removable skin in 7-8 
hours (c/. T. H. Gant, l.c.). 

C. 0. B. 


COBALT BLOOM. Erythrite, hydrated 
cobalt arsenate, Co 3 As 20 g, 8 H 20 . It is found 
frecpiently as a peach-colourerf incrustation on 
arsenical ores, being produ(red by their de¬ 
composition. 

COBALT BLUE or THENARD’S BLUE 

V. Cobalt, this vol. 218c. 

COBALT BROWN, BRONZE, GREEN, 
RED, YELLOW r. Cobalt, this vol. p. 210c. 

COBALT-GLANCE, SULPH ARSEN¬ 
IDE OF COBALT V. fJoBALTITE. 

COBALT PYRITES, LINN/EITE r. 
Cobalt., t his vol. p. 2146. 

COBALT SPEISS v. Cobalt, this vol. 
214d. 

COBALTITE or COBALT-GLANCE. 

Sulpharsenide of cobalt, CoAsS, containing 
Co 25-35%, with Fe 2-5%. It frequently 
occurs as well-dev(‘lopod crystals, fine specimens 
coming from Tuna berg and Hakansboda in 
Sweden and Skiitterud in ^^orway; these are 
cubic with parallel iKunihedrism and with the 
same (-haractcristit; form as crystals of the iso- 
morphous mineral iron-pyrites. Cranidar and 
compact masses also occur. The colour is tin- 
white with a reddish tinge and a brilliant metallic 
lustre ; the streak is greyish-black. Sp.gr. 6*2, 
hardness 5J. A bed of pure cobaltitt*. averaging 
0*2 m. in thickness occui's at TIashkessan, Govt. 
Tiflis, Caucasus. In the (k)balt area of Ontario 
massive cobaltitt^ and small crystals are present 
with the more abundant smaltitc. Under the 
name fiehta the mineral, found at Kherti, in 
Kajj)utana, is used by the Indian jewellers for 
producing a blue enamel on gold and silver. 

L. J. S. 

COBLAC v. Cellulose Pj.astics. 

COCAINE AND OTHER ALKALOIDS 
OF ERYTHROXYLUM SPECIES. The 

genus Erythroxyluin (f^im. Erythroxylacea*) is 
prineipally found on the western side of South 
America, although indigenous species occur in 
India, Africa and Australia. (Chiefly three 
kinds, derived originally from Bolivia and Peru, 
are cultivated : 

1. Erythroxylum coca. 

2. E. coca, var. novogranatense {^E. Cartha¬ 
ge use dacq.). 

3. E. traxillense Rusby {E. Ejnuceanum). 

On the London market four kinds of coca 
leaves are distinguished : Iluanuco (Bolivian, 
from 1 ) ; Truxillo (Peruvian, from 3); Java 
(from 2 ); Ceylon (from 2 or 3). 

The alkaloids obtained from coca leaves 
fall into four groups, viz.: 

1 . The cocaines, which on hydrolysis yield 
eegonine, methyl alcohol and benzoic, cinnamic, 
or truxillic acids: 

Cocaine: Methyl benzoylecgonine. 

Cinnamylcocaine: Methyl cinnamoylecgonino. 

a-Truxiiiine (y-isatropylcocaine): Methyl a- 
truxilloylecgonino. 

j 3 -Truxilline ( 8 -i 8 atropylcocaine): Methyl p- 
truxiUoyleegonine. 

2. The pseudotropeines are closely related to 
the tropeines and are hydrolysed into pseudo 
tropine and an acid. 

Tropacocaine: Benzoylpseudotropine, 
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3. The acylecgonines in which the carboxyl- 
group is free and only the alcoholic group is 
esterified: 

Benz oy le cgon i n e. 

4. The hygrines, which are derived from 
pyrrolidine: 

llygrino and Cuscohygrine. 

The two most important producing countries 
of coca are Bolivia and Java, but it is difficult 
to judge the world production of coca-leavcs. 
In South America a considerable amount ol‘ 
crude cocaine is manufactured which does not 
come into the following statistics. 

Export of Coca Leaves (From the Annual 
Reports of the League of Nations (nos. in kgs.): 

1032 ]{m 1924 1935 J93G 

Bolivia 347049 335807 205011 170189 131955 
Dutch 

Indies 209131 101591 104071 125155 117204 
Formosa ? 44598 445J)8 (>4598 49598 

Peru 85542 70770 72374 89721 107890 

Within the last years the coca production has 
much decreased, in 1924 Java produced 
as much as 1,071,000 kg. At the same 
time the number of coca plantations has 
decreastMi from 112 to 57 and the cultivated 
area from 2,112 to 804 hectares. Details of 
the production may be obtairuHl from the 
Annual Reports of the League of Nations. 
The total alkaloid content of Java leaves 
is higher than the total alkaloid in South 
American coca. In different years the yield of 
total alkaloids varies considerably (.lava, 
1908: 1-2-5%; 1909: 1-22%). 90% of 

total alkaloids present in South American coca is 
l-cocaine, Java coca contains only 0-5% 
cocaine, the same percentage of cinnamyl- 
cocaine, and approximately 1 % of truxillines, 
but these alkaloids can easily be transformed 
into /-cocaine. Coca-leaves experimentally 
grown in India contained 0-4-0'8% total 
alkaloids, chiefly cocaine (quoted by Henry, 
“ Plant Alkaloids,” 2nd ed., 1924, p. 96). The 
market for Java coca is Amsterdam; the London 
and Hamburg markets deal mostly with coca- 
leaves of other origin and with crude cocaine. 

The coca plant is a shrub which, when care¬ 
fully cultivated, can be grown for about 20 years. 
The leaves are plucked in the early morning 
and must be dried and ground the same day; 
they are then packed and 8 hippe<l in tin boxes, 
avoiding any access of moisture, which is 
deleterious to the alkaloid content {see Martell, 
Pharm. Zentr. 1928, 69, 551). 

For history of coca, botanical details, cultiva¬ 
tion, etc., see Tschirch ” Handbuch der Pharma- 
kognosie ” (Leipzig, 1923, vol. Ill, 1, pp. 309- 
326). 

Extraction of Coca. —Either coca-leaves or 
crude cocaine of South American origin are 
extracted. The general outlines of the extrac¬ 
tions are known, but many details, e.g. the use of 
solvents and the preparation of different cocaine 
salts, are kept secret by the manufacturers. 

The leaves are either extracted with dilute 
acids {see UUmann, “ Enzyklopadie der tech- 
nischen Chemie,” Berlin, 1929, vol. Ill, p. 453) 
or moistened with lime water or soda-solution 


and exhausted with EtgO or benzene {see 
Duilius, Chcm.-Ztg. 1930, 54, 31, or Schwyzer, 
” Die Fahrikation der Alkaloide,” Berlin, 1927, 
pp. 85ff). Also extraction processes with 
H 2 S 04 -f EtOH as solvents (iSquibb) and many 
other modifications are known. 

(a) Extraction suitable for Jav^a coca,: The 
leaves are exhausted with dilute H 2 SO 4 ; 
after careful addition of soda the total alkaloids 
are extracted with benzene or toluene. Extrac¬ 
tion of these solvents with 10 % H 2 SO 4 yields 
a solution of the crude total sulphates. The 
total affialoids are hydrolysed with a small 
excess of dilute H 2 SO 4 (boiling for 12-18 hours), 
w'hen MeOH, benzoic, cinnamic, truxillic acids, 
and eegonine are formed. The acids are 
removed and the mother-liquors concentrated ; 
from the concentrated solution eegonine is 
precipitated by EtOH. Thus all eegonine 
present as co(;aine, cinnamylcocaine, and the 
truxillines is available for the subsequent 
” synthesis ” of cocaine. Eegonine is first 
esterified with MeOH and H 2 SO 4 , and then 
benzoylated with benzoyl chloride or benzoic 
acid-f POCI3. 

(/>) Extraction suitabh' for South American 
coca : The leaves are moistened with limewater 
and extracted with EtgO. Dilute acetic acid 
extracts the total alkaloids from the ethereal 
solution. (Vude cocaine is precipitated with 
soda-solution. This is dissolved in approx. 
10 % acetic acid, and at a temperature not 
exceeding -f-5'' impurities are oxidised with 
})ermanganate until the red colour persists for 
30 minutes. The solution is then neutralised 
with ammonia and the total alkaloids pre¬ 
cipitated with 5% soda-solution. The dried 
precipitate, which is brown in colour, is dissolved 
in EtoO and manganese dioxide filtered off'. 
The ethereal solution is concentrated, when pure 
cocaine er^^stalliscs out. The mother-liquors are 
completely freed from Et 20 and treated with 
light petroleum, whiih dissolves any cocaine 
still present. The residue consists largely of 
isatropylcocaine, which is hydrolysed and 
transformed into cocaine as mentioned above. 

Analyses of Coca-leaves. —The official 
” Amsterdam-analysis ” of coca-leaves is not 
published, the values obtained indude cinnamyl- 
eocaine and truxillines. In London and in 
Hamburg the content of crude cocaine is given 
according to the methods of Harrison and of 
Hilbert. The estimation is based on the extrac¬ 
tion of the leaves with a mixture of EtgO, 
CHCI3 and ammonia. The organic solvents 
are then exhausted with dilute H 2 SO 4 and the 
basified solution re-extracted with EtgO. The 
evaporated extract is dissolved in excess of 
A /10 H2SO4 and titrated back with A/50 KOH 
using cochineal or iodeosin as indicator {see 
“United States Rharmacopceia,” 8 th Rev.). 
Other descriptions use light petroleum as 
extraction medium ; the further process is 
similar, the alkaloids from the ethereal solution 
being dried to constant weight and then weighed. 
See also critical survey of Bierling, Pape and 
Viehover (Arch. Pharm. 1910, 248, 303) and 
de Jong (Arch Pharm. 1911, 249, 209). 

For microchemical identification of cocaine in 
plant material, see Klein and Sonnleithner 
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(Oesterr. Bot. Zeitschrift, 1927, 76, 263) and 
Brandstetter (Chem. Zentr. 1922, IV, 729). 

Official in the British Pharmacopoeia,” 1932, 
are : Cocaine and Cocaine- HCI ; official cocaine- 
containing prescriptions are: Lamella Cocaina? 
and J^ozerigc of Krameriai ot Cocainae. 

Official in the “United StatesPharmacopada,” 
1936, are : Cocaine and Cocaine-HCI. 

Cocaine (1), Ci,H2,04N, [a]“ -16-4° (in 
CHCg, in.p. 98*^, volatile above 90“, crystallises 
from EtOH in monoclinic, four- to six-sided 
prisms. It is easily soluble in EtOH (1 })art in 
10 parts), EtgO (1:4), benzene, carbon-disul¬ 
phide, CHCI3 (1 :0-5), acetone and light petro¬ 
leum, slightly soluble in H2O (1:600). The 
saturated aqueous solution is alkaline to litmus, 
has a slightly bitter taste, and produces numb¬ 
ness when applied to the tongue. 

(I) is precipitated from solutions of its salts by 
ammonia, caustic alkalis, and alkah carbonates. 
When (1) is boiled with HgO benzoylecgonine 
and MeOH are produced; hydrolysis with 
mineral acids and with caustic alkali yields 
\-ecgonine (II) and d-'pseudoccgonine respectively, 
together wutli MeOH and benzoit^ acid. Alka¬ 
line hydrolysis is 1,500 times niore rapid than 
acid hydrolysis. 

For dissociation constants of (1) and (II), 
see Kolthoff (Biochem. Z. 1925, 162, 309-I2). 
For test for identity and purity, see “British 
Pharmacopceia,” 1932, p. 124, and “ L'nited 
States Pharmacopada,” 1936, p. 123. 

Cocaine Hydrochloride is the salt chiefly 
used in medicine. It crystallises from EtOH 
in short prisms, {ajp—71-95° (in 2% aqueous 
solution), m.j». 200-202°. The salt is soluble 
in 0-5 parts of HgO and in 3 parts of 90% 
EtOH. Test for purity (“British Pharma- 
copada,” 1932): to 5 millilitres of a 2% aqueous 
solution add 0-3 millilitres of A/1 H2SO4 and 
then 0-5 millilitres of NjbO permanganate 
solution ; a clear violet colour is produced, 
which in the absence of dust and at a 
temperature not exceeding 20° does not com¬ 
pletely fade within 30 minutes (limit of reducing 
substances and of cinnainylcocaine). Similar 
test for purity in “ United States Pharma¬ 
copoeia,” 1936. 

Maclagan’s Test: If a 10% ammonia solution 
is added to a solution of pure (I)- HCI, a crystal¬ 
line precipitate of (I) must slowly be formed, 
a milky appearance indicates the presence of 
amorphous alkaloids, especially truxillines (for 
details of test and other tests, see “British 
Pharmacopoeia” and “United States Pharma- 
copceia ”). Cocaine does not give characteristic 
colour-reactions; for Vitali’s colour-reaction, , 
see Hardy (J. Pharm. Chim. 1921, [viij, 24, 325). 

Other Salts: (I)*H2Cr04,H20, m.p. 127°, , 
sparingly soluble in HgO, is produced when 
potassium chromate is added to an acid solution 1 
of (I)-HCI. Other sparingly soluble salts are 
Bj-HaPtClg, B HCl-HgClg, B-HI-Ig (per- 
iodide), etc. (I)*HCI forms sparingly soluble 
precipitates with Mayer’s reagent, phospho- 
molybdic, phosphotungstic and silicotungstic 
acids {see Kosenthaler, ” Der Nachweis organ- ; 
ischer Verbindungen,” 2nd ed., p. 732). ] 

For quantitative estimation of (I) and I 


[ (I)-HCI, see Heikel (J.C.S. 1909, 96, II, 104); 

Nyman-Bjorksten (Z. anal. Chem. 1915, 54, 62); 
. Garsed and Collie (J.C.S. 1901, 89, 675); 

Klein (“ Uandbuch der Pflanzenanalyse,” Wien, 
! 1933, vol. IV, part 3/1, p. 540). (I) may be 

identified by the absorption-spectrum, Brustier 
(A. 1927, 91); Eisenbrand (Amer. Chem. 

Abstr. 1926, 20, 2722); Castille and Kuppol 
(A. 1928, 920); Bontempi (Amer. Chem. Abstr. 
1932, 26, 1862); Fischer {ibid. 1933, 27, 4552). 

d-Cocaine (d-0-eocaine) has been isolated 
fr(3m coca-leaves by Liebermann and Giesel 
(Ber. 1890, 23, 508, 926). The alkaloid is 
probably not natural but formed during the 
extra(-tion. [ajj, -l-42-2° (in CHClg), m.p. 46°, 
giv^es a sparingly soluble nitrate. 

Cinnamylcocaine (III), CigH,>304N, [aj,> 
—4-7° (in CHCI3), m.p. 121°, erystallises from a 
mixture of benzene and light petroleum in 
rosettes of needles. (I ll)-HCI,2H20, m.p. 176° 
(dry), flattened needles from H2O, platini- 
chloride, m.p. 217°, aurichloride, m.}). 156". 
When (III) is warmed with HCI, it is hydrolysed 
to /-ecg()nine, cinnamic acid, and MeOH. 

T ruxi Nines (isatropylcocaines), ^.38^46^8^ 2* 
Hesse (Ber. 1889, 22, 665) and Liebermann 
(Ber. 1888, 21, 2342) isolated from Peruvian 
coca-leaves two amoiqJious alkaloids which w ere 
first named cocamine and imcocamine. 

a-Truxilline (IV) (cocamine, y-isatropyl- 
cocaine): amorphous w hite powder, m.p. 80°, 
easily soluble except in light petroleum. 

^-Truxilline (V) (itsococamine, 8-isatropyl- 
cocaine): amorphous, sinters at 45° and di-com- 
poses at 120°. Both truxillines on acid hydroly¬ 
sis yield eegonine, MeOH, and a- or )5-truxillic 
acids (C0H8O2)2 respectively. 

Benzoylecgonine, C1CH10O4N, [a]i^ —63-3° 
(in HgO); crystallises from water with 4H2O 
in needles, m.p. 92° or 195° (dry). It is obtained 
by boiling (1) in HgO. It was also obtained 
in small amounts from coca-leaves {see Skraup, 
Monatsh. 1885, 6, 556). 

/-Eegonine (II), CgHi^OgN-HgO, [a% 
-45-4° (in HgO), m.p. 198° (anhydrous), crystal¬ 
lises from dry alcohol in monoclinic prisms 
with IHgO, easily soluble in HgO, less in 
EtOH, insoluble in EtgO, CHCI3, and other 
organic solvents. (II) is the final basic hydro¬ 
lytic product obtained by action of acids on the 
cocaines {see introduction); it is an amphoteric- 
substance and when esterified with MeOH and 
benzoylated, (1) is obtained. By variation of 
the acid chlorides and the alcohols, many 
hornologues of (1) have been prepared. 

d-Eegonine (better d-0-ecgonine) is dextro¬ 
rotatory, m.p. 254° (264°); it crystallises from 
dry EtOH in tablets. d-0-Ecgonine is formed 
when the cocaines are hydrolysed by alkalis. 
d-^-Ecgonine is not an optical but a stereo- 
isomeride of (II). Like the latter, it forms a scries 
of esters ; from d-^-eegonine d-cocaine (methyl 
benzoyl-d-i/r-ecgonine) has been prepared. 

Tropacocaine (VI) (Benzoyl-^-tropeine) 
CjgHjgOjN, has been found in Java and Peru¬ 
vian coca-leaves (Giesel and Liebermann, Ber. 
1891, 24, 2336; cf. also Keens, Chem. Zentr. 
1920, IV, 103). (VI) is optically inactive, 
m.p. 49°, it crystallises in needles, soluble in 
EtOH and EtgO, insoluble in HgO. When 
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heated with HCI or baryta it is hydrolysed to 
benzoic acid and 0-tropine (m.p. 108®, b.p. 
240®) which is a stereoisomeridc of tropino 
since it can bo oxidised to tropinono. Tropine 
and 0-tropine are mutually convertible. Dissoci¬ 
ation constants of (VI), see Kolthoff (Biochcm. 
Z. 192.5, 162, 307). Analytical difibrences 

between (I) and (VI) see lleichard (Pharm. 
Zentr. 1908, 49, 337). For synthesis of a ring- 
homologuo of (VI), see Blount and Robinson 
(J.C.S. 1932, 1429). (VI), under the form of 
the hydrochloride, is the only other coca-alkaloid 
used in medicine. 

Constitution of the Cocaines. —The co- 
caintis are esters of the amphoteric substance 
eegonine with MeOH and benzoic, cinnamic, or 
truxillic acid. Eegonine and its derivatives 
differ throughout from tropine and its derivatives 
by COg. A derivative of eegonine (anhydro 
eegonine) was transformed into a derivative of 
tropine (tropidine) (Einhorn, Bor. 1890, 23, 
1338) ; this fact proved that (II) is a tropino 
carboxylic acid. This is also (confirmed by 
Willstatter’s degradation of (II) to suberone. 
The (elucidation of the tropine-structurc led 
Willstatter (Ber. 1898, 31, 1202, 205.5) to propose 
the following structures for (II) and ihs deriva¬ 
tives : 


CH^—CH-CHCO 2 R 2 

NMe ^CHORj 

CHg—CH- 

(II): R^=-R2-H. 

(1): Ri-CoHr/CO; R.>-Me. 

(JM): Ri-CeHs-CHrCH CO; Rg-Me. 

(IV) and (V): Ri= (CoHsO^)^; R^-Me. 

Formula (B) represents (VI). Wolfes and 
Hromatka (Amer. Chem. Abstr. 1935, 29, 4365) 
have isolated an interesting new tropane- 
dcrivative from coca-leaves for which they 
suggest the formula (C): 

CHo—CH-CHo 

I \ 

NMe CHOR, 

I / 

CHg—CH-CH 2 

(B) Ri^^CeH. CO. 

CHa—CH-CHo 

I \ 

NMe CHOH 

HOC H—C H-CHg 

(C.) 

Syntheses op Cocaine. —There are four 
sterooisomerides of eegonine and cocaine 
possible, throe of which have been obtained 
synthetically. r-Ecgonine and r-^-eegonine have 
been resolved into d- and I- forms. These two 
forms differ in the spatial arrangement of the 
hydroxyl-group (cis-trans-isomerism as in trop¬ 
ine and 0-tropine); the third form which has 
not been resolved differs by the cis-trans-iso¬ 
merism of its carboxyl-group. (For theoretical 

VoL. III.—15 


discussion, see Willstatter and Bommer, Annalen, 
1921, 422, 18). 

1 . Willstatter and Bode (Ber. 1901, 34, 14.57 ; 
Annalen, 1903, 326, 42) obtained sodium 
tropinone carboxylato by interaction of sodium 
tropinone with COg and sodium. This on 
reduction with sodium amalgam in weakly acidic 
solution gave a mixture of r-^-oogonino and 
r-cegonine (see additional note, Willstatter, 
Woli’es, and Mfidcr, Annalen, 1923, 434, 134). 

2. A second synthesis of r-^-eegonine is 
described by Willstiltter and Bommer (Annalen, 
1921, 422, 15): Diethyl succinyldiacetate is con¬ 
densed with methylamine, the resulting pyrrole- 
derivative is catalytically reduced to a pyrrolid- 
inedicarboxylatc which by a Dicc;kmann conden¬ 
sation is transformed into tropinonecarboxylic 
ester. This ester is identical with the product 
of synthesis 1. 

CHg—CO—CH 2 —COgEt 

CHg—CO—CHg—COgEt 

CH C-CHgCO^Et 

\ 

NH^Me NMg 

^ X 

CH= C-^CH.yC 02 Et 


CH, 

Ho-fPt, followed I 


liy l>iec‘kniaiin 
condensation. ' 

C H 2 ' 


CH-CH—COgEt 

\ \ 

NMe CO 

/ 

-CH-CHo 


3 . From the technical point the third synthesis 
of Willstatter, Wolfes, and Madcr (Lr.) is the 
most valuable. iSuccinic^ dialdehyde, methyl- 
amine and the dipotassium salt of ethyl acetone- 
dicarboxylate are condensed to yield ethyl 
tropinonecarboxylatc (r/. Robinson, J.C.S. 1917, 
111, 762). 


CHo—CHO CHo—COgEt 

H\ I 

+ ^NMe + CO 

h/ I 

CHg—CHO CH2—COgEt 

CHg-CH-CH—COgEt 

I \ 

-^ NMe CO 

I / 

CHg-CH-CHj 

Reduction of the last substance yielded r- 
^-eegonine (1), r-eegonine, (2) and the third 
racemic eegonine (cis-trans-isomeric tropanol- 
earboxylic acid). On resolution (1) yielded el¬ 
and ^eegonine, the former, on esterification 
with MeOH and benzoylchloride gave d-cocaine 
(d-^-coeaine, see earlier). The bitartrate of 
d-^-cocaine is called pslcainey it is also used as 
local anaesthetic and is a product of some 
importance. If (2) is resolved and esterified 
d- and Z-cocaine are obtained, the latter is 
identical with natural cocaine. 

Hygrines. —^The hygrines were discovered 
by Lessen (Annalen, 1862, 121, 374) in Peruvian 
coca-leaves. Liebormann showed that this 



226 


COCAINE. 


alkaloid fraction by distillation in vacuo can be 
separated into the two alkaloids hygrino and 
cuscohygrine. 

Hygrine (VJI), C^H.^ON, b.p. 

92-94720 mm. or 103-19/)77()0 mm., is a 
strongly alkaline li(pii(l, yielding a characteristic 
picrate, m.p. 158‘\ and a crystalline oxime, 
m.p. 116-120"'. By oxidation with CrOg 
hygric acid (CgHjiOgN) is obtained which was 
synthesised by Willstatter (Ber. 1900, 33, 
1160; Annalen, 1903, 326, 91). r-Hj^grine was 
synthesised by Hess (Ber. 1913, 46, 3113, 4104). 

Cuscohygriney CJ 3 H 24 ON 2 (VIII), is optically 
inactive, b.p. 185732 mm., forms a cry.stal- 
line oxime, m.p. 53-547 is miscible with 
HgO, a crystalJinc hydrate is knowm (m.p. 
40°), and the salts are crystalline. The nitrate 
is characteristic, it crystallises from EtOH, 
m.p. 209° (decomp.). (VUI) is very labile; by 
influence of acids or alkalis it is easily trans¬ 
formed into (VH); when oxidised with CrOg, 
hygric acid (A’^-meth 3 dpyrrolidine- 2 -carboxylic 
acid) is obtained. Various papers deal with the 
constitution of (VIII), but no final decision 
can be taken between the two possible alterna¬ 
tives {see Hess and co-workers, Ber. 1915, 48, 
1986; 1920, 53, 781 ; 1921, 54, 2310; Annalen, 
1925, 441, 137). 


CH., 


CHo 


-CH-CHg 

I \ 

NMe CO 

I 

-CH2 

VII. 


NMe 


Me 


or 




CH. CH—CH—CH CH 


NMe 


I 

CH3 

VIII. 


NMe 


2 

2 


Physiological Action of the Cocaine- 
Gboup. —Cocaine is used in medicine as a local 
anesthetic, it is mydriatic and highly toxic. 
It acts chiefly on the central nervous system, 
death occurs from paralysis of the respiratory 
centre. Tropacocaine is the only other coca- 
alkaloid used in medicine. For psicaine, see 
Gottlieb (Z. physiol. Chem. 1923, 130, 374). 
For details of c ocaine action, see Henry, “ Plant 
Alkaloids,” 2nd ed., p. 112, and text-books of 
pharmacology. 

Schl. 


COCAM 1N E r. Cocaine, (this vol. p. 224c) 
COCCERIC (COCCERINIC) ACID v. 
Cochineal Fat and Wax. 

COCCERIN or COCCERYL COCCER- 
ATE. A wax extracted from Cochineal 
insects {v. Cochineal Wax and Fat). 

COCCERYL ALCOHOL v. Cochineal 
Fat and Wax. 


COCCIN E Cochineal, (this vol. p. 228d). 

a-COCCINIC ACID, COCCININ v. 

Cochineal. 

COCC ININ 1’. Cochineal, (this vol. p. 228 d). 

COCC I NONE t;. Cochineal, (this vol. p. 
228 d). 

COCCULUS INDICUS or INDIAN 
BERRY V. Anamtkta Paniculata. 

COCHENILLIC AC ID Cochineal, (this 
vol. p. 2286). 

COCHINEAL. This natural dyestuff was 
used as a dye and cultivated by artificial means 
in its native country, Mexico, at a remote period 
of history. Cochineal consists of the dried body 
of an insect, the Coccus cacti, which lives upon a 
species of cactus (the Nojialea coccinellifera 
8.-Dyck or Nopal), a jdant which is found in 
the wdid condition, but which, for the sake of the 
insect, is cultivated in gardens which are 
termed Nojmleries. The insects are collected 
before the commencement of the rainy season, 
and are killed by immersion in ])oiling water, 
or are enclosed in a linen bag and placed in an 
oven ; by the latter j)roce.ss tlie peculijir white 
down covering the insect is preserved, but in the 
former case is lost. 

In Mexico and Central America two varieties 
of cochineal are known—the home-grown or 
fine cochineal {graiia jina), and the wild or 
forest cochineal {grana silvestra). The former is 
more valuable than the latter, and is ridier in 
colouring matter. After 1830 the cultivation 
of cochineal was introduced into 8pain and the 
Canary Islands, Algeria and Java, but the most 
productive of these newer plantations were 
those of Java. Hince the discovery of the 
coal-tar colours, the consumption of cochineal as 
a dyestuff has gradually decreased, and at the 
present time it is only employed in a minor 
degree. According to Liebermann (Ber. 1885, 
18, 1969) cochineal contains about 10% of 
colouring matter. 

Carminic acid, the colouring matter of 
cochineal, was first isolated by Pelletier and 
Caventou (Ann. Chim. Phys. 1818, [ii], 8, 250) 
and was subsequently examined by many 
chemists. Schiitzenberger {ibid. 1858, [iii], 54, 
52) succeeded in obtaining carminic acid in a 
crystalline condition by precipitating the 
colouring matter as its lead compound, decom¬ 
posing this with hydrogen sulphide, and crystal¬ 
lising the liberated carminic acid from alcohol- 
ether. The most simple method of purification 
of carminic acid, however, is that devised by 
Miller and Rohde (Ber. 1897, 30, 1762). A 
solution of the crude colouring matter in five 
times its weight of water is diluted with four 
times its volume of acetic acid ; the filtered 
liquid, on standing over sulphuric acid, gradually 
deposits the carminic acid in a crystalline 
condition. 

Carminic acid crystallises in red prisms easily 
soluble in water and alcohol with a purple-red 
colour. It possesses no melting-point, but 
darkens at 1307 and at 250° becomes quite 
black. Of the many empirical formula} suggested 
for carminic acid by earlier workers, that 
advanced by Liebermann, Hdring and Wieder- 
mann (Ber. 1900, 88, 149), viz. CggHgjOu, 
was generally accepted as correct. More 
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recently Dimroth has modified this expression to 

Cq2 ^ 20^^ 13' 

By the action of alcoholic potassium acetate, 
Perkin and Wilson (J.C.S. 1903, 88, 139) pre¬ 
pared a mono- and a di- potassium salt, whilst 
Liebormann, Horing and Wiedermann {l.c.) 
obtained hexahenzoylc.arm.inic acid as an orange- 
coloured powder, easily soluble in benzene. 
Octa-acetylcarminic acidy golden-yellow needles, 
melting gradually at 155-165®, is readily pre¬ 
pared by the action of acetic anhydride in 
presence of zinc chloride or sulphuric acid 
(Miller and Rohde, l.c.). 

Constitution of Carminic Acid .—By the pro¬ 
longed action of boiling nitric acid on carminic 
acid, W. de la Rue obtained nitrococcussic acidy 
which was subsequently shown by Kostanecki 
and Nienientowski (Ber. 1885, 18, 250) to be 
identical with triniirocresotinic acid ; 


Me 



When carminic acid, dissolved in 50% acetic 
acid, is treated with an excess of bromine, 
and the solution digested at the boiling heat, 
two substances, a- and p-hromocarmineSy are 
produced (Will and Leymann, Ber. 1885, 18, 
3180). 

a - BromocarminCy colourless 

needles, m.p. 247-248® (decomp.), the more 
sparingly soluble substance, when oxidised 
with potassium permanganate in allialine 
solution gives dibromomctliylhydroxy aldehyde- 
benzoic acid and dibromomcthylhydroxyphthalic 
anhydride : 



Miller and Rohde (Ber. 1893, 26, 2663) observed 
that when a-bromocarraine is treated with hot 
caustic soda solution it yields, in addition to a 
purple-red colouring matter, dibromomethyl- 
hydroxyphthalic acid and bromoform. As a 
result of this reaction, these authors assigned 
to a-bromocarmine the constitution of a 
methylhydroxytetrabromodiketohydrindene (I), 
for Zincke (Ber. 1887, 20, 3227 ; 1888, 21, 2388) 
had previously shown that dibromodiketo- 
hydrindene (II) under similar treatment yields 
both phthalic acid and bromoform. 



L IT. 


p-BromocarminCt CiiH 5 Br 304 , crystallises 
from acetone in orange needles, m.p. 232° 


(Will and Leymann) or 238° (Miller and Rohde), 
and is converted into a-bromocarmine by the 
action of bromine in 50% acetic acid solution. 
As a result of their investigation. Miller and 
Rohde ascribed to )9-bromocarmine the con¬ 
stitution of a methyldihydroxytribromo-a- 
naphthaquinono (III or IV). This suggestion 



was supported by the fact that brornohydroxy- 
naphthaquinone (V), on treatment with bromine 
and caustic soda solution, is converted into 
dibromodiketohydrindene (II) (Zincke, l.c.). 
Further support for this view w^as obtained 
b 3 ’' Rohde and DorfrniiJler (Ber. 1910, 48, 1363), 
who found that by reduction wdtli zinc dust and 
acetic acid and subsequent acetylation, /8- 
bromocarmino gives the compound (VI), 



O 

VII. 


colourless needles, m.p. 208°. Simultaneous 
hydrolysis and oxidation converts this into the 
substance (VII), orange prisms, m.p. 258° ; 
and it thus appears that by the latter treatment 
an hydroxyl group has entered the quinone 
nucleus. The diacetyl derivative melts at 
233°. When distilled with zinc dust, this pro¬ 
duct, and also j9-bromocarmine itself, give 
naphthalene. 

•Subsequently, Dimroth (Annalen, 1913, 899, 
1 ) oxidised carminic acid with hydrogen per¬ 
oxide in aqueous caustic soda, using cobalt 
sulphate as a catalyst, and obtained 2:6- 
dihydroxy-8 - methyl - a - naphthaquinone-3:5 - di- 
carboxylic acid (VIII) which he orientated by 
comparing its colour reactions with those of 
synthetic 2:6-dihydroxy-a-naphthaquinone, and 
also by its conversion into carminazarin (XIV) 
by treatment with acid permanganate. When 
(VIII) is warmed with water, carbon dioxide 
is eliminated with the production of 2;6- 
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dihydroxy*8-niethyl-a • naphthaquinone - 5 - car¬ 
boxylic acid (IX). This compound, when 



VHI. 



OH 


(XIV) and is very similar to i^onaphthazarin 

(XV) . Its alkaline solution, when treated with 
a stream of oxygen, is quickly decolourised with 
formation of 5:6-dicarboxy-4-hydroxy-o-tolyl- 



XIV. XV. 


glyoxylic acid (XVJ). A further point of re¬ 
semblance of carminazarin to i^onaphthazarin 
is shown by its behaviour with nitric acid in 
glacial acetic acid, for whereas the latter gives 


Me 


COCOoH 


brominated in glacial acetic acid at 40% yields 
the 7-monobromo- derivative which on treat¬ 
ment with hvdroI)romic acid gives a-bromo- 
carmine, whilst with bromine in cold methyl 
alcohol the product is /3-bromocarmine, which 
thus has the structure (111) assigned to it by 
Miller and Rohde. 

Liebermann and Voswinckel (Bor. 1897, 30, 
688 , 1731) studied the oxidation of carminic 
acid wdth alkaline permanganate at the ordinary 
temperature, and in this way succeeded in 
producing two important acids, cochenillic 
(cochinelic or cochinillic) and a-coccinic acids. 

Cochenillic acid, C^gHgO^, colourless needles, 
m.p. 224-225° with evolution of carbon dioxide, 
is tribasic and at 260° is converted into methyl 
hydroxyphthali(’. anhydride (X). When heated 
with water in a sealed tube at 210° it yields 
cresotinic acid (XI), and in the same manner at a 
lower temperature, 170°, gives a-coecinic acid 



Me 


Me 



Hol^^COgH 

CO^H 

XIII. 


(XII), the second product of the oxidation of 
carminic acid. a-Coccinic acid, CgHgOg, colour¬ 
less needles, m.p. 239°, proved to be identical 
with m-hydroxyuvitic acid (Oppenheim and 
Pfaff, Ber. 1874, 7, 929). It thus follows that 
cochenillic acid has the formula (XIII). 

By oxidising carminic acid with potassium 
permanganate at 0° in the presence of sulphuric 
acid, Dimroth (Bor. 1909, 42, 1611) obtained 
carminazarin, garnet-red needles, decomposing 
at 240~260®t It possesses the constitution 


HO.,C 

^ XVI. 

O 


Me II 



HO^C II 
O 

XVII. 


I tctrakctotetrahydronaphthalene, the former 
yields the analogous carminazarinquinone 
(XVll) which, when heated with water or acetic 
acid, passes back to carminazarin. Carmin¬ 
azarinquinone is converted into a diphenazm, 
^24^14^3 N.. by treatment with an alcoholic 
solution of o-phenylenediamine. 

Coccinin, according to Hlasiwetz and Grabow'- 
ski (Annalen, 1867, 141, 329), is produced when 
carminic acid is fused with caustic potash. It 
crystallises from alcohol in straw-yeUow needles 
or leaflets, dissolves in alkalis with a yellow 
colour wdiich, by air oxidation, develops first a 
green, then violet, and, finally, a purple tint. 
Dimroth (Annalen, 1913, 399, 1) examined this 
product in detail, preparing it by fusing carminic 
acid with caustic potash at 170-200°. To it ho 
gave the formula Ci 7 Hj 40 e, and described the 
pale yellow crystalline tetra-acetyU derivative, 
m.p. 242-244°. When coccinin was oxidised by 
air, or oxygen, in dilute sodium hydroxide 
solution, the colour changes above described 
occurred, and when the pure violet colour had 
been obtained, acidification yielded coccinone, 
CjyHijO?, dark brown glistening crystals, 
decomposing at 250° and yielding a triacetyl 
derivative, orange-red crystals, m.p. 210°. 
Coccinone is reconverted into coccinin by 
reduction with zinc dust and ammonia; on 
the other hand, alkaline oxidation by means 
of hydrogen peroxide below 20° gives rise to 
cochenillic acid. Dimroth thus formulated 
coccinin and coccinone as derivatives of an- 
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thranol and anthraquinone respectively, the 
production of cochenillic acid indicating the 
positions of the carboxyl and one Jiydroxyl and 
one methyl group: 



or 


Me 



Me 


HOl 


HO,C ]| 

o 

C'ocdnoiie. 


> 


CH3 

OH 

OH 

H 


CH. 

OH 

OH 

H 


Dimroth further coneludcd that canninic 
acid itself is a derivative of anthraquinone, for 
by distillation with zinc dust in an atmosphere 
of liydrogen, a 5% yield of hydrocarbons of the 
anthracene series was obtained. After oxidation 
of the mixture of hydrocarbons he isolated 
anthraquinone, and possibly a-methylanthra- 
quinofje. l^'urther, by trc'atment of carniinic; 
acid with boiling dilute suljdiuric acid, a 10% 
yield of trihydroxyniethylanthraquinone car¬ 
boxylic acid was obtained, and this acid, when 
heated with water at 230-240'', yielded tri- 
hydn)xyniethylanthraqiiinone by loss of carbon 
dioxide. Dimroth therefore formulated car- 
minic acid : 

^22*^22^I3~ 

O 


carminic acid differs from carminic acid only in 
having one atom of oxygen less, due to the 
1 (JS8 of the )9-hydroxyl group in the purpurin 
nucleus during the reduction. That deoxy- 
carminic acid contains two hydroxyl groups in 
the 1 : 4-poaition is showui by its oxidation to a 
diquinonc, from which carminic acid is re- 
gen(?rated by the action of ac'ctic anhydride and 
sulphuric acid. IVmillel reactions are observed 
in tlie case of kermesic acid and hydroxy- 
anthrapurpurin. 

When carminic acid is warmed with acetic 
anhydride in the absence of a catalyst, a /texa- 
acet7jl derivative is formed, and tw’^o hydroxyl 
groups in a-positions in the nucleus remain 
unacetylated, since the substance is readily 
oxidised to an unstable diquinone, retiuced by 
sulphurous acid to the parent substance. With 
acetic anhydride and sulphuric acid at the 
ordinary temperature, carminic acid yields an 
octa-acctyl derivative. Since only four h 5 niroxyl 
groups are ])resent in the anthraquinone 
j nucleus, it follows that the remaining four 
must }«>> present in the side-chain, to which the 
composition CgH^gOg has been previously 
assigned (Dimroth, Annalen, 1913, 399, 13). 
This side-chain can only ))e a saturated univalent 
hydro(;arbon radicle with live oxygen atoms, 
four only of which have been shown to be 
present as hydroxyl groups; hence it is con¬ 
cluded that the remaining oxygen atom is 
})rescnt in the ethereal, aldehydic, or ketonic 
form, and its formula must then be modified to 
CgHi^Or,. Accordingly, the empirical formula 
for carmini(! acid becomes 

examination of record(‘d analyses showed that 
they agree as w^ell with this as with the older 
formula. Hence carminic acid is : 


O 




An examination of kermesic acid, the colouring 
matter of kermes, by Dimroth and Dick 
(Annalen, 1916, 411, 315) show^ed that this acid 
is a deriv^ative of hydroxyanthra purpurin. The 
similarity of the absorption spectra and dyeing 
properties of kermesic acid to those of carminic 
acid Jed Dimroth and Kara merer (Ber. 1920, 
53, [B], 471) to infer that the latter is also a 
derivative of hydroxyanthrapurpurin. 

Under suitable conditions carminic acid is 
reduced by zinc dust and acetic acid to a 
leuco-compound which is converted by atmo¬ 
spheric oxidation into deoxycarminic acid, 
yellowish-red needles, the acetyl- derivative of 
which melts at 246-250° (decomp.). Deoxy- 


Carminic acid is optically active and has [ajjjg 
-f51-6'' in afpieous solution This plionoinenon 
cannot be attributed to the structure of the 
nucleus, since kermesic acid, and also the less 
closely related laccaic acid, are optically in¬ 
active ; it therefore appears that the side-chain 
contains at least one asymmetric carbon atom. 

According to Miyagawa (Mem. Coll. Eng. 
Kyushu Imp. Univ. 1926, 4, 99), carminic acid, 
W'hen treated with ozone in aqueous solution, 
yields an optically active product from which, 
by oxidation, an optically active acid, CgHjgOg, 
is obtained. On reduction with sodium amalgam 
this acid yields a sugar, CgH^g^s* which is not 
identical with any of the known mcthylpcntoses. 
The side-chain in carminic aedd has thus the 
probable structure CH 3 [CH’OHJ 4 -CO—. 

Technical Preparations of Cochineal —Am- 
moniacal Cochineal, or carininamidc, is prepared 
by allowing a solution of carminic acid in 
ammonia to stand for some time; the clear liquid 
is decanted and evaporated with, or without, 
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addition of gelatinous alumina. The product 
appears to consist of carminic acid in which one 
of the hydroxyls has been replaced by an 
amino-group. 

Animoniacal cochineal dyes much bluer 
shades than cochineal itself, and was sometimes 
used in conjunction with the latter; it also found 
some application in the blueing of bleached 
cotton. 

Dyeing Properties of Cochineal. —Cochineal 
has been little employed in cotton dyeing, 
but was -very largely used in silk and wool 
dyeing. It has now been practically replaced 
by the azo scarlets. 

A crimson shade is produced on wool by 
mordanting with aluminium sulphate and 
cream of tartar and dyeing in a separate bath 
with cochineal, whilst a very fiery scarlet is 
obtained by the employment of stannous and 
sometimes stannic chlorides. For scarlet, wool 
can be mordanted with stannous chloride and 
tartar, and dyed in a separate bath with 
cochineal. A single-bath method, using stannous 
chloride, oxalic acid and cochineal, has, 
however, been \'ery largely used for this purpose. 
On wool mordanted with chromium or iron, 
cochineal gives purple, slate or lilac colours, 
but these mordants are not employed in practice. 

Cochineal red on wool possesses considerable 
fastness to light, but has the defect that w^eak 
alkalis and soap cause it to acquire a duller or 
more bluish shade. 

Silk is dyed a good crimson shade by mordant¬ 
ing with alum and dyeing with an extract of 
cochineal. In scarlet dyeing, silk is j)referably 
first dyed yellow, then mordanted with ‘‘ nitro- 
muriate of tin,” and finally dyed in a second 
bath with the assistance of cream of tartar. 
Silk can also be d 3 ’^ed in a single bath with 
cochineal, indicator (Vol. II, p. 639d). 

A. G. P. and E. J. C. 

COCHINEAL FAT AND WAX. On 

extracting cochineal insects {Coccus cacti) 
with boiling benzene (Licbermann, Ber. 1885, 
18, 1975; Liebermann Lnd Bergami, ibid. 1887, 
20, 959) or chloroform (M. Becker, Biochem. Z. 
1931, 239, 235) a fatty material, which can be 
separated into an alcohol- and ether-insoluble 
wax, coccerin {c. 0*5-4% of the dried insects) 
and the ether-soluble cochineal fat (c. 7-14% of 
the insects). The fat, as examined by Huerre 
(J. Pharm. Chim. 1911, 4, 56) had an iodine 
value of 50 and an acid value of 89 ; it contained 
only 3% of unsaponifiable matter and yielded 
glycerol. The fatty acids appeared to 
consist of a mixture of myristic, oleic and linolic 
acids. 

Coccerin (m.p. 99-103‘^C.) {cocceryl coccerate) 
was shown by Liebermann {lx.) to be an ester 
of cocceryl alcohol with cocceric {coccerinic 
acid. Cocceryl alcohol, originally believed to 
be a Cgo (Liebermann) or C 32 (Becker) dihydric 
alcohol, has been identified by Chibnall and co¬ 
workers (Biochem. J. 1934,28, 313) as 15-keto-n- 
tetratriacontanol, 

CHgECHaVCOECHJia-CHgOH. 

Correspondingly, cocceric acid, which was 
formerly thought to be a Cgj or C 32 hydroxy- 


acid, has been proved to be a mixture of 13- 
keto-w-dotriacontanoic acid, 

CH3 [CHgVCO [CHalu-COOH, 
and w-triacontanoic acid, CHj-fCHglgg'COOH 
(Chibnall, l.c., cf. ibid. 2189, 2209). 

E. L. 

COCI N IC AC ID. A term now obsolete ay)- 
plied by »Saint-Evre (Ann. chim. 1847,20, 99) to 
an acid, m.p. 34*7^1^, supposed to undecylic 
acid, separated from coconut oil. Like ” umbels 
luUc aeidf' wdiich w'as isolated from tlie seed-fat 
of the Californian bay-tree {Umbelhdaria caiifor- 
nica Nutt., Fain. Lauracew) by 8 tillmann and 
O’Neill (Amer. Chem. J. 1883, 4, 206) and also 
believed to be an undecylic acid, ” cocinic acid ” 
apj)ears to have been, in fact, an imjiurc pre¬ 
paration of lauric acid (dodecylic acid). Ilnde- 
cylic acid (” cocinic acid ”) is also absent from 
chaulmoogra oil, in wdiich its presence was 
reported by Moss (Pharm. J. 1879, 39, 251). 

E. L. 

COCLAURINE is an important alkaloid, 
as it is the rnother-substarKC of the whole 
group of the ” biscoclaurine-alkaloids ” {cf. 
Kondo and Tomita, Arch. Pharm. 1936, 274, 
65). 

It was isolated from Coccidus laur if alius b}^ 
H. Kondo and T. Kondo (J. Pharm. Soe. Jayian, 
1925, No. 524,876). It crystallises in colourless 
plates, m.p. 22—17*01°, easily .soluble in 
hot EtOH and acetone, sparingly so in cold 
EtOH, acetone, EtgO, CHCI3, insoluble in 
benzene and light petroleum. 

BHCI, needles, m.p. 264° ; mcfhiodidc prisms, 
m.p. 155° (tri-acetyl and tri-benzoyl-com- 
pounds). By oxidation of the methine base, 
Kondo obtained oxalic, anisic, and a derivative 
of phthalic acid (CFem. Zentr. 1927, 1, 2203). 
By ethylation of the phenolic OH -groups, 
H. Kondo and T. Kondo obtained degradation 
products which demonstrated conclusivelj’^ the 
following structure (J. pr. Ohem. 1930, [ii] 126, 
24): 


CH C 

HO,- ^ "-NH 


1 



OH 

For absorption-spectrum of 

coclaurine, see 

Kondo, Chem. Zentr. 1929, II, 

752, 1012. 


Schl. 


COCOA. The cacao tree is an evergreen 
shrub indigenous to Mexico and the tropical 
regions of Central America, whence it was intro¬ 
duced into Europe by Cortes in 1528. It belongs 
to the family Sterculiace® and comprises 
several species, that most highly valued and 
cultivated being the Theobroma Cacao, so called 
by Linnaeus, from dco^ (god) and ppeopa (food) 
in allusion to the esteem in which the beverage 
prepared from its seed was held by the natives 
of Central America, and to the Mexican name 
of the tree— Cacouatl or Quacahault. 

Peoduction. —The world production of cocoa 
has steadily increased, rising from 677,600 tons 
in 1931-1932 to 679,160 tons in 1934-1935. 
Of the latter total, the Gold Coast produced 
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258,400 tons and Brazil 98,700 tons. Other 
producing countries are Caracas, Central 
America, Ecuador, Essiquibo, Grenada, Guaya¬ 
quil, Peru, Trinidad, Venezuela and the 
West Indies, Ceylon, East Indies, Philippines, 
Mauritius, Madagascar, San Thome, Cameroons 
and the northern parts of Australia. The 
exportation of cocoa is of increasing importance 
in the trade of certain portions of the British 
Empire. Over 00% of the world trade is of 
imperial origin, whilst about 95% of the raw 
co(!oa uHC'd in the United Kingdom comes 
from the Empire. The quantity of raw co(;oa 
retained for home consumption in this country 
has increased from nearly 50,000 tons in 1926- 
1927 to over 70,000 tons in 1935-1936. The 
largest im})orting country in 1934 was the 
Ibiited iStates of America with 197,000 tons, 
Germany being second witli nearly 100,000 
tons. 

Cultivation. —The cacao tree thrives only 
in tropical temperatures, in districts which are 
moist and sheltered from winds. Thus, those 
places wh(‘rc it is cultivated with success lie in 
latitudes between 25^^ north and south of the 
e(juator and at elevations seldom exceeding 
1,000 feet. The soil affording best results is 
well drained, alluvial sandy loam. McDonald 
(Imp. Coll. Trin. 3rd Ann. Rep. 1933, p. 36) 
gives data relating to suitable and unsuitable 
soils in which the organic matter in good speci¬ 
mens varies between 2-8 and 4*0% whilst the 
available P2O5 is l)etween 63 and 149 parts per 
million. Manuring is nut often necessary 
although stable manure can be aj)plied with 
advantage, and to sandy soils the addition of 
superphosphate in the proportion of 1-3 lb. 
per tree promotes fertility. Potassium ferti¬ 
lisers tend to increase the weight rather than the 
number of the beans. The tree usually grows to 
a height of about 25 ft,, although occasionally 
it reaches 40 ft., but under cultivation it rarely 
exceeds 18 ft. It begins to bear fruit when 3 or 
4 years old, attains full productivity in a further 
4 or 5 years, and may be expected to bear for 
40 or 50 years. Fruit is produced all the year 
round, but harvesting usually takes place only 
twice a year—from February to Ai)ril and again 
in October and November, ffhis requires great 
skill and judgment, as there is danger of the 
fruit being cut oft' too early or the flowers of 
the later crops being damaged. The fruit, 
which is suspended on a short thick stalk, con¬ 
sists of an elongated pod, varying in shape 
between a melon and a cucumber, measuring 
from 5 to 12 in. in length and 2-4 in. in dia¬ 
meter. Inside the pods are beans, varying in 
number from 20 to 40, and embedded in a rose- 
coloured mucilaginous pulp. The trees have 
been divided into three main classes, depending 
upon the fruit and other botanical differences ; 
Criolloy ForasterOy and Calabacillo. The first 
class, in which may be included those of Java 
and Ceylon, produces the finest type of beans, 
but the trees are more difficult to cultivate and 
are less regular in their yield of fruit. The wall 
of the pod is soft and thinner than the other 
varieties whilst the bean is less bitter. Forastero 
includes some of the best products of Central 
America. Calabacillo is the most easily culti¬ 


vated. The pods are smaller whilst the beans 
are flat and have a more astringent taste than 
the other classes. When fresh the beans of all 
classes are usually white, although occasionally 
ranging through red to purple, but after drying 
and exposure to air and light they acquire 
a yellow, red, or brown colour and become hard, 
brittle, and less bitter. 

Fermentation.— After removal from the 
pods the beans have to be freed from the ad¬ 
hering pulp. This is occasionally done by 
artificial or sun drying and subsequent rubbing 
and sorting. This method, however, produces 
a bitter product, quite unfit for the manu¬ 
facture of chof;olate or high-class cocoa. 
The usual procedure includes fermentation, 
which, whilst fatalitating the removal of the 
pulp, improves the flavour and aroma of 
the final profluct. To promote fermentation the 
beans were formerly buried in the ground or in 
trenches covered with plantain leaves. Owing, 
how^ever, to the adherence of earthy matter to 
the beans and the difficulty of control and 
handling, this process is not now' generally em¬ 
ployed. The beans arc now placed in casks or 
boxes or heaped on the floors of sheds. The 
fermentation process usually lasts from 2 to 7 
days, the temperature in tlia,t period rising to 
about 48'''C. ( Vire has to be taken to maintain 
an even temperature throughout the mass and 
this is achieved by shovelling the heaf)8 periodi¬ 
cally or transferring from one container to 
another. "If 10 pro('ess of fermentation is first 
alcoholic, owing to the action of a yeast fungus 
Saccharomyccs Thf'ohroma Proyer, and later 
acetic, set up by Mycodernui aedi. F. L. 
Stevens (Bull. Dept. Agric. Trinidad and Tobago, 
1925, 21, Part 1, 27-35) ex})resses the opinion, 
based upon extensive investigation, that 
successful curing (h'pends upon (1) non-develop¬ 
ment of acidity through avoidance of undue 
exposure to bacteria and yeasts ; (2) complete 
killing of the embryo by heat ; and (3) main¬ 
taining the oxidising enzymes in an uninjured 
condition. A product of superior colour and 
aroma is obtained by keeping the beans at a 
temperature of 40°“60° for several days out of 
contact with bacteria and yeasts. During 
fermentation a large proportion ot‘ the pulp is 
gradually transformed into a liquid (“ sweat¬ 
ings ”), which is allowed to drain away. Wlien 
the beans are satisfactorily cleared of the pulp 
and have assumed the requisite aroma and 
colour they are removed to sieves or troughs 
and thoroughly washed wdth water if such a 
cleaning process be considered necessary. In 
order to improve the quality of the beans 
Defren (U.S.P. 1750795) suggests that they 
should be soaked in successive changes of water 
for a sufficient time to remove at least the 
greater proportion of the soluble bitter in¬ 
gredients. As an alternative to the fermenta¬ 
tion process, a method has been devised whereby 
the beans are treated with a 1% solution of 
sodium carbonate for 10 minute.s at 45°. It is 
stated that cocoa prepared in this way is per¬ 
fectly stable and sterilised, and contains no 
preformed sugar. Theobromine is not present 
in the free state but is formed, together with 
sugar and tannin, by hydrolysis. After cleaning 
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by fermentation or other means the beans are 
dried to a moisture content of 5-8% by Iieating 
artificially or l)y subjection to the rays of the 
sun. Care should be taken to control the 
temperature, as above 5(rC'. the flavour is likely 
to be adversely affeeted. If more than 8% of 
moisture is allowed to remain, the beans may 
become mouldy. In order to hasten the drying 
finely powdered dried earth is sometimes spread 
over and intimately mixed with the beans. The 
mass is then raked, hand rubbed, or “ daneed ” 
with the bare feet, the friction thus set up also 
polishing the beans, thus improving their 
appearance, and removing mil(iew% thereby 
eliminating the possibility of the growth of 
mould during subsequent storage. 

Manufacture. —The preliminary j)rocc8se8 of 
manufacture are : 

(«) Sifting out of sand dust and small stones. 

(6) Picking out by hand of the empty beans 
and foreign matter, such as larger 
stones, grass, and wood. 

(c) Roasting. 

{d) Husking by breaking up the beans and 
sejjarating the husks. 

Berhardt (Chem.-Ztg. 1889, 13, 32) has found, 
from tin' results of actual factory w orking, that 
the losses in these operations amount to 2-3% 
in sifting, nearly 1% in picking, about 5% in 
roasting, and 12 or 13% in husking, making a 
total loss of over 20%. Machinery is now in 
use which combines the first and second opera¬ 
tions w'ith the sorting of the beans into various 
sizes. The objects of roasting are to devek)j) 
to the full extent the characteristic aroma and 
flavour of the cocoa, to render the starch 
granules more soluble, to modify the tannin 
and other astringent ingredients, to render the 
husk brittle arul easily removable, and to drive 
moisture from the nib, thus rendering it fit for 
the subsecpient operations. The process, which 
requires considerabk; care and experience, is 
conducted in rotary cylinders heated to a 
temperature varying from 160 to 3I5"C. by coke 
fire, gas flames, or hot air or superheated steam 
in pipes lining the (ylinders. Uniformity of 
roasting is facilitated by grading the beans so 
that they are approximately of the same size in 
an operation. Defren (Food Ind. 1930, 2, 248), 
however, objects to this usual method of roast¬ 
ing alleging Joss of flavour, charring, and 
difficulty of control. He suggests that the 
aromatic flavours are better retained by the 
use of a stream of heated air to reduce the mois¬ 
ture content to about 3%. The dampers should 
then be closed and roasting at about 100° con¬ 
tinued. After roasting, the beans are cooled 
and then gently crushed in a “ kibbling ” mill 
to fracture the crisp husk and break dowm the 
kemel into its natural angular fragments or 
“ nibs,” after which the nibs, husks, and hard 
rod-shaped germs are separated by winnowing 
and sieving. Care must be taken that the pro¬ 
cess of cooling is not carried too far or the nibs 
will become brittle and break up into small 
particles which may be lost in the husk. The 
husks constitute, on an average, about 12 or 13% 
of the weight of the bean, varying from 7 or 8% 
in the thin-walled beans of Oylon and Java to 


18% in those of Trinidad and the West Indies, 
which have a much thicker shell. The nibs 
represent about 80% and the germ 1%. The 
remaining 6 or 7% is accounted for by loss. 
The husks form a low-priced product sometimes 
used, after grinding, in cheaper grades of cocoa 
and chocolate and occasionally, under the name 
of “ cocoa tea ” being infused as a beverage 
w hich has the flavour of w eak cocoa. They are 
also used as fertilisers, and as an ingredient in 
cattle-feeding materials. They have also been 
suggested for us(' as cattle bedding, but Mach 
and Herrmann (Landw. V^ersuchs-Stat. 1933, 
117, 265) ex]wess the opinion that they are not 
suitable owing to their low water absorption 
capacity compared with that f)f strawy whilst, 
if the proportion of theobromine is over about 
1 %, their consumption by the animals would 
be dangerous. 

The nibs constitute the important part of the 
bean and form the basis of all cocoa and 
chocolate pre})arationH, their ultimate use 
governing the method of treatment to Avhieh 
they are subjected. This, however, do(‘s not 
apply to the first, stage, in which the nibs 
are ])ulveriHed in a hot mill. I’liey are fed 
through a hopper on to revolving stones encas(Hi 
in a jacket heated to about 45°U. Here the 
nibs are speedily reduc(‘d to a molten mass 
owing to the high content of low-molting fat 
(about 3()°C.). When the mass is considered 
to be eomph'tely melted and homogeneous it is 
allowed to run into moulds wdiert^ it cools and 
solidifies. It is then in a convenient form for 
storage, tran8})ort, or furthiu* tn'atment, and it 
is in this state that much cocoa forms an article 
of commer(‘e under the title “ block cocoa.” 

The form in which ('ocoa to be eonsumed as a 
beverage is prej)ar(‘d for sale is knowm (‘om- 
mercially as “ cocoa pow'der.” 3hc high 
projH)^!!)!! of fat in block cocoa w'ould render it 
indigestible and prevent compiete mixture with 
water. About 60 or 70% of the fat is therefore 
removed by subjecting the block cocoa to a 
pressure of about 1,200 or 1,400 lb. per sq. in. 
at a tem])erature of 70°-80°C. The cocoa 
butter flows out through a special orifice and is 
afterwards solidified in moulds ready for use 
in surgical ami pharmaceutical preparations 
and in the manufacture of chocolate confec¬ 
tionery. Although in this process the fat or 
” cocoa butter ” was at first regarded as a waste 
product, its commercial value is now so high as 
to form an inducement for its abstraction from 
the cocoa independently of the demand for the 
defatted cocoa. The cocoa mass, which after 
this treatment contains about 25% of fat, is 
then cooled, crushed in a mill, and sifted, the 
resultant powder being cocoa from which the 
beverage is prepared. A feature of the cocoa 
trade for many years has been the preparation 
and sale of so-called soluble cocoas. These may 
be prepared either by treatment of the cocoa 
powder with steam or ammonia or ammonium 
carbonate, or by admixture with alkali such as 
sodium or potassium carbonate. In the first 
case the cocoa tissue is softened and the fat 
rendered less liable to separate out. In the 
second case, when the mixture is treated with 
boiling water for the preparation of the beverage. 
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an emulsion is formed which retains the powder 
in suspension. These admixtures are not 
regarded as adulteration, but if other sub- 
stanc^es are added the fact should be disclosed. 
Thus it is a common practice to offer for sale 
preparations in which starch or sugar or both 
have been added to the cocoa powder. The 
designation of these by some such term as 
“ chocolate powder ” is generally considered to 
be adc^qiiate indication of the presence of sub- 
stances other than cocoa. The addition of 
starch or sugar, if proj)crly disclosed, is not to 


be condemned. Indeed, it may well be claimed 
that the presence of the starch is of dietetic 
advantage, increasing the carbohydrate content 
and rendering the mixture more easily assimi¬ 
lated by those who find the ])ure cocoa product, 
with its high fat content, indigestible. (P^or 
preparations of cocoa, sec Chocolate.) 

CoMPcxsiTiOff OF Roasted Niii.—This has 
been the subject of considerable investigation, 
and Whymper (“ Coc’oa and Chocolate—Their 
Chemistry and Manufacture,” London, 1912) 
gives the following as tyi)ical results : 
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I 
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— 

— 

— 


11-60 

— 
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^ J. Jic'll, “ TIm' (’licmistry of Roods,” 1887, p; TO. K. T. ]U)o(li, Analyst, 1000, 34, ILL 

^ Zipperer, “ Uiitcrsucli, iibor Kacaoots,” pp. 50, 57 ** H. Adan, Intcriiat. ('otm. App. C’hciii. VTTTr, 203, 

^ Ilciscb, Analyst, 1875, 1 , 142, R. Jiordaa, Jntornat. Cong App, Chcni. VIJJC, 188. 


Cocoa Butter, —I’hc most important in¬ 
gredient of the cocoa bean is the fat which, as 
already indicated, is, in itself, a vahiable com¬ 
mercial commodity sold under the names 
“ Cocoa Butter ” or “ Cacao Butter.” Its 
principal uses are for medical purposes and for 
addition to block cocoa in the manufacture of 
chocolate confectionery. Under the title “ Oleum 
Theobromatis ” the ” British Pharmacopada ” 
describes cocoa butter as ” the solid fat ex¬ 
pressed from the roasted seeds of Theobrorria 
Cacao. A yellowish-white solid fat ; odour 
slight, agreeable and resembling that of cocoa ; 
taste bland and characteristic. Somewhat 
brittle but softens at 25°C.” Cocoa butter is 
readily soluble in ether, chloroform, turpentine. 


and boiling alcohol from which it crystallises 
out almost completely on ('ooling. Lf'wkowitsch 
(d.S.C.I. 1933, 52, 230) gives the following as 
its a})proximate conij)osition : a-j)almitoolco- 
stearin 55%, oleodistearin 25%, ^-palmitodiolein 
about 20%. Liining and Drude (Z. Unters. 
Lebensm. 1931, 61. 491) test<‘d several samples 
by Craf K method of fractional precipitation of 
the magnesium salts (Arch. Pharm. 1888, 226, 
843) with the modification that the nuigncsium 
salts were dried at 95'^ till of constant weight. 
They also determined the melting-points of the 
fatty acids and concluded that no acids higher 
than stearic were present. 

The following are some of the values of cocoa 
butter as published by various investigators : 



1. 

2. 

3. 

4. 

Specific gravity 

0!J!)()0-998 

(15°C.) 

0-964-0 n74 
(IS'-O.) 

0-8823-0-8829 

(GO^C.) 

0-8572-0-8.78I 

OO'-CI) 

0-8831(60°0.) 

0-8562(99-9"C.) | 

Saponification value . 

192-198 

192-195 

— 

— 

Iodine value . 

34-40 

: 32-42 

34-9-40 1 1 


Refraction . 

1-4565-1-4570 

— 

1-4568-1-4570 


Melting-point ®C. . 
Redwood Viscosity 

32-34 

30-34 

30-2-31-2 

32-6 

at 60^C. 

— 

— 

99-1-101-3 

102 


^ Klsdon, “ Kdible Oils and Rats.” ^ Tate and Pooley, Analyst, 1921, 46 , 229. 

* Whyinpcr, ” Cocoa and Chocolate.” * Knapp, Moss, and Melley, Analyst, 1927, 52> 
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The differences, if any, between fat obtained 
from cocoa by the ordinary coramerciaJ method 
of expressing; and that obtained by the method 
of extraction with a solvent as often followed in 
the laboratory may be of importance, par¬ 
ticularly when considering the possibility of 
the presence of some foreign fat. Visser (Chem. 
Weekblad, 1932, 29, 40) considers that the 
term “ cacao butter ” without further designa¬ 
tion should be applied only to the fat obtained 
by exprt'ssion. Fin eke (Bull. Off. Intern. Fabr. 
Choc. Cacao, 1932, 2, 327) staters that when fat 
is extracted from chocolate for examination, 
ether and not light petroleum should be the 
solv^ent, as the latter will not dissolve out the 
wax which is likely to be pn;sent in the adul¬ 
terant fat. Castigiioni (Ann. Falsif. 1935, 28, 
24) gives two methods of differentiation between 
extracted and expressed cocoa fat. In the first 
the melted fat is shaken with glacial acetic acid 
and allowed to stand. The fat on rising to the 
top is then examined by ultra-violet light and 
if extracted shows a bright yellowish-green 
fluorescence. In the second the fat is heated 
with alcohol, hytlrochloric acid and antipyrine, 
when a pink colour indicates that the fat has 
been extracted. Neither reaction is given by 
fata commonly used as adulterants. Kaufrnann 
(Chem. Umschau. Fctte, Oele, Wachse, Harze, 
1931, 38, 265) found that whilst the refracto- 
meter readings showed no marked diffidence 


the Haber-Lowo interferometer gave differences 
as high as 80 on an arbitrary scale. 

Although, in the preparation of cocoa as a 
beverage, the removal of a considerable portion 
of the fat is desirable, the high commercial value 
of cocoa butter, compared with that of the raw 
bean or the various preparations of cocoa, has 
promoted the removal of the fat from the nib 
to an excessive degree and its replacement in 
chocolate confectionery by other fats of vege¬ 
table origin. In addition to the economic 
reason for the extraction of the fat it is some¬ 
times claimed that, for (‘crtain purposes, the 
admixture of a foreign fat is advantageous, 
facilitating manufacture and providing a more 
stable product. The two fats most commonly 
used for this purpose are coconut or palm kernel 
stearin and the so-called “ illi[)e butti'r,” a name 
given in the chocolate trade to Borneo tallow. 
Becently hardened coconut, palm kernel, peanut, 
and cottonseed oils have heen used. The hard¬ 
ened oils have the advantage's of more uniform 
composition, better control of the melting-point 
and elimination of “sugar hloom.” Williams 
(C3iem. Trade J. 1935, 95, 4) states that f)eanut 
and cottonscied oils hardened to 35 have a greater 
degree of contraction on c(){)ling to 10"-d2'^ 
than either palm kernel or coconut, j)robably 
because of the higher proj)ortion of unsat-uratc'd 
glycerides in the former. ('oconut oil when used is 
readily detected by the various constants. 'I'hus : 




Siiponifl- 

Todliio 

value. 


lletrae- 

Kirsch- 


sp.gr. 

15-5-C. 

ration 

value. 

M.p. '(’. 

t ion, 

I’Oj,'' 

IKT. 

value 

Cocoa butter (Elsdon) . 

0-990- 

192-198 

34-40 

32-34 

1 -456.^)- 

0-5 

0-998 




1-4570 


Coconut oil— 







Fryer and Weston . 

0-926 

255-260 

8-9 

23-26 

— 

— 

Bolton. 

— 

255-258 

7-9-8-8 

23-26 

1 -4486- 
1-4492 

1-6-1-9 


Titrc (f.]).| 
ol fatty j 
acids, ‘ (:.)j 


49-50 I 


21-25 I 


Illipc butter, however, docs not display any and Pooley {lx.) determined the following 
such marked differences from cocoa butter. Tate values: 



Sp.gr. 00°C. 

Jlodwood 
Viscosity 
at OO'C. 

M.p. °C. 

Iodine 

value. 

M.p. of 
fatty acids. 

Kefraet ion, 

[’•C 

Cocoa butter . 

0-8823- 

99-0-101-3 

30-2-31-2 

34-9-40 1 

47.70- 

1-4568- 


0-8829 




49-2“ 

1-4570 

Illipc butter 

0-8823- 

100-7- 

30-3-35-8 

27-4-33-4 

52-1“- 

1-4561- 

0-8840 

105-7 



54-r 

1-4573 


It will be seen that the respective values for 
the two fats are so close that none affords by it¬ 
self an effective means of differentiation. Tate 
and Poolc}^ proposed to multiply together certain 
of the constants determined in a standard 
manner, thus obtaining a composite factor for 
each of the fats. The constants treated in this 
way were the specific gravity at 60°C., the 
sp.gr. at 99°C., the viscosity, the melting-point, 
the melting-point of the free fatty acids, and 
the reciprocal of the iodine value. The com¬ 
posite factors thus obtained on twelve samples 
of cocoa butter varied from 2,839 to 3,347, 


average 3,150. Those obtained for a similar 
number of samples of illipo butter ranged from 
3,890 to 4,771, average 4,403. Knapp, Moss, 
and Melley (Analyst, 1927, 52, 452) consider this 
method useful if applied with discretion, but 
they suggest that each worker should determine 
his own average constants. They further sug¬ 
gest the use of the “ titre ” value, particularly 
if other substitutes are suspected. They also 
consider the “ titre ” value the most useful single 
factor which can be determined. That for 
cocoa butter varies only between 49°C. and 60®C., 
w^hilst the mean value for Borneo tallow is 
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64*6°C., and they are of opinion that a sample of 
reputed cocoa butter is adulterated if it gives a 
“ titre ” over 60°C. A method proposed by 
Bywaters, Maggs and Pool {ibid. 1927, 52, 
324) takes advantage of the extreme super¬ 
cooling to which cocoa butter can be subjected. 
It is based upon the “ turbidity temperature ” 
of the melted fat. The method appears to 
afford a valuable approximation to the per¬ 
centage of illip6 butter present. Pichard 
(Compt. rend. 1923, 176, 1224) also uses the 
minimum temperature of supercooling as a 
means of detection of adulteration. By jjlotting 
the temperature of a fused fat as a function of 
time, cocoa butter from different sources gave 
the same curve, differing from those for all 
possible adulterants. The method suggested 
by Koehler {ibid. 1924, 178, 940) is based 
upon a comparison, preferably at 15-20*^^ 
of the number of drops of ethyl acetoacctate 
which must be addeti to a 20% solution in 
chloroform of the 8am])le to obtain constant 
turbidity unchanged by the addition of another 
drop. The “ turbidity number ” varies con¬ 
siderably with ternpt'rature, and the sample and 
pure cocoa butter should be treated simul¬ 
taneously under identical conditions. Hanus 
and Kornorousova (Chem. Listy, 1925, 19, 
394) define the “ ethyl ester number ” as 
the number of c.c. of A/10 potash necessary to 
sajionify the ethyl ester in the* distillate obtained 
from 5 g. of fat after conversion of the glycerides 
into ethyl esters. Idle “ numbers ” for coconut 
oil and cocoa butter are given as 23 and 3 
respectively, reff^rn'd to 1 g. of fat. Ashmore 
(Analyst, 1934, 59, 515) has brought forw'ard 
an ingenious apparatus for observing the tem¬ 
perature at which molten cocoa butter crystal¬ 
lises. A beam of light led by internal reflection 
along a glass rod is projected through a small 
tube of the molten fat suitably housed in a 
darkened chamber. The appearance of the tube 
is noted during cooling. As soon as crystals 
of solid glyceride separate the tube is at once 
illumined by the Tyndal effect produired. The 
temperature at which this occurs can be noted 
with considerable precision and may be used for 
detecting the presence of certain atlulterants. 
Thus genuine coioa butter has a crystallising 
temperature of 20°C., whilst a temperature of 
31*2^ was recorded for Bonieo tallow. 

ddie variation in the melting-point of cocoa 
butter and adulterant fats due to varying time 
and conditions of crystallisation has been 
recognised by many workers. Fincke (Z. angew. 
Chem. 1925, 38, 672) recommends that the fat 
should bo cooled slowdy and with stirring. He 
found that for cocoa butter the temperature 
after 0-66, 2*6, and 14 days respectively w'as 
32-3", 32*3°, and 32-6°. Sabalitschka {ibid. 
1925, 38, 1013) considers that, in order to 
obtain complete solidification, it is necessary 
to leave the melting-point tube on ice for several 
weeks before making the determination. In 
order to overcome the difficulty Tate and Pooley 
{l.c.) determined the melting-point by placing 
a shaving of fat upon mercury contained in a 
porcelain crucible in which the thermometer 
was suspended with the bulb fully immersed. 
The crucible was placed on a wire gauze over a 


very small flame and the temperature taken 
when the first signs of transparency were 
observed in the shaving. 

I'llKOBROMINE {v. CAFFEINE AND THE ALKA¬ 
LOIDS OF TEA, COFFEE AND COCOA) is the principal 
alkaloill in cocoa and is closely related to caffeine 
w hich is also present to a small extent in cocoa. 
The proportion in which theobromine has been 
found to be present has varied (ionsiderably, 
probably in consequence not only of variations 
in the (lifferent type of bean but also, in some 
measure, of the different methods of estimation 
employed. The caffeine is usually included 
with the theobromine, from which, however, it 
can readily be separated by means of cold 
benzene in which caffeine is soluble but theo¬ 
bromine practically insoluble. According to 
Kreutz (Z. Nahr. Cenussm. 1909, 17, 526) the 
proportions found have often represented only 
the free theobromine. He maintains that 
part of the alkaloid is combined and is not 
extra(;ted until the cocoa has been subjected to 
hydrolysis. He found proportions varying from 
2-8 to 5-1%. Wadsworth (Analyst, 1921, 46, 
32) suggests a method of determination in 
wdiich 10 g. of the fat-free material arc tri¬ 
turated in a small porcelain dish with magnesium 
oxide and water, the mass is then refluxed with 
tetraehlorethane and, after filtering, the residue 
is again refluxed with the same solvent anti the 
united washings distilled to small bulk. Pre¬ 
cipitation is then effected with ether and the 
precipitate dried and W'eighed. Wadsworth 
further states (Analyst 1922, 47, 152) that the 
Iheobromim* content varies with the type of 
bean from 2*2 to 3*8% on the dry fat-free 
residue. Ooryainowa (Khem. Farm. Prom, 
1932, 6, 227) suggests a method embodying some 
slight modifications of that proposed by Wads- 
W'orth. During the process of fermentation the 
theobromine content of the nib decreases, whilst 
that of the shell increases. According to 
Churchman (J.S.C.I. 1926, 45, 149) the per¬ 
centage in cocoa shell varies from 0*2 to 3%. 

Albuminoids. —These have been but little 
studied, but Stutzer (Z. angew. Chem. 1891, 4, 
368) has classified the nitrogenous ingredients of 
cocoa as follows : 

(1) Non-proteids, substances soluble in neutral 

water solution in presence of copper 
hydroxide (theobromine, ammonia, 
and amino compounds). 

(2) Digestible albumen, insoluble in neutral 

water solution in presence of copper 
hydroxide, but soluble when treated 
successively with gastric juice and 
alkaline pancreas extract. 

(3) Insoluble and indigestible nitrogenous 

compounds. 

According to Stutzer’s analyses, the proportion 
of albuminoids in cocoa powder manufactured 
without chemicals is between 17 and 18%, of 
which 10% is soluble or digestible albumen, the 
remainder (over 40% of the whole) consisting 
of insoluble and indigestible substances. Forster 
(Hyg. Rundschau, 1900, 314), however, main¬ 
tains that the proportion of digestible albumi¬ 
noids reaches as high as 80%, his experiments 
being made on the human subject, whilst Stutzer’s 
were conducted under laboratory conditions. 
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Starch, as in oleaginous seeds generally, is 
not very abundant. Owing, however, to the 
occasional necessity to identify and estimate 
foreign starch in cocoa preparations its character 
and proportion in the bean are important. The 
starch grains are nearly spherical with a very 
indistinct nucleus. They have a tendency to 
unite in small groups of 3 or 4 and rapidly lose 
the colour imparted by iodine. The average 
size is about 0*00/) mm. The proportion in 
which it occurs in the nib has been variously 
estimat(^d as from 2 to 20%, but many of the 
results are too high, owing, no doubt, to the 
conversion of cellulose into sugar w hen the acid 
method for the starch convt?rHion is employed. 
The diastase* method is preferable in the presence 
of cellulose. The average amount of starch is 
from 4 to 5%, or about 8% calculated on the 
fat-free bean. 

Tannin and Colouring Matter. —It has 
long been knowm that the raw lauin, wdiitdi is 
nearly white, contains an astringent principle 
resembling tannin which is rapidly oxidised to 
form “ cocoa red,” thus imparting to cocoa its 
characteristic (U)lour. Bell states that this 
astringent substance is dilferent from the tannin 
of tea and coffee, and that its rapid (‘hange to 
cocoa red, even during the process of analysis, 
renders its quantitative estimation diflicult. 
Adam (Analyst, 1928, 53, 369) found that the 
unfermented cocoa bean contains {a) a sub¬ 
stance belonging to the catcchin series, (b) a 
catechu tannin, and (c) a compound of coc^oa 
tannin and caffeine. 3’he (.-olouring matter 
which is subsequently developed (consists of 
cocoa red and cocoa brown, w hich are complex 
alteration products of the catechin and tannin 
originally present. "Jlio (jocoa catechin under¬ 
goes alteration during the process of fermentation 
and is absent from the completely fermented 
bean. Fincke (Z. Unters. Lebensm. 1928, 55, 
559) states that both the cocoa red and the 
cocoa brown are tannin substances, the former 
occurring in variable amount in the fresh seeds, 
wliilst the latter is gradually produced during 
fermentation, roasting and grinding. Steinmann 
(Z. Unters. Lebensm. 1933, 65, 454), on the other 
hand, states that the formation of cocoa red in 
the bean depends mainly upon the type of 
coeoa; wLite unfermented beans contain no 
cocoa red which is found only in beans with 
violet cotyledons. UnfermentA^d beans dried 
in the dark contain no cocoa red, but those sub¬ 
jected to the action of light contain free cocoa 
red which, however, disappears on fermentation. 
The increase in colour intensity on long fer¬ 
mentation is ascribed to the liberation of com¬ 
bined cocoa red, induced by the acids, chiefly 
acetic, formed during fermentation. This cocoa 
red goes over slowly into cocoa brown. The 
development of the dark brown-red colour in 
the shell of the bean on drying is probably 
a photochemical reaction. ISteinmann further 
states that whilst cocoa red is easily soluble 
in alcohol, cocoa brown will dissolve only 
with difficulty, but does so readily in an 
aqueous alkaline solution giving a deep 
brown colour. On hydrolysis cocoa red de¬ 
composes into glucose, tannin and a resinous 
substance. 


Mineral Matter. —The ash in cocoa nibs 
varies from 2*4 to 4-5%, the average according 
to Zipperer being 3*6% in raw and 3*9% in the 
roasted kernels. Approximately half the ash 
(wliich is rich in potash and phosphates) is 
soluble in w'ater. The ash is naturally lower than 
the average wdien starch or sugar has been 
added, and higher when fat has been abstracted 
or when the cocoa has been adulterated with 
husks or coloured with pigments. A high 
alkalinity in the ash of cocoa powders indicates 
treatment with alkali as described in the pre¬ 
paration of “ soluble ” cocoa (see von Fellenborg, 
Mitt. Lebensm. Hyg. 1932, 23, 29). 

Cocoa Shell. —The chemical detection and 
approximate determination of shell used in 
cocoa products is of use only in cases of gross 
adulteration. Microscopic methods are generally 
admitted to bo more suitable. In tliis con¬ 
nection von Fellenberg {ibid. 1921, 12, 301) 
found that a sample of cocoa powTler contained 
stone cells 3-6 times the diameter of the cells 
characteristic of cocoa shell and resembling 
those of walnuts. These show' mo.stly a thick 
W'all in the intiirior of which are elongated 
pores. Sometimes no thick wall is noticeabh^, 
in which case the pores reach the peri])hcry. 
They arc noticed in many cocoas ri(‘h in shell. 
They are (diaracteristic of the (•ocoa fruit shell 
and samples showing them contain shell of the 
fruit as w ell as that of the seed. Their ])resenee 
may therefore be taken as a eertain indication of 
adulteration with added shell. Koj)erberg 
(Chem. W'eekblad, 1926, 23, 646) suggests that 
the stone cells in the defatt(‘d mat(‘rial should be 
counted and comj)ared with standards containing 
a known percentage of shell. He expresses the 
opinion, however, that the result can be regarded 
only as an approximation, as commercial samples 
are not suiriciently uniform. Griebel and 
►Sonntag (Z. Unters. Lebensm. 1926, 51, 185) 
agree wdth this but suggest that it may be 
possible to set limiting figures for each cocoa 
product based upon this method. Alpers (ibid. 
1927, 54, 462) further draws attention to the 
fact that stone cells in cocoa jiroducts are 
deformed and broken up by grinding and regard 
should be had to this fact wdieii comparing 
samples with standards. Pliicker and Steinruck 
(ibid. 1931, 62, 364) suggest a method for 
cleaning the tissue, colouring with safranine and 
counting the cells. Winkler (J. Assoc. Off. 
Agric. Chem. 1935, 18, 427) states that crude 
cellulose is the most promising characteristic for 
indicating the proportion of shell in cocoa pro¬ 
ducts, the spread in percentage of this con¬ 
stituent in nib and shell being much greater than 
that of crude fibre. The ash of shells differs 
from that of nib, being 2-3 times as great, and 
being richer in alkaline carbonates and silica. 

Cocoa Feeding Meal. —The use of the jiro- 
ducts of the cocoa bean in the preparation of 
feeding stuff's for animals renders important the 
findings of investigators who have expressed 
opinions adverse to such use. Koth6a (Bull. 
Sci. Pharmacol. 1920, 27, 355) gives, as a reason 
for the unsuitability of cocoa shell as a horse 
food, the high percentage of theobromine, of 
which he found 1-09%. He is of the opinion 
that untreated cocoa shell is unfit for animal 
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food. Marchadier and Goujon (Le Mans, 
J. Pharm. Chira. 1919, 20, 209) state that 
cocoa shell deprived of its extractive matter 
is devoid of nutritive value, and its sale as 
food for animals should be prohibiUnl. They 
agree with Jtothoa, however, in suggesting that 
the alkaloidal bases of cocoa sljell are dangerously 
toxic, and that the shell should be used 
only in small daily doses. With regard 
to cows, Biingcr and Lampreeht (Milch. Zentr. 
1926, 55, 49) find a de(dded inereast^ in total 
protein of the milk when cocjoa meal is fed, 
the casein increasing more than the albumin. 
Lactose, on the other hand, decreases somewhat. 
Aplin and Ellenberger (Vermont Agric. Exp. 8ta. 
Bull. 1927, 272) found that cocoa meal in the 
rations of milking cows increased the proportion 
of fat but reduced the milk yield so that the gain 
in fat production was small. They further state 
that the theobromine was responsible for these 
changes, the (iaflVdne cont(mt producing no 
noticeable elfcet. Aplin {Hrid. 1927, 271) 

also slates that cocoa meal is not a suitable 
ingredient, of hog or pig ration, causing litters of 
undersized i)igH when fed to pregnant sows and 
exerting a toxic effect on young i)igs. Robinson 
(Ohio Agric. Exp. Sta. Special (.'ircular, 1932, 
26) stfites that cocoa bean is not of great 
value in fattening hogs, and attributes the poor 
results to the presence of theobromine and 
cad cine. 

E. G. H. T. 

COCONUT, COCOANUT, The fruit of 
the cocoanut palm, Cocus nucifera L. The 
fibrous outer husk of the cocoanut yields the 
coir fibre largely used in the manufacture of 
matting and cordage. The dried fleshy endo¬ 
sperm of the nut is the copra of commerce, or 
when specially cleaned, dried, and shredded forma 
the “(lesiecattHl cocoanut” or “cokernut” 
used in confectionery. The press-cake from oil 
extraction, known as “ cocoanut cake,” is a 
much valued cattle food. 

Of the whole nut 30-50% consists of husk ; 
the nunaindcr, the cocoanut usually met with, 
comprises shell 27-28%, fleshy kernel 55-56%, 
” milk ” 17 -18%. 

The following are average analyses of cocoanut 
products : 
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Water . 

91-5 

46-3 

3-5 

10-7 

5-8 

Protein . 

0-4 

4-1 

6-3 

19-1 

8-9 

Fat . 

1-5 

37-3 

57-4 

11-1 

67-0 

Carbohydrate 

4-6 

7-9 ^ 


r4i-o 

12-4 

Fibre 

0-0 

3-4 

1 14-1 

4-1 

Ash . 

0-8 

1-0^ 

1-3 

4-0 

1-8 


^ From ripe nuts. 




The protein of cocoanut flesh consists almost 
entirely of a globulin, conglutin (Ritthausen) or 
phytovitellin (Chittenden and !8etchell) con¬ 
taining 17-8-18'4% N and 1-8% ash. A small 
amount of a proteose is also present. Johns, 
Links and Gersdorff (J. Biol, C%em. 1919, 37, 
149, also Jones and Johns, ibid. 1920, 44, 283, 
291) record the nitrogen distribution of the 
globulin as: 


% of total N. 

Amide-N.7-99 

Humin- N .1 -5 

Cystine-N.0-96 

Arginine- N .29*5 

Histidine-N .... 3*68 

Lysine-N.6-41 

Amino-N of filtrate . . 45-44 

Non-amino-N of filtrate . 4-6 

The composition of the products of h^^drolysis 


Alanine.4-11 

Valine.3-57 

Leucine.5-96 

Serine.1-76 

C'ystine.1-44 

Aspartic acid . . . . 5-12 

Glutamic acid . . . .19-1 

Tyrosine.3-18 

Phenylalanine .... 2-05 

Proline.5-54 

Tryptophan . . . present 

Arginine.15-92 

Lysine .5-80 

Histidine.2-42 

Leucylvaline anhydride . 0-64 

Ammonia.1-57 

The milk of the cocoanut consists of an 

emulsion of oil in water stabilised by protein, 
the colloidally disj)erHed proteins btung ad.sorbed 
at the oil-water interface'. The atpieous phase 
contains dissohc'd sugar (C^cuneiitc and Villa- 
corte, Univ. Philippines Nat. A])pl. 8ci. Bull. 
1933, 3, 7). In tiu- milk of young nuts sucrose 
is the principal sugar, and small amounts of 
glucose and mannitol are reported. Jlie ])ro- 
portion of glucose and sucrose appears to vary 
corusiderably in the ditferent stages of maturat ion 
(Dunstan, Trop. Agric. Mag. Ceylon Agric. Soc. 
1906, 26, 377; Lahille, Bull. Econ. Indochine, 
1920, 23, 1). According to Gonzalez y Sioco 
(Philippine Agric. Forest, 1914, 3, 25) the ripen¬ 
ing is characterised by three stages: (1) eom- 
meneernent of endosperm formation when 
invert sugar and amino-aeids accumulate in the 
milk, (2) drying out of tissue of green nut wLen 
sucrose is produced, (3) oil formation in the 
endosperm during which the total solids of the 
milk diminish. In dried copra meal, Caray 
(Philippine Agric. 1924, 13, 229) found the 
following percentages of carbohydrate materials : 
sucrose 14-3, raflinose 2-4, galactose 2-4, pentoses 
2-4, fructose 1-2, glucose 1-2, cellulose 15-5, 
pentosans 2-2, starch 0-9, dextrin 0-6, galactan 
0-5, 


Buchofen 

records 

the 

following 

mineral 

analyses: 

Husk. 

Shell. 

Korncl. 

Milk. 

Total ash 

1-63 

0-29 

0-79 

0-38 

KgO . . 

30-71 

45-01 

54-06 

34-57 

NajO 

27-56 

23-67 

2-66 

13-96 

CaO . . 

4-14 

6-26 

3-10 

7-43 

MgO. . 

2-19 

1-32 

1-98 

3-97 

F 62O3 

0-54 

1-39 

0-59 

trace 

P2O6 

1-92 

4-64 

20-33 

5-68 

SO3 . . 

3-13 

5-75 

8-79 

3-94 

SiOj . . 

8-22 

4-64 

1-31 

2-95 

Cl . . 

27-88 

9-44 

9-25 

35-52 
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Small proportions of zinc occur in the endosperm 
but not in the milk (Bertrand and Benzon, Bull. 
Soc. Sci. Hyg. aliment, 1928. 16, 457). 

A. G. Po. 

COCONUT OIL GROUP. Under this 
heading is grouped a number of closely similar 
fats (often known as the “ nut oils,” or in German 
as “ Leimfette ”), which are derived from the 
seeds of various tropical species of the family 
Palm/e, and which differ from other vegetable 
fats by having high saponification values (235- 
265) in conjunction with high Beichert-Meissl 
values (5-9) and Polenske values (10-20); 
the iodine values are fairly low (c. 8-25). The 
fairly high Reichert-Meissl values, consequent 
upon the presence of the soluble v^olatile fatty 
acids, caproic and caprylic acids, bring these fats 
into superfic ial relationship with the mammalian 
milk fats; they differ essentially from the 
latter, however, not only in containing vegetable 
phytosterols (in the unsaponifiable fraction) in 
place of the cholesterol of the animal fats, 
but also in that the nut oils do not contain 
any butyric acid. The presence of the volatile 
caprylic and eapric acids differentiate the nut 
oils from otlier fats (such as those of the Dika 
Fat Group, q.iKy and Laurel Fat Group), which 
likewise possess high saponification values 
but do not contain appreciable amounts of 
acids of lower molecular weight than lauric acid, 
and hence display very low Keichert-Meissl 
and Polenske values. 

Two fats of this group, viz. coconut oil and i 
palm-kernel oil, are of very great comn)ercial 
importance, whilst the trade in babassu nuts 
and murumuru nuts, which has become estab¬ 
lished within the last twenty years, seems likely 
to increase. A number of nuts of this group, 
such as cohunc nuts (from Orbignya cohujie 
Mart. Dahlgren, v. infra)^ mocaya, Paraguay 
or gru-gru palm nuts (from Acrocomia sclero- 
carpa Mart.), tucum and aouara nuts (from 
Asirocaryum tucuma Mart, and Astrocaryum 
vulgare Mart. (c/. Bray and Elliott, Analyst, 

1916, 41, 298; Bolton and Hewer, ibid. 

1917, 42, 35 ; Freise, Chera. Umschau, 1931, 
38, 216), and the nuts of the kokerite or 
inaja palm, Maximiliana regia Mart. {cf. 
Bull. Imp. Inst. 1916, 14, 8; 1927, 
25, 1) occasionally appear on the market as 
sources of coconut-like fats. Cocos bonetti^ 
Becc. is being cultivated experimentally at 
Suchum in the Black Sea region; as might be 
expected, the oil from this species, which 
grows on the northern limit of distribution of 
the genus Cocos, has a higher iodine value {viz. 
23-24) than the fats from the tropical members 
of the group, and it is therefore proposed to 
hydrogenate the oil, in order to render it more 
acceptable as a substitute for coconut oil {cf. 
S. Ivanov and Alissova, Chem. Umschau, 
1929, 36, 401). The fats from a number 
of other species, such as the burity and murity 
palms {Mauritia sp.), the jauary palm {Astro¬ 
caryum jauary Mart.), the piririma palm 
{Cocos syagrus Drude), and other speefies of 
Aitalea, Maximiliana, etc., are utilized by the 
natives of the countries in which they grow 
for edible purposes, as burning oils, or in 
pharmacy or soap-making; it is possible, also. 


that such fats may be included at times in the 
“ coconut oil ” prepared in such districts. 

It may bo pointed out that the fats discussed 
in this article are all derived from the seeda 
(kernels) of the palms ; in some instances, for 
example, in the case of the common oil palm 
Elads guineensis, and the aouara palm, the peri¬ 
carp or fruit-flesh surrounding the seed is also 
rich in oil, which differs, however, considerably 
from the corresponding sccd-fat ; these palm- 
fruit fats will be discussed under the heading 
Palm Oil. 

Coconut Oil is the fat derived from the 
kernels of the coconut palm. Cocos nucifera L., 
which grows on all coasts and islands in the 
tropics. The tree is supposed by 0e Candolle 
{cf. A. W. Hill, Nature, 1929, 124, 133, 151) 
to have been indigenous to the Malayan Archi¬ 
pelago, whence the seeds, well protected by the 
envelojang thick coir, were carried by sea- 
currents eastward to the Pacific Islands and the 
coast of (Vntral America, and to the west to 
Ceylon and Africa, so that it is now found 
growing wild, or under semi-cultivation, on all 
tropical coasts in both hemisjfiieres; it is, 
however, especially abundant on the Malabar 
and Coromandel coasts of India, in Ceylon, 
and in the East Indian and Pacific Islands. 
Apart from self-planted or “ wild ” coconut 
land, the extent of which cannot be calculated, 
it has been estimated (1930-1932) that about 7J 
million acres are devoted to the cultivation of the 
coconut, of which some 96-97% lie in Asia 
and Oceania, and about 53% within the British 
Empire. Whilst the Indian acreage of some 
1,330,000 acres is the largest area in any single 
country, the whole of the crop is now consumed 
locally, leaving no balance for exi)ort, and 
the chief countries exporting copra or coconut 
oil, or both, are the Philippine Islands, the Hutch 
East Indies, the South Sea Islands, Ceylon, and 
Malaya. (Within the last few years the pro¬ 
portion of the Cingalese exports destined for 
India has rapidly increased and amounted to 
95% of the total shipments from Ceylon in 
1936). The total world shipments of copra 
and coconut oil (calculated as copra containing 
65% of oil) from the principal exporting 
countries are of the order of 1^ to IJ million 
tons per annum, of which, from 1924-1930,^ 
35% (on the average) was furnished by the 
British Empire (including Ceylon), and about 
30% each by the Philippine Islands and Butch 
East Indies. These shipments represent about 
57% of the total production, the balance of 43% 
being consumed locally by the copra-producing 
countries. (For detailed studies of the statistics 
and economic position of coconut oil and copra, 
from which the above figures have been 
extracted, see “ Survey of Oilseeds and Vegetable 
Oils,” No. 2; ** Coconut Palm Products,” Empire 
Marketing Board, E.M.B. 61, Bee. 1932, 
H.M.S.O.; “ Vegetable Oils and Oilseeds,” 

Imperial Economic Committee, 1936, H.M.S.O.; 

^ Full figures for later years have not been published 
In collated form, but it may be estimated from the 
available data (cf. “ Vegetable Oils and Oilseeds/" 
Imperial Economic Comm., 1936) that for 1933-1936 
the proportions are about 30-33%, 33-35%, and 27- 
33% for the British Empire, Philippine Islands, and 
Dutch East Indies respectively. 
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Snodgrass, “ Copra and Coconut Oil,” Leland- 
Stanford Univ., 1928). 

The coconut industry in Ceylon and Malaya is 
described by F. C. Cooke (Dept. Agric. S.S. and 
F.M.S. Gen. Ser. 1932, No. 8), who also makes a 
comparative report on the Philippine Islands 
industry in a later publication {ibid. 1936, 
No. 23 ; cf. Gothwaite, “ Trade in Philippine 
Copra and Coconut Oil,” U.8. Dept. Commerce, 
Trade Promot. Ser. No. 11, 1925; Snodgrass, 
lx.). 

The coconut palm flowers when about 5-7 
years old, and begins to bear fruit from the ago 
of about 8 years up to 30 or 60 years or more, 
according to the variety of the plant and cultural 
conditions. The large, drupaceous fruit consists 
of an outer skin and thick fibrous j)ericarp 
(from wliich the well-known ” coir ” is obtained) 
surrounding the stone or “ nut,” which consists 
of a hard woody shell (endof*arp) within which 
is the coconut kernel or seed. The fleshy endo¬ 
sperm or “ meat ” which contains the fat is 
built up gradually from a milky juice as the 
fruit ripens. Wh(;n the nut is mature, the milky 
juice has almost disappeared, and the endosperm 
forms the well-known hollow kernel, in which 
the remainder of the juice (the coconut “ milk ”) 
is enclosed. The fresh “ meat ” contains from 
30-40% of fat and 50% of moisture. 

Since the earliest times in the history of man, 
coconut kernels have been used as articles of 
food by the natives of the South Sea Islands and 
of India : the oil first became known in Europe 
in the eighteenth (Huitury, but neither the oil 
nor copra was imported in any notable (pian- 
titics until 1820 {cf. Soaniea, B.P. 5842, 1829). 
In the United States, which is now the largest 
consumer of coconut oil outside the coi-)ra- 
producing areas (apparent consumption, c. 
260,000 to 330,000 tons per annum), the utiliza¬ 
tion of coconut oil in soap-making only dates 
from the beginning of this century, whilst its 
employment in the manufacture of margarine 
has only developed since the World War. 

Franco now follows the United States as the 
second largest non-tropical consumer of the oil 
(c. 120,000 tons per annum), whilst Germany, 
which was by far the biggest consumer in pre- 
War days and held second place from 1924 to 
1929, fell to third place in 1930, and was just 
superseded in apparent consumption by the 
United Kingdom with 92,000 tons in 1931. 

The most primitive native method of obtaining 
the oil consisted in merely chopping up the 
kernels and exposing the pieces to the sun 
until the oil exuded and could be collected. In 
India, where at an early date the oil was 
extensively used for food and in j)harmacy, 
more refined methods, which form the basis of 
present-day commercial practice, were employed. 

After removing the fibre the nuts were split, 
the “ milk ” poured off, and the half-nuts 
exposed to the sun until the kernels were 
dried and could easily be detached from the 
shells; the dried kernels were then triturated 
and expressed in order to recover the oil. The 
residual mass (“ coconut poonac ”) was used as a 
cattle-food. The best quality of oil—the 
original “ Cochin oil ” from the Malabar coast— 
was prepared by throwing the pounded, dried 


kernels into boiling water and skimming off the 
liberated oil. The reputation of Cochin oil was 
such that the term has come to bo used to 
designate the finest, whitest grades of oil, 
regardless of the place of origin or of the method 
employed to prepare the oil (as stated above, 
Indian-j)roduced oil (and copra) is no longer 
exported to Europe). “ Ceylon oil ” was pre¬ 
pared ill Ceylon by similar methods, but, owing 
to various circumstances, represented as a ruhi a 
slightly inferior grade of oil having a somewhat 
higher content of free fatty acid than the 
Malabar product. 

A further expansion in the coconut industry 
followed when it was recognized that, whereas 
the fresh, moist kernels readily putrefy, causing 
hydrolysis and rancidification of the oil, well- 
dried kernels (containing less than 8% of water) 
could be preserved for a considerable time 
without damage to the contained oil, so that 
the drying treatment developed into a manu¬ 
facturing process for producing the dried kernel 
— copra —for export to Europe and the United 
States, where the oil could be expressed on the 
large scale with modern machinery. Formerly, 
apart from the Ckichin and Ceylon oils (amount¬ 
ing to about 10% of the total), all the industrial 
coconut oil (” copra oil ”) was thus prtqmred in 
the consuming countrit*s from imported copra, 
and it is still true to-day that copra bulks far 
larger in the exports Irom the producing areas 
than does coconut oil, I’liere has been a growing 
tendency, however, within recent years to 
establish modern oil mills in the principal copra- 
producing districts, such as the Philippine 
Islands, Cejdon, Dutch East Indies, and 
Malaya, and to export the oil as such, so that in 
the period 1927-1930 about one-quarter of 
the aggregate exports of copra and coconut oil 
from the copra-producing areas was 8hipj)ed in 
the form of oil (IC.M.B. 61, l.c.). Formerly a 
sharp distinction existed between “ sun-dried ” 
copra and “ kiln-dried ” or “ smoke-dried ” 
copra; for a given type of coconut, a “sun- 
dried ” product, prepared by exposing the split 
nuts to the sun for several days, is the better, 
since it yields a paler and less acid oil; but in 
regions where the climate does not permit of 
this process, recourse must be had to artificial 
drying, and the split nuts are “ kiln-dried ” or 
“ smoke-dried ” by spreading them on (bamboo) 
grids supported over a fire of coconut shells and 
husks {cf. F. C. Cooke, Z.c., also Malay. Agric. 
J. 1936, 24, 167, 332; 1937, 25, 93). Even in 
Ceylon (which produces the highest-priced 
copra) it is now the usual practice to allow only a 
preliminary drying in the sun (for 1-2 days) 
and to complete the drying in the hot kilns 
(4-6 days); hence the term “ sun-dried ” has 
come to lose its original narrow significance, and 
is used in the trade as a designation of quality 
in copra, without especial reference to the mode 
of drying. In the somewhat primitive kilns 
employed, the fumes from the fire obtain ready 
access to the copra itself and impart to it a 
peculiar empyreumatic odour and also cause a 
certain amount of discoloration, and, occasion¬ 
ally, scorching; the quality of the product 
(which is judged by the appearance of the 
copra and by the colour, etc., of the oil obtain- 
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Table I. 


Usual Anat.ytical Characteristics of Fats of the Coconut Oil Group. 



Coconut oild 

Palni-kcriicl 

oil.^ 

Cohune nut 
oil. 

Babassu fat. 

Muruiiiuru 

fat. 

Melting-point . 

23'"-28°C. 

23°-30°C. 

18^-20"C. 

22°-26°C. 

32^-35%\ 

(>30°C.) 

(>30“C.) 

()-8Ca-0-87l/)™ 

c. 0-867/;“ 


Specific gravity 

c. 0-874/- 

c.0-873/;r 

— 

Iodine value 

8-10 

15-23^ 

9-14 

8-17 

11-13 1 


(7-5-9-5) 

(14-19) 




Saponification value . 

250-264 

243-250 

251-256 

246-263 

237-242 

«25f.) 

(242-252) 




Reichert-Meissl value . 

6—8 

5-7*5 

6*8-8-5 

5-9 

c. 3 

Polcnske value 

15-20 

10-12 

12*5-15*5 

4-13*3 

(usually 

11-13) 

c. 7 ! 

Bertram A-value . 

27-4-30-5 

16*5-17(«) 

— 

19*5, 24*1 {h) 

8*7 (c) \ 

Bertram B-value . 
Hehner value (insoluble 

2r)-31 

l*8-2*l(a) 

— 

1 *9-2*0 ((^) 

1*4 (c) 

fatty acids) 

88-91% 

c. m% 


88-91% 

c. 93% 

Unsaponifiable matter. 

6 . 0-2% 
(>0*8%) 

0 *2-0*8% 

0*5% 


0*3-0*6% 

Titre (f.p. of fatty acids) 

20°-23^dk 

20^^-25‘^C’. 

c. 2rc. 

2 r-24^0. 

c. 26 Tk 


(a) Four samples, laboratory prepared. (b) Two samples. (c) One sample. 

^ FiK^iros ill brackets denote limits spocined in British Standard Specification 628 for Coconut Oil; refractive 
index at 40’C., l-448.")-l-44fi2 ; free fatty acids (calculated as laiiric acid), 

2 Figures in brackets denote limits specified in British Standard SjK'cification 652 for Crude Palm-kernel 
Oil; refractive index at 40'"C., ]'44fi -1'451 ; free fatty acids (calculated as lauric acid), ^0*^’,,. 

^ The aviTago Wijs iodine value lor over 1,000 samples examiiK'd by Kllis and Hall (.I.S.C.I. 1011), 38, 128T) 
was 18-0 for the crude oils and J8-i for the refined oils, the minimum and maximum values beinn 15-0 and 22’9 
respectively. 


able from it) dei)eiids on the care witli which the 
drying proeeaa is conducted. In many of the 
larger estates outside Ceylon hot-air drying is 
emjdoyed, and in a few places, modern systems 
of kiln- or furnace-drying (rotary driers, 
vacuum driers) have been installed, which yield 
a product of very high quality. Strictly sun- 
dried copra contains, on the average, 50% of 
fat; kiln-dried copra of good quality should 
contain about 4-0% of water and yield about 
65% of oil with a free fatty acid content of less 
than 1% {cf. E. B. Copeland, “ The Coconut,” 
1931). In certain types of kiln-dried or hot-air 
dried copra, the percentage of oil may rise to 
over 70%. 

The copra is expressed in oil mills in a manner 
similar to that in which oil-seeds generally are 
worked up. In India, quite good results are 
obtained in native mills of the pestle and 
mortar type, but in the Phihppine Islands, and 
other up-to-date tropical establishments, the 
oil for export is expressed in modern machinery 
of the same type as is current in Europe or in 
the United States. Owing to the high oil con¬ 
tent, copra is expressed in two stages at a 
temperature of 60-65*^, box-presses (Anglo- 
American type), cage-presses or expellers being 
employed; the practical yield varies from 
63% to 66%, according to the proportion of oil 
in the copra. The quality of the oil and the 
proportion of free fatty acids ^ depend upon the 
quality and condition of the raw material. 
The press-cake obtained as a by-product of the 

^ In reporting the free acidity of coconut oil, etc,, 
It is usual to express the percentage of free fatty 
acids in terms of lauric acid. 


expression, which (iontains from of oil 

(when prepared in modern mills), aiul about 
of proteins, is used as a cattle-food or 
fertiliser; the pnqmration of a press-meal 
suitable for liuman I'onsumption lias been pro- 
})osed (c/. Parker and Brill, PhiJipjune J. 8ci. 
1917, A, 12, 87). 

Coconut oil expressed in the tropics, as well as 
copra, is now largely shipjied in bulk : the copra 
may be unloaded by mechanical means similar 
to those employed for discharging grain (cf. 
A. W. Allen, Chem. Met. Eng. 1923, 29, 614); 
the oil is melted (if nccessaiy) by means of 
steam-coils situated in the ships’ tanks before 
pumping into shore-tanks. 

In temperate chmates, coconut oil is a solid 
white fat of bland taste having a peculiar, but 
not unpleasant, odour of coconut meat. The 
odorous substances, wliich are present in very 
small amount, eonsist chiefly of methyl heptyl 
ketone and methyl nonyl ketone (HaUer and 
Lassieur, Compt. rend. 1910, 151, 697; Sal way, 
J.C.S. 1917, 111, 407; Brooke, Philippine J. Sci. 
1926, 30, 201). These two ketones, together 
with certain other volatile ketones, carbinols, 
etc., are removed in the deodorizing and 
refining of coconut oil for edible purposes. 
When crude coconut oil is stored for long 
periods in the liquid condition, a waxy sediment 
may be formed, from which a purified wax 
(yielding myricyl alcohol and cerotic acid upon 
saponification) can be recovered, which is stated 
to be suitable for use as an ingredient of polishes 
(Tanchico, Philippine J. Sci. 1936, 57, 423); this 
sediment is not to be confused with any “ foots ” 
or remains of the press-meal, which are normally 







COCONUT OIL GROUP. 


241 


removed by filtering the crude oil immediately 
after expression. 

The usual ranges of analytical characteristics 
of coconut oil are shown in Table I on page 
240. 

It may bo noted in passing that coconut 
parings oil, i.e, the dark oil recoverable from the 
brown skin (testa) of the coconut kernel, 
which is shaved off in the preparation of desic¬ 
cated coconut for confectionery, has a higher 
iodine value (21-60) and lower saponification 


value (221-241) than the oil from the inner 
tissues of the kernel; similar differences are 
also found between the corresponding rind 
and kernel oils in the case of palm-kernels and 
babassu kernels (r/. Allan and Moore, J.S.C.I. 
1925, 44, 61T, 94T; Wittka, Z. deut. Gel- u. 
Fett-lnd. 1925, 45, 417). 

The composition of the fatty acids and 
glycerides of coconut oil is shown in com¬ 
parison with the figures for other oils of the same 
group in Table II: 


Table II. 


(a) Percentage Composition of the Fatty Acids of Fats of the Coconut Oil Group. 
(5) Constituent Glycerides of the Fats (probable composition). 


Fatty Acids. 

Coconut 

oil.i 

Palm- 
kernel 
oil. 2 

Cohune 

nut 

oil.® 

Bab¬ 

assu 

fat.^ 

Muru- 

muru 

fat.® 

Tucum 

fat® 

Cru-gru 

fat.« 

Coconut 

parings 

oil.’ 


(a) Percentage. 






Caproic. 

c. 0-5 

— 

trace 

0-1 

_ 

_ 

— 

. — 

Caprylic. 

7-9-9-5 


7-5 

6-5 

M 

1-3 

7-8 

2(?) 

Capri 0. 

4-5-7-6 

3-7 

6-5 

2-7 

1-6 

4-4 

5-6 

2 

Laurie. 

45-51 

47-52 

46-5 

45-8 

42-5 

48-9 

44-9 

28 

My r is tic. 

16-18-5 

14-15 

16-0 

19-9 

36-9 

21-6 

13-4 

22 

Palmitic. 

7-5-9 

7-5-9 

9-5 

6-9 

4-6 

6-4 

7-6 

12 

Stearic. 

2-3 

1-2 

3-0 

— 

2-1 

1-7 

2-6 

1(?) 

Oleic. 

5-8 

16-18-5 

10-0 

18-1 

10-8 

10-8 

16-5 

23 

Linolio. 

1-2-6 

1-0 

1-0 

— 

0-5 1 

1 0-4 

1-6 

i 10 

(b) Glycerides Present in the Oil {Probable Approximate Composition) 


Fully sat uratcd triglycerides— 









Wt..o/„. 

81-84 

63 


— 

— 

70 

64-5 

—, 

Mol.-%. 

Mono-unsaturated-di-saturated 

84-86 

66 



— 

73 

69 

— 

glycerides (mol.-%) 
Ili-unsaturated-mono-saturat.ed 

10-5-12 

25 

— 

— 

— 

18 

22-0 

— 

glycerides (mol.-%) . 

Fully unsaturated glycerides 

3-5 

9 

— 

— 

— 

9 

9 

— 

(mol.-%). 

probably absent (less than 5%) 






^ CollinantlHilditch, J.S.C.1.1928,47,261T ; Collin, JMochem.J. 19:13,27,1309 ; Armstrong, Allan, and Moore, 
J.S.C.1.1925,44,011’; Taylor and Clarke, J. Amer. Chcni. Soc. 1927, 49, 2829. 

2 Collin and Hilditch, l.c. ; Armstrong, Allan, and Moore, J.S.C.I. 1924, 43, 207T ; 1925, 44, 143T. 

3 Hilditch and Vidyarthi, J.8.C.I. 1928, 47 , 35T. 

* Heiduschka and Agsten, J. pr. Chem. 1930, [IIj 128 , 53. 

® Saraiva, Mem, Inst. Clilm, Kio do Janeiro, 1929, IS’o. 2, 5 ; Andre and Ouichard, Compt. rend. 1925, 181 , 
228. 

® Collin, Biochem. J. 1933, 27 , 1306 (sap. vals. 243-6, 252-4 ; iodine vals. 15-8, 17-1 for tucum and gru-gru 
fats respectively). 

7 Allan and Moore, J.S.C.I. 1925, 44, 61T, 94T. 


Trilaurin is substantially absent, all the 
glycerides present being mixed glycerides 
containing two or three different acid radicles, 
among which dilauro-myristins appear to pre¬ 


dominate (CoUin and Hilditch, J.S.C.I. 1928, 47, 
26IT). The individual glycerides shown in 
Table III have been isolated and identified in 
coconut, palm-kernel, and babassu oils respec- 


Table III. 


Glyceride. 

Coconut oil. 
M.p. "C. 

Palm-kernel oil. 
M.p. ‘'C. 

Babassu oil. 
M.p. "C. 

Caprylo-lauro-myristin. 

15-0 

_ 

_ 

Caprylo-myristo-olein. 

— 

13-9 

— 

Uilauro-myristin. 

330 

33-4 

34-9 

Lauro-dimyristin .. 

38-1 

400 

36-1 

Bimyristo-palmitin. 

45-1 

45-2 

45-7 

Myristo-dipalmitin. 

— 

51-4 

— 

Dipalmito-stearin. 

560 


56-9 


VoL. III.—16 

























242 


COCONUT OIL GROUP. 


lively, by Bomer and Schneider (Z. Unters. 
Nahr.-Genussm. 1924, 47, 61), and by Bomer 
and Hiittig (Z. Ihiters, Lebensin. 1938, 
75, 1). 

In consequence of the high content of acids of 
low molecular weight (the mean molecular 
weight of the total fatty acids of coconut oil, 
for instance, averages 209 as compared with 
270-290 for other 1‘ats such as palm oil, olive 
oil, etc.), the yield of glycerol from the saponifica* 
tion of the nut oils (theoretically 13-5-141%) 
is higher than the yield (theoretically 10*3- 
11%) from other soap-making fats. 

Refined and deodorised coconut oil (or palm- 
kernel oil, V. mfra) is used to an enormous 
extent as a raw material for the manufacture of 
margarine, and accounts, in fact, for some 
60-66% of the total fats consumed for this 
purpose in the United vStates. In Europe, the 
proportion of coconut oil ein})loyed for mar¬ 
garine is lower (some 20-30% of the total fats 
used) owing partly to replacement by palm- 
kernel oil and, especially, to the rapidly increas¬ 
ing use of hydrogenated whale oil. 

It is also used as an ingredient of shortenings 
and as a cooking fat (“ vegetable butter ”), 
especially on the Continent, where such pre¬ 
parations as beurre v^gital and consist 

almost entirely of palm-kernel or coconut oil ; 
in the tropics, also, coconut oil is commonly 
employed as a cooking oil. 

Coconut stearin (iocline value 4-7, m.p. 27°- 
32*^0., saponification value 250-260), which is 
obtained by filter-pressing cooled refined 
coconut oil so as to remove the more liquid 
glycerides, is used as a chocolate—and con¬ 
fectionery—fat {q,v.). Lightly hydrogenated 
(hardened) coconut oil is also used for the same 
purpose. The expressed liquid portion— 
“ coconut olein ”—is used in the United States 
for frying confectionery nuts or for soap-making, 
A considerable quantity of technical coconut 
stearin, prepared by pressing inferior grades of 
the oil, was formerly used in the manufacture of 
night-lights {v. Candles). 

The technical grades of coconut oil are used 
in enormous quantities in the manufacture of 
soaps. Owing to the low content of unsaturated 
acids, and the presence of a large proportion 
of saturated acids of low molecular weight, the 
sodium soap of coconut oil (or palm-kernel oil, 
etc.) possesses great hardness and the power to 
retain considerable quantities of water without 
becoming soft and also a high solubility and good 
lathering properties in cold water and in salt 
water. Further, coconut oil soaps are not 
thrown out of solution (' salted out ”) by 
moderate concentrations of salt, as is the case 
with the soaps of other fats; hence the nut 
oils constitute the essential raw material \ )r the 
manufacture of marine soaps for use i sea¬ 
water. Owing to the hardness, solubility, and 
ready lathering power of its soap, cocom t oil 
(or palm-kernel oil) is also an impc tant 
ingredient of most other types of soap, and, 
especially, of quick-lathering household ^ioaps, 
flakes, shampoos, shaving soaps, etc., intended 
for use in luke-warm water. 

The nut oils further differ from other ypes of 
soap oils in that they are not easily sfponified 


by dilute caustic alkalis ; on the other hand, 
they are so readily converted into soap by 
means of concentrated caustic solutions that a 
simple mixing of the oil with the equivalent 
quantity of strong lye at about 40°-60'^C. 
suffices to initiate the reaction, which proceeds 
spontaneously to completion with the evolution 
of heat. Accordingly, coconut oil is extensively 
employed for the manufacture of soaps by this 
so-called “ cold x^rocess.” 

Minor amounts of coconut oil are used in the 
manufacture of pharmaceutical and cosmetic 
j^reparations, confectionery fillings, and lubri¬ 
cants. 

Owing to its higli Reicheri-Meissl value, coco¬ 
nut oil, or margarine mixtures containing it, 
may be used to adulterate butter. Methods for 
the detection of coconut oil in butter or mar¬ 
garine are based on the detection and estimation 
of the insoluble volatile fatty acids (caprylic 
and (*apric acids) through the analytical deter¬ 
minations of the Polensk'P. value {rf. 8alkowski, 
Z. anal. them. 1887, 26 , 582; Polenske, 
Arb. Kaiserl. Oesundh.-arnt, 1904, 545; Lewko- 
wits<‘h, “ Oils, Fats, and Waxes,” 6th ed., 
vol. 2, pjj. 843 et seq.); Bertram A- and B- 
values (Bertram, Bos and Verhagen, Chem. 
Weekblad, 1923, 20 , 610; Z. dent. Ocl- u. Fett- 
Ind. 1924, 44 , 459, ; Bertram, van der Steur, and 
Verhagen, Chem. Weekblad, 1925, 22 , 549; 
cf. Kuhlmann and (jrossfeid, Z. Unters. Nahr.- 
Genussm. 1925, 50 , 339; (with Baumann), ibid. 
1926, 51 , 27); caprylic acid value (Grossfeld, Z. 
Unters. Lebensm. 1928, 55 , 354), or residual 
number (“ Restzahl ”; cf. Grossfeld, ibid. 1932, 
64 , 433). For the detection of the nut oils 
on the basis of their high content of lauric and 
myristic acids, cf. Shrewsbury and .Knapj), 
Analyst, 1910, 35 , 385; 1912, 37 , 3; Elsdon 
I and jlagshawe, ibid. 1917, 42 , 72 ; Elstlon, ibid. 
j 295 ; Grossfeld and Miermeister, Z. Unters. 
lAdjensm. 1928, 55 , 529; ibid. 56 , 423. A 
qualitative test for the detection of coconut oil in 
butter fat, which is based upon the microscox^ical 
appearance of the crystals obtained on re- 
crystallising the fat from ether, is described by 
11 inks (Analyst, 1907,32, 160 ; 5ee Lewkowitsch, 
Z.C., p{). 857-858). 8imilar methods are applied 
for the detection of coconut oil, etc., in cacao 
butter {q.v.y cf. also Cohn, Z. angew. Chem. 1924, 
37 , 304 ; Kulhmann and Grosfeld, ibid. 1926, 
39 , 24 ; Hartel and Maranis, Z. Unters. Nahr.- 
Genussm. 1924, 47 , 205) and soap. Methods 
for the estimation of butterfat in mixtures con¬ 
taining coconut oil (e.^. margarine, chocolate) 
depend upon the determination of the content 
of soluble volatile acids (butyric and caproic 
acids) in the fat : reference may be made to the 
methods of Kirschner (Z. Unters. Nahr.- 
Genussm. 1905, 9 , 65 ; cf. Bolton, Richmond 
and Revis, Analyst, 1912, 37 , 183; Cocks and 
Nightingale, ibid. 1928,58,322 ; Soc. Pub. Anal., 
Anal. Comm. Rept., ibid. 1936, 61 , 408; van 
der Laan, Rec. Trav. chim. 1932, 41 , 724): of 
Kuldmann and Grossfeld (Z. Unters. Lebensm. 
1925, 50, 336 : calculation from the Reichert- 
Meissl and saponification values, cf. Pritzker, 
ibid. 1929, 58, 592); of Kuhlmann and Gross¬ 
feld (Z. Unters. Lebensm. 1926, 51, 31 ; Gross¬ 
feld, ibid. 203 ; ibid. 1927, 58 , 381; determina- 
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tion of butyric acid value) : and of Bertram, Bos 
and Verhagon {l.c, supra: determination of 
and values). 

Since coconut oil and palm-kernel oil are so 
closely similar, differing chiefly in the amount of 
insoluble volatile acids present (Polenske value), 
it is extremely difficult, and may be impossible, 
to decide by analysis which of the two is present 
ill a mixture of other fats (e.g. margarine), if 
no information as to origin is available. The 
determination of the composition of a mixture 
of the two nut oils is seldom required, as these 
fats are rarely adulterated the one with the 
other; approximate methods for the purpose 
depending chiefly upon slight differences in the 
composition of the “ Polenske acids from the 
two fats are described by van Kregten, Chem. 
Weekblad, 1915, 12 , 788; Blichfeldt, J.S.C.I. 
1919, 38 , 150T; Stokoc, ibid. 1921, 40 , 57T; 
Gilmour, Analyst, 1925, 50 , 119; Elsdon, ibid, 
1927, 52 , (13. 

Palm-kernel Oil is obtained from the 
s€^ed-kernels of the oil-palm ElaeAs guineensis 
Jacq., which is indigenous to West Africa but 
also cultivated in the Dutch East Indies, Malaya, 
and other tropical countries. More than 95% 
of the palm kernels entering world-trade, 
however, come from Africa—British West Africa, 
French W. and Equatorial Africa, and the 
Belgian Congo being the principal producing 
areas; in the Asiatic regions the palm kernel 
industry is subordinate to the produc^tion of 
palm oil, and of minor importance at present. 
The “ palm nuts ” {i.e. the “ stones ” of the 
drupaceous fruits) are separated from the olea¬ 
ginous fruit-pulp when the latter is worked 
up for the production of palm oil. The 
“ nuts ” are dried by exposure to the sun or in 
kilns sufficiently to loosen the kernels (seeds) 
within the shells, and the comparatively thin 
shells are cracked by native hand-labour or by 
machinery. The kernels are then separated from 
the shell-fragments by screening or by flotation 
in brine or clay-water (sp.gr. 1-1-1 *5), dried if 
necessary, and exported in bulk to Europe or 
the United States. Unlike palm oil and coconut 
oil, palm kernel oil is not prepared (except for 
local or native consumption) in the palm-growing 
regions, the exports being confined to the shelled 
kernels. In Europe, etc., the kernels are crushed 
and expressed in the usual way in two stages at 
45°-150°C., yielding 43-45% of oil on the large 
scale. A certain amount of oil is also recovered 
(in Europe) by extraction with solvents. 

The press-cake contains 6-8% of oil and about 
2-5% of nitrogen : it is employed in the feeding 
of dairy cows and other farm animals (r/. 
“ Use of Oil Cakes and Extracted Meals,” 
Ministry of Agriculture and Fisheries, Bull. 
No. 11, 2nd ed., 1937 ; Anon., Bull. Imp. Inst. 
1915, 13 , 151, 446 ; C. Crowther et al. J. Agric. 
Sci. 1917, 8 , 429, 451; W. Godden, ibid, 419). 

Palm-kernel oil is white to pale yellow in 
colour and resembles coconut oil in composition 
(c/. Tables I, II, III), appearance, and odour; 
as in the case of coconut oil, the characteristic 
aroma appears to be due largely to the presence 
of methyl nonyl ketone (Salway, J.C.S. 1917, 
111 , 407). It is used for the same purposes as 
coconut oil ; pressed “ palm nut stearin ” 


like the corresponding “ coconut stearin,” is 
employed as a chocolate fat, and the “ palm nut 
olein ” for soap-making. Palm kernel oil is 
generally regarded as slightly inferior to 
coconut oil and, as a rule, commands a lower 
price; the choice between the two fats is, 
however, largely influenced by geographical and 
politico-economic considerations and trading 
custom. Thus, before the Great War, Germany 
held a virtual monopoly of the palm kernel 
crushing industry, exporting the surplus oil to 
the United Kingdom and other countries, and 
since 1925-26 has recaptured her position as 
premier producer and consumer of the oil, in 
spite of the growth of important palm kernel 
crushing industries in the United Kingdom, 
France and other countries. Imports of palm 
kernels have been of the order of 250,(XK)- 
390,000 tons per annum from 1927-1935 
(374,000 tons in 1936 and 322,500 tons in 
1937) into Germany, and 130,000-160,000 
tons per annum into England over the same 
period (c. 2(K),000-250,000 tons per annum 
from 1920-1926) ; French imports of the 
kernels, which were only of the order of 12,000 
tons per annum in 1928-1933, have latterly 
shown a notable increase to 119,400 tons in 
1936 (69,(X)0 tons in 1937). Total imports of 
kernels into the principal importing countries 
have boon 594,200, 735,800, and 675,()50 tons in 
1935, 1936, and 1937 respectively (r/. “ Review 
of Oil and Fat Markets,” 1937, H. M. Faure 
& Co. ; for a detailed survey up to 1932 of 
the production and trade in i)alm kernels and 
palm kernel oil in British and foreign countries, 
cf. ” Survey of Vegetable Oil Seeds and Oils, 
vol. 1, Oil Palm Products,” Empire Marketing 
Board, E.M.B. 54, 1932, H.M.8.O.). 

For the determination of palm kernel oil in 
mixtures, see under Coconut ()il. 

Babassu Oil is obtained from the kernels of 
the Brazilian babassu palm, Orbignya speciosa 
Barb. Kodr. { — Orbignya Martiana)^^ The 
woody endocarp (“ shell ”) is extremely hard, 
and considerable difficulty has been experienced 
in devising machinery capable of splitting this 
shell without causing excessive damage to the 
2-6 small kernels (which only weigh about 4-6 g. 
each) contained therein. The kernels contain 
from 63-70% of fat {cf. Tables 1, II, III), which 
closely resembles coconut oil and is used for 
similar purposes. The woody shells may be 
used as a fuel, or subjected to destructive 
distillation for the recovery of acetic acid, etc., 
and metallurgical charcoal. Babassu fat is 
one of the principal native fats of Brazil, and 
since about 1915 considerable quantities of 
the kernels have been exported to Europe, 
and, more recently, to the United States. As 
in the case of the coconut, the press-cake is 
suitable for use as cattle-food {cf. Anon., Bull. 
Imp. Inst. 1929, 27, 286; “ The Babassu,” 

Ministry of Agric., Rio de Janeiro, 1930; Arie, 
Arch. Inst. Biolog. Sao Paulo, 1931, (4), 301; 
Heiduschka and Agsten, l.c.y Table II), 

Cohune Nut Oil, from the seeds of Orbignya 
cohwnA Mart. Dahlgren {—Attalea cohunt 

^ When babassu nuts first appeared on the market 
they were frequently wrongly attributed to the fibre 
palm (** piassava ") Attalea funijera Mart, 
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Mart.) indigenous to British Honduras and 
Central America, has so far been of little com¬ 
mercial importance, owing largely to lack of 
development on the agricultural side of the 
industry, and to the difficulties experienced in 
providing machinery in jjlace of laborious 
hand-labour to crack the small hard nuts. The 
kernels (amounting to 8-10% of the wdiolo 
fruit) contain from 48-70% of fat {rf. Tables I. 
II), which is, as a rule, slightly softer than 
coconut oil (r/. Bull. Imp. Inst. 1914, 12, 237; 
1934, 32, 409; Hilditch and Vidyarthi, J.S.C.I. 
1928, 47, 35T). 

Murumuru Fat, from the thin-shelled seeds 
of another Brazilian palm, Astrocaryum. muru¬ 
muru Mart., is a hard, brittle fat resembling 
coconut stearin, and is similarly employed as a 
chocolate fat. 

Although it may be included among the nut 
oils for convenience, it will be seen from Table II 
that murumuru fat contains a much smaller 
proportion of caprylic and capric acids than do 
the typical fats of the group (the Reichert-Meissl 
and Polenske values are correspondingly low), 
and in this respect it approaches the fats of the 
llika group, although the content of myristic 
acid is much lower tlian in the latter case. 

Similarly, the kernel fats of the palms Astro¬ 
caryum tucurna Mart. (Collin, Biochem, J. 1933, 
27, 1366) and Arcca catechu (the areca or betel- 
nut palm) (Rathje, Arch. Pharm. 1908, 246, 
702) have a high content of lauric and myristic 
acids, but arc comparatively poor in the lower 
acids; these fats have no commercial signiH- 
cance other than for local consumption in the 
countries of origin. 

Khakan Fat, which is chemically very similar 
to coconut oil, is not derived from a palm 
but from the unrelated plant Salvadora oUoides 
Done (fain. Salvadoracea'), and will be discussed 
under Khakan Fat. 

E. L. 

COCOS I TO L, m.p, 342 ^ optically inactive, 
a natural inactive form of inositol, is identical 
with scyllitol and quercine (Hugo Muller, J.C.S. 
1912, 101, 2383). It was found by him in the 
leaves of two species of Cocos, (0. plurnosa and 
C. nucifera). The term scyllitol only is retained. 

E. F. A. 

CODAMINE, C20H25O4N, m.p. 126-127*’ 
(hexagonal prisms from Et20), is a minor opium 
alkaloid. The base was first isolated from opium 
by Hesse (Annalen, 1870, 153, 66). It reacts 
strongly alkaline, is moderately soluble in HgO 
and very soluble in EtOH. It gives a green 
colour with ferric chloride, and nitric acid dis¬ 
solves the alkaloid forming a dark green liquid. 

Sp&th and Epstein (Ber. 1926, 59, [B], 2791) 
obtained d-laudanosine by methylation of cod¬ 
amine and have conclusively demonstrated 
that the alkaloid is a laudanosine derivative 
with a phenolic OH -group in 7 -position 
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CODEINE, Ci8H2i03N,H20, an iso¬ 
quinoline alkaloid, exists in Turkey opium in the 
proportion of about 0*75% ,while in the Persian 
or Indian varieties the average is about 2*25%. 

CODEONAL. Combination of codeine 
diethylbarbiturato, 2 parts, and sodium diethyl- 
barbiturate, 15 parts, in tablet form. It is a 
sedative and hypnotic {Knoll, Ludwigshafen; 
Pharmaceutical Products, London), B.P.C. 

COD-LIVER OIL, in the narrowest sense, 
is the oil obtained from the livers of the European 
and American cod-fish, Gadus morrhua L. 
{G, callarias), and the Japanese cod (“ madara ” 
or “ tara ”), G. macrocephalus Tilesius; in 
ordinary practice, however, which is sanctioned 
by the definitions of the pharmacopcpias of the 
various countries, the term “ cod-liver oil ” 
includes the equivalent liver oils from allied 
species of Oculus or of the family Gadidso, e.g. 
the pollack {G.pollachius),i\\Q coal-fish or saitho 
{G, virens, G. carbonarius, Pollachius virens), 
hake {Merluccius mcrluccius), ling (Molva 
molva), the Japanese Pollachius Brandtii, Jordan 
and Snyder. In Japan, another species of cod, 
the “ suketodara ” (“ sukeso-dara ”)— Theragra 
chalcogramma Pallas (Gadus chalcogramma )—is 
caught in large quantities, but up to the 
present the liver-oil has not been used for 
medicinal purposes. 

The cod appear annually at certain seasons 
of the year in enormous shoals in the coastal 
regions of the northern seas in latitudes above 
45‘’N.; and, correspondingly, important fishing 
grounds have grown up on the coasts of Norv^ay, 
Scotland, Iceland, Newfoundland, on both 
eastern and western coasts of Canada and the 
United States, and off the shores of Japan and 
Siberia. As a result of the introduction of 
factory ships, even more remote fishing-grounds, 
such as those at Bear Island, Spitsbergen, can 
j be developed for the production of first-class 
oils. Whilst the oldest and probably the best- 
known commercial fishing-grounds are those of 
Norway, whence cod-liver oil (“ Bergentran ”) 
was exported (for leather-dressing) as early as 
the fifteenth century, the Newfoundland 
industry is also of considerable antiquity, and 
records exist of the export of “train oil ” (cod- 
oil) to England from the seventeenth century. 
This area is now becoming increasingly impor¬ 
tant for the production of high-grade medicinal 
oils, the bulk of which are exported to Canada 
and the United States. Both in Newfoundland 
and Norway, the preparation of medicinal 
cod-liver oil is conducted under strict Govern¬ 
ment supervision. The production of medicinal 
oils on the east coast of the United States 
and in Japan is also considerable. Until 
recently the interests of the English native 
industry were restricted to the technical “ cod ” 
oils, but of late years efforts have been made to 
promote manufacture of domestic medicinal 
oils. 

In the Newfoundland and Lofoten fisheries of 
Norway the catch consists exclusively of cod, 
but in the Finmark fishery of Norway and 
the English coastal fishery, saithe, pollack, 
hake, ling, and other closely allied members of 
the cod family are included. The liver oils of 
these fish, however, are closely similar in 
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chemical composition to that of the true cod, 
and since they are equal to, or in some cases 
superior to, pure cod-liver oil in vitamin potency, 
no objection to their presence is made. In the 
Lofoten fishery the fish are taken during the 
spawning season in a fasting condition, and the 
livers are poorer in oil than those obtained from 
the fish which are caught in the Finmark 
or “ Loddo ’’-fishing season, and off Newfound¬ 
land, when the cod is feeding actively and in 
a well-nourished state. 

In the oldest process for the recovery of cod- 
liver oil, the livers, after removal from the 
fish, were heaped up in barrels and allowed to 
undergo spontaneous putrefaction in order to 
decompose the liver cells and permit the oil to 
exude, which was drawn off at intervals as the 
rotting proceeded, in fractions ranging from 
pale brown to almost black in colour; the 
process might bo accelerated by exposing 
the barrels to the sun. Some improvement 
in the quality of the oil was effected by careful 
selecition of sound livers, and the removal of 
blood of the gall-bladders and other visceral 
matter before treatment, but, nevertheless, even 
the best oils prepared by the “ rotting ” method 
were (jontarninated with decomposition products 
of the liver tissue (organic bases) and possessed 
a rank, fishy odour and nauseous taste. ^ This 
crude method of preparing the oil is now 
pra(?tically obsolete and, except in a few 
j)riniitive installations producing low-grade 
oils, has been replaced by the “ steaming 
I)rocess.” In the original process introduced by 
Charles Fox in Newfoundland (1848, c/. Munn, 
Montreal Fharm. J. 1914, 25, 192) and developed 
by P. Mdller in Norway, 1853 (r/. Moller, 
“ Cod-liver Oil and Chemistry,” 1895), the fresh, 
sound, washed livers were rendered in steam- 
jacketed pans, but to-day it is more usual to 
“ cook ” the livers with open steam (at a 
pressure of from 30-l(X) Ib./sq. in.) which is 
blown directly into the mass of fresh livers 
contained in an o})en or covered pan. 

For the production of the finest (medicinal) 
grade of oil, tin-lined pans or vessels of non¬ 
corroding metal, are employed, and only 
sound livers in the freshest possible condition are 
taken ; all diseased or discoloured livers are 
rejected and worked up separately for the 
technical grades of oil. The gall-bladders are 
removed, and the livers are thoroughly washed 
before steaming, which is continued for a 
sufficient time (about 30 minutes) to ensure 
the destruction of any fat-splitting enzymes, 
which might otherwise cause deterioration of 
the oil during subsequent storage. The oil 
which separates freely from the livers is dipped 
off, strained, and allowed to stand in order 
that traces of liver tissue and moisture may 
settle out, and the purification is completed, if 
necessary, by filtration, centrifuging, or treat¬ 
ment with fuller’s earth; finally, the oil is 
packed into tin-lined barrels for transport or 
storage. In order to prevent deterioration of the 
oil and loss of vitamin-potency through oxida- 

^ Details of the “ rotting " process and the early 
steaming process are described by Moller, Cod-liver 
Oil and Chemistry,” Loudon, 1895; cf. also Lewko- 
witsch, ** Oils, Fats, and Waxes,” 6th ed., vol. II, 
p. 437. 


tion, exposure of the oil to air and light is 
minimised throughout the operations. (For 
further details of the preparation of medicinal 
cod-liver oil in Norway, Newfoundland and 
Iceland, cf. Zilva and Drummond, J.S.C.I. 
1922, 41 , 280T; 1923, 42 , 185T, 250T; Drum- 
mond and Hilditch, “ Relative Values of Cod- 
liver Oils from Various Sources,” Empire 
Marketing Board, Pub. No. 35, 1930; Le Gall, 
Rev. Trav. Off. Peches marit 1930, 3, 1030 ; 
Chabre, I’liesis, Paris, 1936 ; Maepherson, 
Bull. 3, Fish Sect. Dept. Nat. Resources, 
Newfoundland, 1937). 

The medicinal oil obtained in this manner is 
consumed as “ congealing oil ” in those countries 
where the pharujacopaua or popular taste raises 
no objections to such an oil, which deposits a 
solid “ stearin ” when exposed to low tempera¬ 
tures. In England and certain other countries, 
however, the pharmaceutical trade prefers, 
and the pharma copceia prescribes, a “ non- 
freezing ” oil, which does not set at low tempera¬ 
tures ; this is prepared by ” refining ” or chilling 
the crude oil at temperatures between and 
— low in order to precipitate the higher-molting 
glycerides (“ stearin ”) wdiich are filtered off at 
about OX’., leaving a yield of about 75-80% 
of a clear “ non-freezing ” oil. The separated 
“ stearin ” (consisting actually of mixed 
glycerides of saturated and unsaturated a(;ida) 

I may be pressed in order to recover any entrained 
! liquid oil (which is added to the sec^ond grade of 
oil) and is sold as the best quality ” fish stearin ” 
for soap manufacture. 

The steamed liver-pul{> remaining in the 
rendering-pan may be boiled up again wdth 
steam before it is linally pressed, yielding in 
both cases oils of good quality which are 
employed as a vitamin-active supplement in the 
feeding of poultry and cattle. The final residue 
of liver-tissue is drii‘d and converted into liver- 
meal for animal feeding. In general (iommerce, 
the exprcission “ cod-liver oil ” is restricted to 
the medicinal oils intended for human or animal 
nutrition, whilst the term ” cod-oil ” (“ brown 
cod-oil,” “ browui oil ”) is used for the technical 
oils which are obtained by steam-rendering (or, 
more rarely, by the rotting process) from livers 
which, on the score of condition or freshness, are 
unfit for the production of medicinal oil; w^hero 
other fish besides cod are included in the catch, 
the oil is known commercially as “ coast cod 
oil.” The cod-oils, in general, have a high 
acid value and rank odour, and are contaminated 
with impurities derived from the de(;ayed liver- 
cells ; the use of such oils for the feeding 
of animals is to be deprecated, especially as 
there is some evidence that oils from putrid 
livers may be definitely toxic. The crude 
“ unracked ” cod-oils contain considerable 
quantities of stearin which are removed by 
chilling and filtering or settling, and used in 
soap-making or as “ fish-tallow ” in leather 
currying. Cod-oils find extensive use in the 
leather industries, where the raw oil is employed 
in the chamoising process and in the currying 
(stuffing) and oiling of heavy leathers ; further, 
considerable quantities of sulphonated (sul- 
phated) cod-oil, e.g. Turkey-red oilSf which is 
prepared by treating the oil with concentrated 
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sulphuric acid are employed for the oiling-off 
of heavy leathers and for the fat-liquoring of 
light leathers and chrome-tamied leathers. 
Technical cod oils are also employed in the 
manufacture of lubricating greases and low- 
grade soaps. The dried, pressed liver meal 
recovered as a by-product of cod-oil manufac¬ 
ture is utilised as “fish manure.” 

Pure medicinal cod-liver oils of pharmacopoeia 
quality are pale in colour and have only a slightly 
fishy odour and taste ; in consequence, probably, 
of the different feeding conditions, the oils from 
Newfoundland and Iceland possess a distinctly 


deeper yellow colour than the Norwegian oils. 
(N.B. This inherent colour is quite distinct 
from the discoloration of oils which have 
been prepared from stale livers or by bad 
methods.) 

The analytical characters of medicinal cod- 
liver oils are illustrated in Table 1, except where 
otherwise stated, the figures refer to oils pro¬ 
duced on the large scale from batches of mixed 
livers from fish of both sexes, different size, 
etc. Naturally, oils extracted in the laboratory 
from individual livers of fish of different size, 
etc., show wider extremes of variation. 


Table I. 

Characteristics of Cod-liver Oils. 



Medicinal oils 
(mostly non- 
coiigealiug).^ 

Pharmacopceial 
requirements (non- 
congealing oils).** 

Crude w'hole 
(i.e. congeal¬ 
ing) medi¬ 
cinal oils.® 

Pure cod- 
liver oils.^ 

Japanese cod- 
liver (madara) 
oils.® 

Sp.gr. . . . 

0-92()-()-9288/ 

25^C. 

0-922-0-929/ 
15-5X\(B.P.) 
0*918-0*927/ 
25°C. (U.S.P.) 


0*924-0*929/ 

15*5%^ 

0*9243-0*9397/ 

IS'^C. 

(0*924-0*9298) 

Ref. index . 

1.474-1-4798/ 

20“C. 

1*4705-1*4745/ 
40°C. (B.P.) 


1 *4705- 
1*472S/40"C. 

1*4742-1*4803/ 

20 °C. 

(1*4765-1*4868) 

Saponification 






value 

175-197 (usually 
180-190) 

180-190 (B.P.) 
180-192(U.S.P.) 

175-188 {a) 
181-189 (6,c) 
172-198*5(d) 

181-189 

174*5-190*7 

(183-189) 

Iodine value 

147-183 (usually 

155-173 (B.P.) 

153-162(a) 


143-205 

Acid value 

150-170) 

0-5-3-5 

145-180 

(U.S.P.)« 

>1-2 (B.P.) 
>2*8 (U.S.P.) 

142-185 {b) 
159-174 (c) 
140-185(d)6 

0*6-24 

154-172 

(152-182) 

0*4-50 

(0*5-12) 

Unsaponifiable 





matter 

0-9-l-7% 

1*50/^ (B.P.) 
1*3% (U.S.P.) 


0*96-1*52% 

0*6-4*5% 
(0*6-1 *0) 


^ Cf. Lewkowitsch, “ Oils, Fats, and Waxes,” vol. II ; A. D. Holmes, Ind. Fug. Chem. 1924, 16, 1181 ; 
Holmes and Clough, Oil and Fat Ind. 1927, 4, 403 ; Enderand Jermstad, Phann. Zcntralh. 1930, 71, 193. 

* Brit. Pharm., 1936 Addendum to B.P. 1932 ; United States Pharm. JXI, 1936. In pharmacy, cod-liver oil 
is known as Oleum Morrhuae or ” Oleum jecoris aneUi.” 

® Drummond and Hilditch, Empire Aiarketing Board 35 (1930), pp. 43-48 ; oils from Ui) Norway, 
(&) Scotland, (c) Newfoundland and Iceland; id) oils from east coast of N. America, Holmes and Pigott, Ind. 
Eng. Chem. 1926, 18, 188 ; Oil and 8oap, 1936, 13, 225. 

* N. Evers and Smith, Quart. J. Pharm. 1932, 6, 337. 

K. Kawai, J. Pharm. Soc. Japan, 1933, 53, No. 10, 183 ; the ilgures showm are range values for a number of 
oils prepared from selected groups of ilsh ; the figures in brackets show the ranges for specimens of oil produced 
commercially. Cf. Hirose, J. Soc. Chem. Ind. Japan, 1930, 33, 172B. The oil content of individual livers of 
” madara ” ranged from 10-65%, ” Suketo-dara ” liver oil show's a slightly lower sp.gr. (0-92J6--0-9294) and 
lower iodine value (136-161) than ” madara ” liver oil (Kaw'ai, Z.r.). 

® For Oleum Morrhuae non-destearinatum (i.c. the entire oil), the “ United States Pharmacopoeia,'' XI allow^s 
the iodine value to be betw'een 125 and 180. 


The non-freezing oils have, as would be 
expected, somewhat higher iodine values and 
refractive indices than the crude oils from 
which they have been derived {cf. Holmes and 
Pigott, I.c.; Kawai, /.c., 1933), but the differ¬ 
ences lie within the range of variation shown by 
the crude oils. There is no significant difference 
in vitamin contents between correspond¬ 
ing specimens of crude and non-congealing 
oils. 

The acid value of the best oils is frequently less 
than 0-6; the second quality of oil for animal 


consumption is only slightly inferior to the 
pharmacopoeial oils, but usually possesses a 
stronger fishy taste and slightly darker colour, 
the acid value may be as much as 2 {cf. proposed 
specification for veterinary cod-liver oil, 
Drummond and Hilditch, I.c .; for review of the 
literature on the use of cod-livor oil in animal 
feeding, see J. R. Manning, U.S. Bur. Fisheries, 
Doc. No. 1065, 1929, p. 333). The technical 
cod offs have lower iodine values, depending upon 
the amount of oxidation the oil has suffered, 
and high free acidities. The following figures 
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(duo to Holmes, Clough and Owen, Oil and Fat 
Ind. 1929, 6, (No. 10), 15) for twenty oils of 
various grades, including sun-rotted oils, are 
illustrative: sp.gr. 0*9193-0‘9266 at 25“, 
1*480-1483, saponification value 184-194*5, 
iodine value 146*3-168*6, unsaponifiable matter 
1 *2-2*8%, free fatty acids 7-20*2%. Somewhat 
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higher percentages of unsaponifiable matter 
may be found in coast cod oils. 

The approximate quantitative composition 
of the fatty acids of cod-liver oil is indicated in 
Table II, in which the corresponding figures for 
some allied and closely similar fish-liver oils are 
included for comparison : 


Tablk II. 


Perce:ntage Composition of Fatty Acids of Fish Liver Oils 


(Guha, Hilditeh and Lovern, Biochem. J. 1930, 24, 266; rf. Drummond and Hilditch, lx.) 


Fatty acids. 

Liver oils. 

No. of carbon atoms per mol. 

Cod. 

Saithe. 

Hake. 

Ling. 


(a)i 

(bf 




Saturated Acids. 

% 

% 

”0 


% 

C,4. 

3*5-6 

2 

6*5 

4*5-7 

5 

C„. 

6*5-10 

14 

12-13 

11-13 

13 

C.e . 

0-0*5 

1 

0-0*5 

0*5 

1 

Unsaturaled Acids. 






C,4(—2H). 

0-0*5 

2 

trace 

trace 

trace 

C.„(-2H). 

16-20 

10 

9*5-14*5 

8-17 

13 

C,«(-3H). 

25-31 

26 

29*5-31 

18-34 

32*5 

^20 ( ‘t'lH) . 

26-31*5 

25 

24*5-26*5 

25-31 

24 

(a'-.5-6) 

(x—5*5) 

(x^-5) 

(X.-4-5) 

(.r--6) 

1 ^22 ( . 

10-14 

20 

10-16*5 

14-16 

11*5 


II 

i.. 


(x=^6) 

(•^-7) 

C24(-^H). 

V 

<1 

? 


V 


FiRures in brackets denote average iinsaturatiou of each fraction, e.g. 2H) d(uiotos one double bond; 
(—3H), a mixture of perhaps mono- and di-ethenoid acids, averaging one and a half double bonds. 

^ Jtaiigc of analyses of Scotch, JS’orwegian, and Newfoundland cod-liver oils. 

^ North S(^a cod-liver oil: average unsatiiration oflheC,o unsaturated acid8=^ —3*3 H. Hari)crand Hilditch, 
J.S.C.l. 1937, 56, 322T. 


The saturated fatty acids (10-15% of the total 
acids) consist chiefly of myristic and palmitic 
acids, with traces of stearic acid (Guha, Hilditch 
and Lovern, l.c.; Toyama, J. iSoc. Chem. Ind. 
Japan, 1926, 29, 172B). The unsaturated acids 
include a large proportion of the mono- 
ethylenic zoomaric (J^^i^CigHgQOj), oleic 
(J«:i 0 Cj,H 34 O 2 ), gadoleic and 

cetoleic (^^^•^^C 22 H 4202 ) acids (H. Bull, Ber. 
1906, 39, 3570 ; Toyama, J. Soc. Chem. Ind. 
Japan, 1926,29,624 ; 1927,30,154B, 155B ; 1934, 
37, 14B); myristoleic (C14H26O2), and selacho- 
leic acids are present in minor 

amount (Toyama and Tsuchiya, ibid. 1935, 38, 
684B). More highly unsaturated acids of the 
Cjo and C22 series, including docosahexaenoic 
acid (CgoHggOg) (c/. Farmer and Van den 
Heuvel, J.C.y. 1938, 427), are also important 
constituents; stearidonic acid (^18*^28^2) 
and arachidonic acid (CgoHjgOj) have been 
identified by Suzuki (Proc. Imp. Acad. Tokyo, 
1929, 5, 165) and nisinic acid (C24H3g02) 
by Toyama and Tsuchiya (J, Soc. Chem. Ind. 
Japan, 1934, 37, 531B). The jecoleic acid 
and “ therapic acid ” of the early investigators 
(c/. Heyerdahl, in F. P. Holler’s “ Cod Liver Oil 
and Chemistry,” 1895) were probably more or 
less impure preparations of gadoleic and steari¬ 
donic acids respectively. 

The older reports concerning the occurrence of 


lower saturated (volatile) fatty acids, such as 
acetic, butyric, and capric acids, as well as of 
organic bases in cod-liver oil were caused by the 
presence of decomposition products of the oil 
and liver tissue in the old ” rotted ” oils. 

The unsaponifiable matter of cod-liver and 
cod-oils amounts normally to 0*7~2*8%,^ 
although a much larger proportion has been 
reported in individual cases of the oils from 
single lean livers of old, large fish (cf. K. Kaw^ai, 
J. Pharm. Soc. Japan, 1933, 53, No. 10, 183) ; 
as a rule, about half the unsaponifiable matter; 
consists of cholesterol, the remainder com¬ 
prising the fat-soluble vitamins {see helow)^ 
colouring matters, and other non-sterol con¬ 
stituents including squalene and batyl alcohol 
(Drummond, Channon, and Coward, Biochem. 
J. 1925, 19, 1047), one or two other unsaturated 
hydrocarbons, and, perhaps, other mono- and 
di-hydric (aliphatic) alcohols (Wiedemann, 
ibid. 1932, 26, 264 ; Kawakami, Bull. Inst. 
Phys.-Chom. Res. Tokyo, 1933, 12, 825, 834, 
845 (Abstr. 7, 8, 9, publ. with S(a. Papers 
I. P.-C. R. Tokyo, 1933, 22, No. 457-467). 

Cod-liver oil, even of unexceptionable quality, 
contains a small amount of iodine, of the order 

^ It is possible that some of the extreme differences 
reported in the literature may be attributable to the 
different methods employed to extract and determine 
the unsaponifiable matter (cf, iS.P.A. Sub. Comm, 
Kept., Analyst, 1933, 68, 203). 












248 


COD-LIVER OIL. 


of 3-15 pts./million (r/. Hopfer de TOrrae, 
Hufeland's J. 1836 (April), p. 115; Heyerdahl, 
l,c .; Holmes and Remington, Amer. J. His. 
Children, 1935, 49, 94). The prosenee of traces 
of arsenic (from 1-4 to 5*1 pts./million) in un¬ 
refined cod-liver oil from fresh livers has been 
reported by Holmes and Remington (Tnd. Eng. 
Chem. 1934, 26, 573) and Liizanaki (Tids. 
Kjemi, 1936, 16, 56). 

In common with other fish-liver oils, cod-liver 
oil gives a red-violet coloration when con¬ 
centrated sulphuric acid is added to a solution 
of the oil in chloroform or carbon disulidiide; 
the depth of the colour varies with different 
oils, and appears to be due to a condensation 
reaction of some minor constituent of the oil 
(lipochroine ?) associated with vitamin-A and 
analogous to the antimony trichloride colour 
reaction of the latter {v. iiifra) {cf. Drummond 
and Watson, Analyst, 1922, 47, 341). With 
Japanese acid clay, a blue-green coloration is 
developed (cf. Kobayashi, Mem. Eac. Sci. Eng. 
Tokyo, 1927, 4, 2,3). These colour reactions 
may fail, however, wdth hydrogenated (hardened) 
liver oils. 

A green colour reaction is observed when a 
solution of cod-liver (or other fish-liver) oil in 
glacial acetic acid is treated with a mixture of 
bromine and chloroform and iodine bromide 
(Harms iodine solution) (TorteUi-Jaffe reaction : 
Tortelli and Jaffe, Chem.-Ztg. 1915, 39, 14; 
cf. Better and Szimkin, Fettchem. Umschau, 
1934, 41, 225). 

Although cod-liver oil seems to have been 
held in esteem as a domestic remedy for many 
centuries among the inhabitants of the northern 
coasts, its systematic use in the treatment of 
bone-disorders, tuberculosis, and conditions of 
malnutrition appears to date from the successful 
clinical trials made at Manchester in the second 
half of the eighteenth century by Dr. Kay and 
his colleagues {cf. T. Percival, Medical Essays, 
1789, II, 354), and despite the nauseous 
character of the oils available at that time, the I 
popularity of cod-liver oil as a remedy steadily 
increased through the nineteenth century. 
The extensive modern use of cod-liver oil in the 
prophylaxis and cure of rickets and other 
conditions associated with defective calcium 
metabolism is now so well known as to be a 
commonplace. The remarkable therapeutic 
properties of the oil, which have been variously 
ascribed to the presence of organic bases, to 
the presence of traces of iodine, and to the 
specific natui’e of the highly unsaturated acids 
wliich compose the bulk of the glycerides of the 
oil, arc now attributed primarily to the presence, 
in comjmratively high concentration, of the fat- 
soluble vitamins-^ and -D {cf. Osborne and 
Mendel, J. Biol. Chem. 1914, 17, 401 ; Drum¬ 
mond, Biochem. J. 1919, 13, 81). (It may be 
noted, however, that cod-liver oil has re<rently 
attracted renewed attention as a source of 
combined iodine in the treatment of certain 
deficiency conditions, cf. Chidester and others. 
Nature, 1932, 130, 544; Science, 1932, 76, 
436.) 

The vitamin-u4 activity of cod-liver oil results 
from the occurrence in the oil of the actual 
vitamin-^ itself (as distinct from a precursor 


thereof, such as carotene), which is present to the 
extent of some 100-500 pts./million, chiefly in 
csterified form (Bachara('h and Smith, Quart. J. 
Pharm. 1928, 1, 539; Reti, Compt. rend. Soc. 
biol. 1935, 120, 577 ; Hi(*kman, Nature, 1936, 
138, 881; Ind. Eng. Chem. 1937, 29, 1107; 
Hamano, Sci. Papers Inst. Phys.-(3iem. Res. 
Tokyo, 1937, 32, 44). Its ijresencc is indicated 
by a maximum at A-328 m/x in tlie absorption 
spectrum of the oil or of the unsaponifiablo 
fraction therefrom (K. Takahashi, et al. d. Chem. 
Soc. Japan, 1922, 43, 826; 1923, 44, 590; 

Sci. Papers Inst. Phys.-C'hem. Res. Tokyo, 
1925, 3, 81 ; lleilbron et al. Biochem. J. 1928, 
22, 987 ; 1931, 26. 20 ; J.S.C.l. 1931, 50, 183T), 
the intensity of w hich affords an approximately 
quantitative measure of the vitamin-content 
of the oil {cf. Cow^ard, Dyer and Morton, Bio¬ 
chem. J. 1932, 26, 1593; Vurr and dcwell, 
Nature, 1933, 132, 92 ; Gillam, Heilbron, 
Morton, Bishop and Drummond, Biochem. J. 
1933, 27, 878; Booth, Kon, Dann and Moore, 
ibid. 1189; Baumann and Steenbock, J. Biol. 
Chem. 1933, 101, 547; Chevallier and C'habre, 
Biochem. J. 1933, 27, 298 ; Join's and (Jiristian- 
sen, J. Amer. Pharm. Assoc. 1935, 24, 1072). 
This test (tlie examination being conducted 
on a solution of the unsaponiliabh' matter) 
was recommended as a method of vitamin-yl 
assay by the Second International (k^nference 
on Vitamin Standardisation (1934), and has 
been admitted as a subsidiary test in the 
1936 Addendum (Appendix IV') to the “ British 
Pharmacopoeia ” of 1932, wlierie it is regarded 
as giving a trustw’orthy indication of the 
vitamin-d content of cod-liver oils wdiich con¬ 
form in all other respects to the requirements 
of the “British Pharmacopoeia.” (As there may 
be other substances, however, which show a 
similar absoiqition in the region of A=^328mp, 
the test may be inapplicable to certain vitamin 
preparations, etc., and the “British Pharma¬ 
copoeia ” Addendum prescribes that, in the event 
of any discrepancy between the results of the 
vitamin-/I assay by the spectrophotometric 
method and by the biological method, the value 
as determined by the latter method should be 
accepted.) 

The presence of vitamin-^ is also revealed 
by the blue colour (absorption maxima at A~ 
572-584 and 617 m/x), which is obtained on 
treating a solution of the oil in chloroform 
with antimony trichloride (Carr-Price reagent, 
Biochem. J. 1926, 20, 497 ; cf. Analyst, 1931, 56, 
457; 1932, 57, 302; “British Pharmacopoeia,” 
1932). The intensity of the coloration (which may 
be measured spectrophotometrically, or by means 
of a colorimeter under standard conditions) 
runs roughly parallel to the vitamin-activity of 
the oil as measured by biological methods, 
but several instances of discrepancy have been 
noted, which may be due to the presence of 
inhibitors in the oil, or perhaps to the presence 
of an allied but biologically inactive chromogen 
{cf. O. Rygh, Bull. Soc. Chim. biol. 1934, 16, 
609; Ender, Biochem. J. 1932, 26, 1118; 
Lovem and others, ibid. 1931, 26, 1341). 
Better correlation is obtained if the colour 
test is performed on a solution of the unsaponi- 
fiable fraction from the oil {cf. Smith and 
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Hazley, Biochem. J. 1930, 24, 1942; Church 
and Norrifl, J. Biol. Chem. 1930, 87, 139; 
Coward and others, Biochem. J. 1931, 25, 1102; 
Analyst, 1932, 67, 368; Emmerie, Nature, 
1933, 131, 364; 1935, 136, 183). (It may benoted, 
however, that this colour test, which figured in 
the 1932 edition of the “British Pharma¬ 
copoeia ” has been discarded in the 1936 Adden¬ 
dum in favour of the spectrophotometric test.) 
For further details concerning these tests, and of 
the biological assay of vitamin-A, aae. “ l^ritish 
Pharmacopoeia ” Addendum, 1936. An intcre^st- 
ing modification of the Carr-J*rice test, in wdiich 
a less fugitive violet colour (Aniax.=545 and 
475 m/x) is obtained by the use of guaiacol as 
reagent, is described by E. Rosenthal and Erdelyi 
(Biochem. Z. 1933, 267, 119 ; 1934, 271, 414; 
Ibochem. J. 1935, 29, 2112; Rosenthal and 
Weltncr, ibid. 1935, 29, 1036). 

The vitamin-A activity t)f cod-liver oil varies 
within wide limits a<'cording to the age and 
sexual condition of the fish, its place of origin, 
and its food ; cases of oils containing from 210 
to 3,400 International Units (l.U.) per gram 
are reported by Chevallier (Ann, Uhim. Analyt. 
1936, (iii), 18, 93; cf, Chabre, Thesis, Paris. 

1936 ; cf. K. Kawai, J. Pharm, kSoc. Japan, 1932, 
52, No. 10, 95 ; No. 12, 169); the “ British Phar- 
macopada ” Addendum (1936) and the “ United 
Rtates Idiarmacopceia,” Xf (1936), impose a 
minimal requirement of 600 l.U. per g. of oil. The 
figures of (Jievallier and Chalae, like those of 
Drummond and Hilditch (E.M.H., No. 35, l.c.) 
support the view that, on the whole, the oils 
from Newfoundland and Iceland are richer in 
vitamin-A than the Norwegian oils. On the 
other hand, the Norwegian (Lofoten) oils appear 
to be richer in vitamin-/) {cf. Poulsson, Nord. 
Med. Tidsk. 1933, 6, 886; Araer, J. Pharm. 

1934, 106, 102). The vitamin-l) content of cod- 
liver oil also varies considerably, and is quite 
independent of the amount of vitamin-A present 
(cf. (>.)w'ard. Dyer and Morgan, Analyst, 1932, 
57, 368; van Esveld, Ncderl. Tijds. Geneesk. 

1935, 79, 2924; Kawai, J. Pharm. Soc. Japan, 
1934, 54, No. 5, 87). On the whole, the less 
the oil content of the cod liver; the greater 
is the concentration of vitamin-i) in other 
words, the depiction of the fat reserves in the 
liver during spawning, fasting, or ageing of the 
cod-fish is not accompanied by a corresponding 
drain on the store of vitamin-D {cf. Poulsson, 
l.c. ; Kawai, /c., 1934). 

According to K. Kawai {l.c.) the same tendency 
is observable in the case of vitarain-A and the 
blue (Carr-Price) chroraogen, very high potencies, 
and especially high blue-values, being observed 
in the case of oils from livers whidi, owing to 
the age or condition of the cod, were very poor in 
oil. 

Before the anti-rachitic principle (vitamin-D) ! 
of cod-liver oil had been isolated it became 
clear from biological comparison of the relative 
therapeutic efficiencies in tests with different 1 
animals (rats and chicks) that the active agent in ^ 
cod-liver oil was not identical with calciferol i 
(vitamin-Dg), obtained by the irradiation of i 
ergosterol (cf, Massengalo and Nussmeier, i 
J. Biol. Chem. 1930, 87, 416, 423; Steenbock ' 
a-nd others, ibid. 1932, 97, 249; Russell, Taylor, ! 


I and Wilcox, ibid. 1934, 107, 735; J. Nutrition, 
: 1935, 9, 569; Bills, J. Biol. Chem. 1935, 108, 
; 323); and it has recently been shown by 
, Zucker, Rimons, Colman and Demarcst (Natur- 
, wiss. 1938, 26, 11) that the vitamin-D of 
1 cod-liver oil, like the vitamir)-/) which has been 
isolated {?na the dinitrobenzoate) from tunny- 
liver and halibut-liver oils (Brockmann, Z. 
physiol. Chem. 1936, 241, 104; 1937, 245, 96; 
cf. Rirnons and Zucker, J. Amer. Chem. Soc. 
1 936, 58, 2655), is in all probability identical with 
“ vitamin-1)^ ” prepared artificially by the 
irradiation of 7-dehyrlrocholesterol (Windaus, 
Schenk, and Werder, Z. physiol. Che^m. 1936, 
241, 100; Grab., ibid. 1936, 243, 63; Eolberth, 
Z. Kinclerheilk. 1937, 59, 329). Vitamin- 

/)jj has been obtained in the crystalline state 
(Rchenck, Naturwiss. 1937, 25, 159) and it has 
been shown that, despite the difierence in the 
chemical constitution (the side-chain of the 
mole(‘ule), vitamin-7J>3 has the same antirachitic 
potency (40 million l.U. per g.) as calciferol 
w'hen tested on rats (International method). 
Like the rat, the human subject, appears to be 
equally sensitive to both forms of vitamin-D, 
that is to say, the administration of an equal 
number of units (as measured by the usual 
teats with rats) of calciferol, vitamin-y)^, or cod- 
liver (or other active fish-liver) oil produces 
quantitatively the same therapeutic elfect {cf 
Eliot, Nelson, Barnes, Browmc and .I ones, 
J. Pediatrics, 1936, 9, 355, 761). The chick, on 
the other hand, discriminates between the 
differ(*nt vitamins, for, wffiilst it readily utilizes 
vitamin-D3 or the cod-liver oil vdtamin, it is 
most inefficient in its use of calciferol, so that 
some fifty times as many (rat-)units (l.U.) of 
calciferol fire needed to evoke the same response 
as any given number of units of cod-liver oil or 
vitamin-7)3. The })08Hibility that more than 
one form of vitamin-7) may occur in fish- 
liver oils is mooted by Bills, ct al. J. Amer. Med. 
Assoc. 1937, 108, 13; J. Nutrition, 1937, 13, 
435). 

The vitamin-D of cod-liver oil appears to be 
present partly in the free state* and partly as 
esters (Hickman, Nature, 1936, 138, 881 ; Ind. 
Eng. Chem. 1937, 29. 1107). The amount in the 
oil is probably of the order of 2-8 parts per 
million, but up to the present only biological 
methods of comparing the potencies of different 
oils hav’^e been adoj)ted {cf. suggestefl method in 
“British Pharmacoixeia ” Addendum, 1936, 
x\ppcndix XV, also article Vitamin-D) ; both the 
“British Pharmacopoeia” Addendum and the 
“United Rtates Pharmacopoeia ” (1936) require 
a minimum potency of 85 l.U. per g. of oil. A 
photometric method for the assay of vitamin-D, 
which has been proposed by L. Fuchs and Beck 
(Pharm. Presso, Wiss.-Prakt. Heft, 1933, 38, 81, 
93) requires further investigation. 

The origin of the vitamins in cod-liver oil— 
whether they are merely ingested as such wdth 
the food of the fish and stored in the liver, or 
what part, if any, is played by the fish in the 
synthesis of either vitamin—is still obscure, and 
reference may be made to the following memoirs 
for further discussion of tliis issue ; Drummond, 
Biochem. J. 1922, 16, 618; Bills, J. Biol. Chem. 
1927, 72, 761; Wimpenny, Sci. Rep. Fisheries 
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Invest. Ser, 2, vol, II, No. 5, 1929, London; 
Drummond, Nature, 1930, 126, 398; Gunther, 
Collin, l>ummond and Hilditch J. Expt. Biol. 
1934, 11, No. 2, 173; Copping, Biochem. J. 

1934, 28, 1516. 

The statements of Taylor and Nelson (Taylor, 
Iowa State Coll. J. Sei. 1931, 5, No. 4, 355; 
Nelson, Ind. Eng. Chem. 1927, 19, 840) that cod- 
liver oil also displays vitamin-/? activity is 
contrary to the observations of Sure (J. Biol. 
Chem. 1027, 74, 37, etc.) and require confirma¬ 
tion, especially since cod-liver oil figures as a 
regular constituent of satisfactory vitamin-/i’- 
free diets for experimental work (Bacharach, 
private comm.). 

According to Waterman and van Dijk (Proc. 
K. Akad. Wetenseh. Amsterdam, 1931, 34, 
1206), cod-liver oil may be hydrogenated at 
low" temperatures under controlled conditions 
without imj)airing the vitamin activity. 

Whilst cod-liver oil itself is still largely used 
in medicine, its place has to some extent 
been taken by other fish-liver oils,' sutdi as 
halibut-liver oils wdiieh have a much greater 
vitamin content and require a conespondingly 
smaller dosage, or by more palatable con¬ 
centrates of the vitamins extracted from the 
oil. Various processes for the extraction 
of the unsaponifiable matter from cod-liver oil 
for this purpose have been patented; further, 
high-vacuum short-path distillation (“ molecular 
distillation ”) of the oil lias been proposed for 
the separation of the active principles {cf. 
Waterman, van Dijk, and Imperial Chemical 
Industries, B.P. 452442; Hickman and East¬ 
man Kodak Co., U.S.P. 1925559). 

Concerning the alleged toxic effects of the 
administration of cod-liver oil, cf. Agduhr, Z. 
Vitaminforsch. 1934, 3, 99 ; Cpsala Liikare- 
foren Forh. 1933 -4, 39, 307; 1934-5, 40, 183; 
Norris and Chur(h, J. Biol. (3iem. 1930, 89, 437 ; 
W. M. Cox, Jr., and Roos, Bull. Johns Hopkins 
Hosp. 1934, 44, No. 6, 430; Bell, Gregory and 
Drummond, Z. Vitaminforsch. 1933, 2, 161; 
Thatcher, Lan(!et, 1936, 230, 20 ; L. L. Madsen, 
et al. Cornell Univ. Agrie. Exp. 8tat. Mem. 

1935, No. 178 ; Burack and Zimmerman, 
J. Nutrition, 1937, 14, 535. 

Concerning the use of cod-liver oil as a healing 
dressing for burns and other wounds, see W. 
Lohr, Zentr. ('hirurgie, 1934, 61, 1686; cf. 
Lancet, 1934, 227, 367; Steel, ibid. 1935, 229, 
290; Stevenson, ibid. 1376. 

Modern methods in the preparation of cod- 
liver oil emulsions are described by Rothen- 
kirchen (Pharrn.-Ztg. 1934, 79, 804). (Concern¬ 
ing the stability of vitamin-dl in cod-liver oil 
emulsions, see Griffiths, Hilditch and Kae, 
Analyst, 1933, 58, 65). 

Preparations of the soaps of the fatty acids 
(“British Pharmaceutical Codex”), or of the 
unsaturated acids only, of cod-liver oil are used 

' Vitamin-active liver oils are also obtained from 
the burbot (Lota six), a fresh-w^ater fish allied to the 
cod (c/. Nelson,Tolle and Jamieson, TJ.8. Bur. Fisheries, 
Investigational Kept. No. 12, 1932: Poulsson, Norsk. 
Mag. Laegevidenskap. 1931, 92 , 125), and the tunny 
(Thunnus thynnus L.), the latter oil being especially 
rich in vitamin-/) (cf. Brockmann, l.c. ; Schmidt- 
Nlclsen, Kgl. Norske Videnakab. Sclsk. Forh. 1930, 3, 
407). 


in medicine (as a sclerosing agent in, for example, 
the treatment of varicose veins) under the name 
of sodium ynorrhuate (cf. Haines, Lancet, 1933, 
224, 748); the acids themselves are occasionally 
referred to as “morrhuio acid.” 

(The author is indebted toMr. A. L. Bacharach, 
M.A., F.I.C., of tho Glaxo Laboratories, Ltd., 
for helpful criticism and suggestions in con¬ 
nection with this article.) 

E.L. 

CCELESTINE. A mineral, SrSO 4, a source 
of strontium. 

CCELINBLAU, CCERULEUM n. Blue 
Cerulean ; ?'. Coralt. 

CCERULEIN, Anthrcicene green {v. Ali¬ 
zarin ANT) Aixied Dyestuffs. 

CO-ENZYMES, CO-ZYMASE. Following 
Buchner’s famous discovery of an agent in the 
filtered liquid contents of yeast (ells, capable of 
fermenting sugar solutions in the absence of 
living <*ells, Harden and Young (Proc. Chem. 
Soe. 1905, 21, 189) discovered that this agent 
conld be separated by ultra-filtration into a ther¬ 
mostable dialysablc part—the co-zymase—and 
a thcrmolabile non-dialysabk^ part—now calh^d 
apozymase. The addition of the boiled dialyaate 
to the inactive apozymase restored its activity. 
This was in part due to the presence of inorganic 
phosphates and in part to an organic substance. 
In fact, Buchner’s zymase is a mixture of many 
enzymes and tho process of alcoholic fermenta¬ 
tion is a complicated scries of reactions which 
have only recently been ehuudated by Embdcn 
and by Meyerhof. 

In brief, the sugar is phosphorylated before 
being decomposed, the primary product of 
decomposition being tho phosphoric ester of a 
triose, probably glja'eraldehyde, which by dis- 
miitation gives rise to a mixture of phospho- 
glyceric acid and phosphoglycerine. 

In the next stage the glyceric acid passes by 
loss of water under the influence of an enzyme 
into phosphopynivic acid. At this stage tho 
co-enzyme comes into action combining with the 
phosphoric acid group and forming free pyruvic 
acid. The labile co-enzyme-phosphate then 
reacts with glucose to form hexosephosphate 
and regenerated co-enzyme. The pyruvic acid 
is decomposed by carboxylase to acetaldehyde 
and carbon dioxide, the former being subse¬ 
quently reduced to ethyl alcohol. Tho co- 
zymase has been identified as a complex diphoa- 
phodinucleotide containing nicotinic acid (pyri- 
dinecarboxyamide) and adenine. 

In the voluntary and heart muscles, a some¬ 
what similar series of changes takes place, the 
essential difference being that the pyruvic acid 
is reduced to lactic acid. The co-enzyme is 
adenylic acid, the system being 

adenyl pyrophosphate 

<—► adenosine diphosphate 

<—► adenosine-fi-phosphate 

(Meyerhof and Kiessling, Biochem. Z. 1935, 283, 
83 ; Lohmann and Schuster, ibid. 1935, 282, 
104). 

Adenylic acid was found to be a riboside-S- 
phosphoric acid of adenine by Embden and 



COFFEE. 


251 


Schmidt (Z. physiol. Chera. 1929, 181, 130); 
Levene and Jacobs (Ber. 1911, 44, 746); and 
Levene and Stiller (J. Biol. Chem. 1934, 104, 
299). Gulland and Holiday (J.C.S. 1936, 765) 
established its formula as adenine-9-ribo8ide-5- 
phosphoric acid. 


N-C-NHjj 



CH 

CH [CH OHla CH CHj POgH 


2 


o 


Thus the co-enzymes of alcoholic fermentation, 
of lactic acid dehydrogenase, of muscle and of 
Warburg’s (Biochem. Z. 1935, 282, 1, 157) 
oxidation system are all closely related or 
identical (Adler, Euler, and Hellstrom, Nature, 
Dec. 5th, 1936, p. 968). 

Co-zymase is widely present in yeasts, in 
muscle, in various animal organs and tissues, 
particularly the liver, and in certain bacteria. 
It is rare in the higher plants and absent from 
certain races of bacteria, in which another 
form of sugar degradation must take place 
(Myrba(?k and Euler, Ber. 1925, 57, 1073 ; 
Virtanen and Simola, Z. physiol. Chem. 1927, 
163, 284). 

It is obtained as a colourless, easily soluble 
powder (a recent summary relating to co-zymase 
is given by Myrbilck, Ergebnisse der Enzym- 
forschung, 1933, 2, 139-168). 

There is evidence afforded by purification by 
moans of copper (Euler, Albers and hlchlenk, 
Z. physiol, t^hem. 1935, 234, 1) or by heating 
(Euler and Vestin, Z. physiol. Chem. 1935, 237, 
1) that co-zymase is a molecule possessing groups 
whose powers of activating enzymic reactions 
are independent of each other. Andersson (Z. 
physiol. Chem. 1935, 235, 217) concludes that the 
substance has two independent reaction centres, 
one in an adenylic acid grouping concerned with 
phosphorylation and the other with oxidation- 
reduction. 

E. F. A. 


COFFEE. The beverage known as “ coffee ” 
is prepared by infusion of the beans or seeds of 
Coffea arahicUy an evergreen shrub indigenous 
to North East Africa and Arabia. The use of 
coffee orginated in Abyssinia, whence it was 
introduced into the neighbouring Mohammedan 
countries, its physiological action in promoting 
sleeplessness being regarded as of advantage to 
those attending the prolonged religious cere¬ 
monies. In spite of objections by the priests 
on the ground that it was an intoxicating 
beverage, its popularity became firmly estab¬ 
lished there and has continued. The use of 
coffee was extended through Europe during the 
first half of the seventeenth century and in 
1652 it was introduced into England. Here it 
rapidly attained popular favour and during the 
following two centuries “ coffee houses ” played 
an important part in the social life of Enghsh 
cities. In 1847 the importation of coffee 
reached a maximum of nearly 17,000 tons, but 
since then it has declined, owing, no doubt, to 
the greatly increased use of tea and also, in 
some measure, to the introduction of coffee sub¬ 


stitutes. For the past decade the clearances for 
homo consumption have been as follows : 


Year 

Clearances, 

(ended 31 st March). 

tons. 

1926-1927 . . 

.... 15,981 

1927-1928 . . 

. . . . 15,897 

1928-1929 . . 

. . . . 15,453 

1929-1930 . . 

.... 15,306 

1930-1931 . . 

. . . 16.709 

1931-1932 . . 

. . . . 16,340 

1932-1933 . . 

.... 15,521 

1933-1934 . . 

. . . . 14,782 

1934-1935 . . 

.... 14,763 

1935-1936 . . 

. . . . 15,052 


These quantities may be compared with the 
importations into the United States, which are 
over 700,000 tons per annum. 

The importations into the United Kingdom 
are almost equally from Empire and non- 
Empire sources, although since 1933 the balance 
has be^cn slightly in favour of the former, which 
in 1935-1936 reached nearly 53% of the 
total. This trend in favour of the Empire 
products (which are chiefly from British blast 
Africa and India) is probably due to in¬ 
creased imperial preference under the Ottawa 
agreement. 

The coffee tree belongs to the natural order 
Cinchonacefle which embraces, according to 
hindley and Paxton, two species, C. arabica and 
C, but some botanists distinguish 

many other species. Four commercial types 
distinct from each other are now grown; 
(1) Arabian or Mocha coffee, having short, upright 
bramthes with a brittle leaf, and seeds usually 
single in the berries. (2) Jamaica coffee, bearing 
longer and more pliable branches, a tougher leaf, 
and seeds almost always double in the berries. 
(3) East India or Bengal coffee, of which the 
leaf is smaller than that of the Jamaica variety 
and the berry very small. (4) Liberian coffee is 
taller and has larger leaves and fruit than the 
other varieties, but, owing to its coarse flavour, 
it was not until recently of much commercial 
use. It has, however, now attained importance, 
on account of its hardy habit and power of 
resistance to disease, and is largely cultivated by 
grafting on to its stem the more delicate and 
highly esteemed Arabian coffee. Trees growing 
wild in the Cingalese jungle attain a height of 
14-18 ft., but, under cultivation and subjection 
to systematic pruning, the plant rarely exceeds 
9 ft. and is usually less. 

Production. —Within the tropics the coffee 
tree thrives best at 1,200-3,000 ft. above sea 
level, but grows at a height of 6,000 ft. When 
the mean temperature is about 70“ it may grow 
as far north as latitude 36“. It is cultivated in 
the West Indies, Mexico, Central America, 
Brazil and Cayenne ; in Western Africa, Egypt, 
Mozambique and Natal ; in Arabia, India, 
Ceylon, Siam, Sumatra, Java, Celebes and other 
parts of the Eastern Archipelago, Fiji and the 
islands of the Pacific. According to data ex¬ 
tracted from the “ International Year Book of 
Agricultural Statistics ” the total world pro¬ 
duction of coffee for the years 1930-1935 was as 
follows. 
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Production 


Year. 

(thousands i 

1930-1931 

.... 2,365 

1931-1932 

.... 2,035 

1932-1933 . 

. . . . 2,330 

1933-1934 . 

. . . . 2,472 

1934-1935 . 

. . . . 2,078 


Of these totals Brazil produced, on the average, 
about r>7%. Brazil is also the greatest exporter 
of coffee, a preponderance clearly demonstrated 
by the following data published by the Brazilian 
Government; 

(Thousands of tons.) 



1933 

1934 

1935 

1930 

Exports from Brazil— 

To Europe . 

353 

344 

368 

337 

To United States . 

486 

490 

489 

470 

To southern ports . 

68 

64 

75 

80 

Exports from other 
countries— 

To Europe . 

263 

294 

271 

323 

To United States . 

220 

205 

244 

278 


Although the exportation from Brazil has shown 
little variation, the production is restricted by the 
fact that the trees, after a year of heavy crops, 
require a season to recuperate. For commercial 
reasons much of the coffee produced in Brazil 
has been withheld from the market and to the 
end of 1935 o\’er 2 million tons had been 
destroyed. According to data i)ublishcd by the 
Empire Marketing Board in 1932 the area under 
cultivation in the British Empire was about 
368.000 acres conjpared with about 10,000,000 
acres in foreign countries, whilst of the total world 
exportation 3% was from Empire countries. 

Cultivation. —The method of forming planta¬ 
tions varies somewhat in different countries. 
The surface soil should be good and the subsoil 
not very heavy. Probably the best soil is that 
known in Brazil as “ terra roxa,” a top soil of 
red clay 3 or 4 ft. thick w ith a subsoil of gravel. 
Virgin forest land is as a rule found to be very 
suitable. The soil should not be very wet and 
steep slopes are unsuitable owing to rain wash. 
The loss due to this cause may be repaired by 
good manure—well rotted dung and ground 
bones being the best. According to Beckley 
(Kenya Colony Dept. Agric. Bull. 1932, 16) 
ground rock phosphate and bone meal form the 
most effective fertiliser. Slieltcr from wind is 
most important. The young plants may be 
reared from seeds in nurseries, whence they 
are transplanted to their permanent position, 
or they may be gathered out of the old planta¬ 
tions. The age at which this is done varies. 
Thus in Brazil transplanting usually takes place 
when the plants are 2 years old, whilst in the 
West Indies the plants are about 6 months old. 
Fruit is produced in the fourth year and con¬ 
tinues to be gathered for several years. The 
tree blossoms and bears fruit practically all 
the year round and the fruit takes about four 
months to ripen. There is thus in some cases an 
almost perpetual crop, but, as a rule, there are 
two principal harvest seasons in the year. Leaf 
and berry fall, caused by disease, has been the 
subject of considerable investigation, par¬ 
ticularly in Kenya (Dept. Agric. Bull. 1932, 17, 
20 ; 1934, 3). The conclusions indicate that 


there is no relation between the incidence of 
the disease and the chemical composition of the 
soil, and the addition of lime and fertilisers does 
not protect trees predisposed to attack. Whilst 
it is stated that Bordeaux mixture is not in itself 
a satisfactory renu'dy, certain rnoditi (nations of 
the mixture arc suggested which will prevent 
germination of the fungus spores. According 
to 81adden (Bull, Agric, Congo Beige, 1932, 23, 
329) infection of the harvested bean with 
StcjjJianderes hampei can be corrected by fumi¬ 
gation with tur])entine, which does not injure 
the germinative power of the beans. Layers of 
the beans arc alternated with layers of cotton 
cloth soaked with 1 ml. of turpentine per 
1(X) sq. cm. and allowed to stand in hermetically 
sealed containers for 3 days at 26°C. 

The coffee fruit consists of a bilobed berry 
somewhat resembling a small elongated cherry, 
by which term it is described commercially. 
As the fruit ripens the fleshy pericarp changes 
colour from green through yellow and red to a 
deep crimson. When dried, it blackens and 
becomes hard and brittle, resembling a shell or 
husk- Beneath the skin of the pericarp is a 
saceharino and somewhat glutinous pulp con¬ 
taining the seeds, wdn'ch are usually double, 
lying face to face, but sometimes occurring 
singly. Each seed or bean is enclosed in two 
membranous coverings—an outer, consisting 
of tough buff'-coloured tissue, technically known 
as “ parchment,” which bc(.‘omes loose and 
readily separates on drying ; and an inner film 
of thin w hite tissue, closely adherent to the bean, 
and known as the silver skin. 

Harvestinu. —The principal methods in 
vogue for gathering and pro]>aring the coffee 
berries for commerce are as follows. In Arabia, 
Egypt, and the Antilles the berry is left on the 
tree till completely dried, w hen it is easily shaken 
down and the dry outer envelope and the 
” parchment ” removed by pounding in a 
mortar, beating with a flail, or simply rubbing 
in the hands, in other countries the berries 
are gathered by hand as soon as ripe but not 
dry and are spread out on the ground in layers 
from 4 to 6 in. deep. These arc exposed to the 
sun’s heat for 3 or 4 weeks with frequent 
turnings with a spade, when the bean becomes 
easily removable from the fruit by gentle tri¬ 
turation. This process, however, sometimes 
imparts to the coffee a disagreeable flavour due 
to putrefactive changes in the pulp, and recourse 
is therefore frequently had to artificial heat. 
The most modem method is to “ pulp ” the 
berries by crushing between rollers so as not to 
injure the beans, which are then subjected to a 
fermenting process in tanks, with or without 
the addition of water, after which they are 
separated from the pulp by “ washing ” and 
dried, either by the sun or by artificial means. 
Coffee beans in the form of “ cherry ” rarely 
enter into commerce but frequently retain the 
parchment and inner skin, which, however, are 
removed by rolling and winnowing before the 
beans are roasted. The beans are then graded 
into different sizes by special machinery which 
also separates the round, or “ pea-berries,” from 
the ordinary flat-faced beans. The following 
table will indicate the variations in size : 
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Fine brown Java 

No. of seeds in 
approx. 50 ml. 
187 

Fine Mysore .... 

198 

Fine Neilgherry 

203 

Costa Rica. 

203 

Good ordinary gautemata . 

207 

Good La Guayra 

Good average Santos . 

210 

213 

I<^ine long berry Mocha. 

217 

Good ordinary Java 

223 

Fine Ceylon plantation. 

225 

Good average Rio . 

236 

Medium plantation (Ceylon) 

238 

Manila. 

248 

Ordinary Mocha 

270 

West African .... 

313 


Roastino. —Tho object of roasting coffee is 
to develop its aroma and to destroy its toughness 
so that it may easily be reduced to powder. 
The process is conducted in cylinders heated 
by coke fires or gas. The cylinders are usually 
made of strong wire gauze to permit the esoapf? 
of steam and other volatile products im¬ 
mediately they are formed. Great care is 
necessary to ensure an ecpiable roasting of all 
the beans and to attain the exact point at which 
the process should cease. ]f, on tho one hand, 
tho process is not carried far enough, the flavour 
of the bean is not developed and the coffee is 
hard to grind. On the other hand, overheating 
causes carbonisation and the production of a 
strong empyreumatic flavour, which renders the 
coffee infusion nauseous. The loss in weight is 
from 15 to 18%, of which approximately one half 
is due to moisture and the rest, cdiiefly to volatile 
products derived from the fat and from the 
sugar during caramelisation. A certain small 
amount of caffeine is also lost. At the same 
time an oily substance caffeol {q.v.) is developed, 
which, although present only in very small 
proportion, imparts to roasted cofifec much of its 
characteristic aroma. The most favourable 
temperature for developing the maximum aroma 
during roasting is a little above 200'^C. After 
roasting it is most important that the beans 
should be cooled rapidly. This is effected by 
spreading them on a large sieve through tho 
meshes of which they cannot pass, but through 
which air is forcibly drawn by means of a power¬ 
ful exhaust connected with a closed chamber 
immediately below tho sieve. 

During the process of roasting various sub¬ 
stances are driven off. Bernheimer (Wien 
Akad. 1880, 81, (2), 1032) found that, after water 
vapour, there is a sudden evolution of carbon 
dioxide probably due to a process of destructive 
distillation accompanied by dehydration and 



Gummy 

matter. 

Caffeine. 

Finest Jamaica plantation 

25*3 

1-43 

Finest green Mocha . 

22-0 

0-64 

Ceylon plantation . 

23-8 

1-53 

Washed Rio .... 

27-4 

M4 

Costa Rica. 

20-6 

118 

Malabar. 

25-8 

0-88 

East Indian .... 

24-4 

101 


polymerisation. Trigg (R.K.D. Bull. No. 3). 
In the interior of the bean reducing 
conditions obtain whilst oxidation takes 
place f)n the exterior. Bernheimer (Monatsh. 
1880, 1, 456) found that 50 kg. of raw coffee 
beans roasted in a revolving drum yielded 
about 5 litres of liquid distillate with approxi¬ 
mately 680 g. of solid floating thereon. The 
filtered liquid was yellow in colour and had the 
fragrant odour of coffee. It was found to con¬ 
tain caffeine, caffeol, acetic acid, (piinol, methyl- 
amine, and acetone. The solid portion was 
found to consist chiefly of palmitic acid. in 
contradiction to the above workers Hagen 
(Trop. Agric. 1922, 59, 269), whilst admitting 
that marked changes take place during normal 
roasting, considers that the constituents of the 
bean are not dissipated, there being a trans¬ 
formation into substances which contribute to 
the aroma of the roasted product. Erdmann 
(Ber. 1902, 35, 1846) attributed the aroma of 
roasted (;ofiee to traces of a(*,etic acid, furfural, 
valeric acid, an unstable nitrogenous compound, 
and a phenolic body resembling creosote, whilst 
other workers hav(‘ suggested that the main 
odoriferous principle is some unid(uitific(l nitro¬ 
gen comjK>und. 

Detekioration af-per Roasting. —»Since the 
essential oil rapidly escapes after the bean is 
broken up coffee should not be ground until 
required for infusion. Apart from this j>hysical 
consideration, howevcT, the bean undoubtedly 
gradually undergo('s a process of deterioration 
due to chemical changes and known in the trade 
as “ staling.” Trigg (/.r.) suggests that this is 
due to hydrolysis and oxidation, causing altera¬ 
tion and volatilisation of the aromatic principles. 
Tunnettand Eddy (Food Ind. 1930,2, JOl) suggest 
that the taste of stale coffee is probably due to 
the oxidat ion of the oil. They found that stale¬ 
ness developed only slightly faster in ground 
than in unground coft'ee. Their work has been 
further devtdoped by Bengis (Food Ind. 1935, 
7, 490), who states that roasted coffee contains 
about 15-16% of oil and fat, much of which is 
unsaturated. The oil extracted from freshly 
roasted coffee carries in it the aroma and flavour 
bearing substances which are easily oxidised. 
On the other hand, the oil extracted from stale 
coffee has a rancid, disagreeable flavour. It 
absorbs much less oxygen which, it is therefore 
suggested, jflays an important part in the 
“ staling.” 

Chemical Composition. —Many investigators 
have published data relative to the chemical com¬ 
position of coffee. Levasic (Arch. Pharm. 
1876, [iii], 8, 294) found the following percentage 
values : 


Fat. 

Tannic 

and 

Caffe- 

tannic 

acids. 

Cellu¬ 

lose. 

Ash. 

1 Potasli. 

1 

Phos¬ 

phoric 

acid. 

14*76 

22*7 

33*8 

3*8 

1*87 

0*33 

21*79 

23*1 

29*9 ' 

4*1 

2*13 

0*42 

14*87 

20*9 

36*0 

4*0 

— 

0*27 

15-95 

20*9 

32*5 

4*5 

— 

0*51 

2112 

2M 

33*0 

4*9 

— 

0*46 

18*80 

20*7 

31*9 

4*3 

— 

0-60 

17*00 

19*5 

36*4 

i 

— 

1 
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Commaille (Mon. Sci. 1876, [3], 6 , 779) found 
in undressed Mysore coffee : 


% 

Fat.12-68 

Glucose.2*60 

Lepumin-cascin . . . 1-52 

Albumen.1-04 

Caffeine.0*42-1 -31 

Ash.3*88 


Five different commercial types of Ceylon 
coffee gave the following results published by 


the Imperial Institute : 


Moisture . 

Min. 

101 

Percentage. 

Max. 

10*6 

Average. 

10*3 

Caffeine . 

2*1 

2*4 

2*3 

Crude proteins . 

11*2 

13*4 

12*5 

Fat .... 

6*1 

7-8 

6*9 

Carbohydrates . 

49-3 

52-1 

50*7 

Crude fibre . . 

13*5 

15-3 

14*4 

Ash ... . 

3-3 

3*5 

3*4 


It will be observed that these samples w^ere un¬ 
usually rich in caffeine w^hilst the proportion of 
fat was low. Data published by the same 
authority for coffee grown in Sierra Leone w^ere 
more normal, approximating closely to the 
values for Arabian coffee, viz. moisture 8*2, 
caffeine 1*3, crude proteins 8*5, fat 10*1, nitro¬ 
gen-free extract 50-6, crude fibre 17*8, and ash 
3*5%. Valenzuela (Philippine J. Sci, 1929, 
40, 340) gave the average percentage composi¬ 
tion of seven varieties grown in the Philippines 
as follows : moisture 9-86, caffeine 1*87, fat 
8*71, reducing sugar 5*22, crude fibre 19*65, 
nitrogenous substances 12*95, and ash 4*10. 

Caffeine .—Of the substances which have been 
isolated from coffee that whicli has attracted 
most attention is caffeine. It is interesting that 
the two other popular beverages, tea and cocoa, 
contain respectively the alkaloids theine, 
identical with caffeine, and theobromine, which 
is closely related to it. It has been suggested 
that the caffeine is present as caffetannate, whilst 
Gorter (Annalen, 1908, 358, 327) states that the 
caffeine occurs in coffee combined with potas¬ 
sium as potassium-caffeine-chlorogenatc, 

C„H„0,K(C,H,„N,0,)2. 

Caffeine also occurs in many other commodities 
and the method of its determination has there¬ 
fore received considerable attention. The per¬ 
centage of caffeine in coffee, and particularly in 
the so-called de-caffeinised coffee, is so low, 
however, that some methods suitable for general 
application are of little value in this connection 
and only those especially devised for coffee need 
be mentioned. Lendrich and Nottbohra (Z. 
Unters. Nahr.-Genussm. 1909, 17, 241) propose 
the extraction wdth carbon tetrachloride, and 
transference to solid paraffin which is then 
extracted with water. After clearing with 
potassium permanganate the aqueous solution is 
evaporated to dryness, the residue extracted with 
chloroform, dried, and weighed. Fendler and 
Stiiber (Z. Unters. Nahr.-Genussm. 1914, 28, 9) 
whilst confirming this method suggest certain 
modifications which render the estimation more 
expeditious. Vautier (Mitt. Lebensm. Hyg. 1919, 
10, 272) suggests that at least 10 g. of the sample 


should be taken and first extracted with ether. 
The crude caffeine should then be extracted with 
chloroform, evaporated to dryness with sodium 
carbonate, again extracted with chloroform five 
or six times, the extracted caffeine then being 
dried and weighed. Bonifazi (Mitt. Lebensm. 
Hyg. 1926, 17, 307) confirms Vautier’s method. 
Various modifications have been suggested. 
Thus Ugarte (Chemia, 1930, 7, 490) proposed 
that before extraction the material should first 
be carbonised cautiously in a Kjeldahl flask, 
care being taken that none of the white vapour 
formed is allow^ed to escape. Bonn and Desgrez 
(Ann. Falsif. 1931, 24, 546) propose that after 
extraction the residue from evaporation should 
! bo taken up in 10 ml. of 5% HCl and an excess 
of silicotungstic acid solution added. After 
heating and prolonged standing the precipitate is 
filtered off, ignited and weighed, the weight of the 
precipitate multiplied by 0*2236 representing 
the hydrated caffeine. Heiberg (Mitt. Lebensm. 
Hyg. 1933, 24, 54) states that best results are 
obtained if the powdered coffee is first rubbed 
wdth a mixture of lime and quartz sand. Herndl- 
hofer (Mikrochem. 1932, 12, 227) proposed an 
interesting nephelometric method for measuring 
the turbidity produced by adding sodium 
phosphotungstato to a caffeine solution. The 
amount of caffeine in “ decaffeinised ” coffee 
varies considerably according to the nature of 
the original coffee and the process employed. 
Guillaume and Lefranc (Bull. Sci. Pharmacol. 
1935, 42, 14) state that the quantity of soluble 
substance in “ caffeine-free ” coffee is only two- 
thirds of that in the untreated material and the 
caffeine may be as low as 0*0004%. Braunsdorf 
(Z. Unters. Lebensm. 1933, 65, 460) found that in 
an infusion of 8-11 g. in 150 ml. “ caffeine-poor 
coffee gave up to 22 mg. of caffeine, “ caffeine- 
free ” coffee gave up to 8*8 mg., and coffee gave 
up to 72 mg. Bonifazi (Mitt. Lebensm. Hyg. 
1926, 17, 307) found that 20 g. of decaffeinised 
coffee usually contains about 8*4 mg. of caffeine. 
For the estimation Borgmann (Apoth.-Ztg. 1931, 
71, 56) proposes a method involving Soxhlet 
extraction, whilst Clifford (J. Assoc. Off. Agric. 
Chem. 1931, 14, 553) supports a method based 
upon sublimation. 

Caffetannic acid, which is said to be present in 
coffee, is uncertain in its composition and very 
susceptible to change. According to Gorter 
(Annalen, 1908, 358, 327) it is associated with 
chlorogenic acid, which is present in the pro¬ 
portion of 6 3-7*7% in the raw bean and 3*2- 
4*5% in the roasted coffee (Hoepfner, Z. Unters. 
Lebensm. 1933, 68 , 238). The same worker 
(Chem.-Ztg. 1932, 56, 991) states that in the 
presence of acetic acid, chlorogenic acid gives a 
brilliant carmine coloration on the addition of 
NaOH. His method has been modified by 
Plucker and Keilholz (Z. Unters. Lebensm. 1934, 
68, 97). Jurany (Z. anal. Chem. 1933, 94, 225) 
proposes a method involving extraction with 
alcohol and transfer through solid paraffin to an 
aqueous solution which is cleared with lead 
acetate, the optical rotation then giving a 
measure of the chlorogenic acid present. 
According to Jurany samples of raw coffee were 
found by this method to contain 8-9% of ohloro- 
genic acid, q.v. 
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Sugar ,—Herfeldt and Stutzer (Z. angew. 
Cliem. 1895,8,469) state that sugar occurs in the 
raw bean only as a glucoside. This is in con¬ 
tradiction to the findings of other investigators. 
Thus Konig and Bell found from 5 to 9% in raw 
coffee. In support of this finding Bell points 
out that when the saccharine extract of the 
beans is boiled with a little dilute sulphuric acid 
a quantity of glucose is obtained nearly equiva¬ 
lent to the weight of dry extract operated upon, 
a result inconsistent with the presence of sugar 
as a glucoside. Bell considers that this sugar 
is not present as sucrose, but the chemists of the 
United States Department of Agriculture 
(Bulletin 13) have isolated cane sugar in con¬ 
siderable amount as pure, well-defined crystals. 
It is usually accompanied by some invert sugar 
probably formed during the process of extraction. 
It is generally admitted that there is practically 
no sugar in roasted coffee, that present in the 
raw bean being nearly all caramelised during 
roasting. 

CellnLose .—In coffee this is very hard and 
very difficult to define under the microHcope, 
especially after roasting, although the chief 
charactcristicis of the cellular tissue are more 
or less retained. It is dissolved by an ammonia- 
cal solution of copper oxide and gives a blue 
colour with sulphuric acid and iodine. Rem¬ 
nants of the “ silver skin ” are always present 
even after roasting, and its structure, a thin 
membrane with adherent thick-walled, spindle- 
shaped and hollow ceils, is quite pe(;uliar to coffee 
and a useful means of identification. 

Fat V . Coffee Bean Oil, 

Protein, chiefly in the form of insoluble 
albuminoids, occurs in coffee, both raw and 
roasted, to the extent of from 10 to 14%, the 
soluble albuminoids constituting about 2 %. 

Mineral Matter .—The total amount of ash 
varies from 3-5 to 4-0% in raw, and from 4-0 to 
5-0% in roasted coffee. The following percent¬ 
age compositions are given by the United States 
Department of Agriculture (Div. of Chem., Bull. 
13, 904). 

Mara- 



Mocha. 

cal bo. 

Java. 

lUo. 

Sand .... 

1*44 

0*72 

0*74 

1*34 

Silica (SiOg) 

0*88 

0*88 

0*91 

0*69 

Ferric oxide (FegOg) 

0*89 

0*89 

1*16 

1*77 

Lime (CaO) 

7*18 

5*06 

4*84 

4*94 

Magnesia (MgO) . 

10*68 

11*30 

11*35 

10*60 

Potash (KgO) . . 

59*84 

61*82 

62*08 

63*60 

Soda (NagO) . 

0*48 

0*44 

— 

0*17 

Phosphoric acid 





(PaOfi) . . . 

12*93 

13*20 

14*09 

11*63 

Sulphuric acid 





(SO 3 ) . . . 

4*43 

5*10 

4*10 

4*88 

Chlorine 

1*25 

0*59 

0*73 

0*48 


Ludwig (Arch. Pharm. 1872, [iii], 1, 482) 
states that the silica increases from the root 
upwards to the leaves and pericarp of the fruit, 
after which it declines in the parchment skin 
and is nearly absent in the bean. 

Physiological. —The primary value of coffee 
as an article of human consumption is its 
stimulative property. Indeed, it can, when taken 
in a strong infusion, have such an exhilarating 
effect that, as already stated, attempts were 
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‘ made to prevent its use in Mohammedan countries 
on the ground that it was an intoxicant. 

According to Lehmann and Weil (Arch. hyg. 

1923, 92, 58) the action of coft'ee on the nervous 
system is to be attributed to the caffeine present. 
For the same reason coffee is a stimulant to 
gastric secretion (Haneborg, Acta. Med. Scand. 

1924, 61, 228; and Farrell, North Western Univ. 
Amer. J. Physiol. 1928, 85, 672) although 
Bandoin (Bull. Soc. hyg. aliment, 1920, 11, 655) 
found that coffee has a decided retarding effect 
on peptic and pancreatic digestions which is 
proportionate to the tannin contcjit. A strong 
infusion of coffee has a distinct diuretic effect 
which, probably owing to the action of lecithin, 
can be inhibited by the addition of milk or 
(more ctt'ectively) cream, Hitzenberger and 
Roller (Wien. Arch. inn. Med. 1935, 27, 133). 
Pietro di Mattel (Arch. Farm, sperim. 1923, 35, 
5) found by experiments on jugeons that roasted 
coffee had a marked curative effect in cases of 
polyneuritis, although raw coflee and pure 
caffeine were without effect. 

Auultekation.— Although the adulteration 
I of coffee in this country is now practically non¬ 
existent, it is very common abroatl and the 
number and variety of the adulterants are almost 
unlimited. Many of these are best detected by 
means of the microscope. Digestion with v ater 
affords a ready means of differentiating between 
the pale soft-walled tissues of the cereals and 
roots, often used as adulterants, and the dark- 
coloured and hard-walled tissue of coffee. The 
cereals may readily be identiiied by their 
characteristic starch granules. The chemical 
differences between coffee and its adulterants are 
also strongly marked, as the sophisticated pro¬ 
ducts usually show high aqueous e.xtract and 
sugar and low fat and caffeine contents. The 
density is also a useful factor in the preliminary 
examination, that of raw coffee varying between 
1*041 and 1*368 and that of roasted coffee 
between 0*500 and 0*635. In the Paris Municipal 
Laboratory, Rcgnault’s volumenometer, as 
modilied by Dupre, is used for this purpose. 
Colouring matters are frequently employed to 
disguise damaged beans and give them the 
apjiearance of superior quality. Among the 
substances so used are chrome yellow, yellow 
ochre, indigo, Prussian-blue, azo-dyes, and 
soapstone for the raw bean ; and burnt umber, 
oxide of iron, and Venetian red for the roasted 
bean. The inorganic colouring matters are best 
sought in the ash or in the sediment obtained by 
shaking the beans in cold v ater ; indigo and 
Prussian blue by their usual reactions and other 
colouring matters by extraction with alcohol. 
Glazing is a process resorted to for the alleged 
purpose of preserving the roasted beans. The 
substances used, a mixture of egg albumen with 
glucose or gum, are said to have the effect of 
clarifying the infusion. The improved appear¬ 
ance of the beans and increased weight due to the 
retention of moisture, are probably also im¬ 
portant considerations. The latter result is 
sometimes attained by the addition of sugar 
before roasting or by steaming the beans and 
coating them with glycerine, palm oil or vaseline 
to prevent evaporation of moisture. Bertarelli 
(Z. Nahr. Genussm. 1900, 3, 681) describes the 
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adulteration of roasted coffee beans with a 
solution of borax, which not only gives the beans 
a glossy appearance but also adds as much as 
12% to their weight. Shellac is occasionally 
used for glazing, and Nottbohm and Koch (Z. 
Nahi’. Genussm. 1911, 21, 288) draw attention 
to the fact that shellac is sometimes coloured 
by arsenic trisulphide. Coffee beans which had 
been glazed with arsenical shellac were found to 
be strongly contaminated with arsenic. Zur- 
briggen and Scheurer (Mitt. Lebensm. Hyg. 
1931, 22, 377) found that many substances used 
as coatings for coffee can be identified by washing 
the grains with a suitable solvent, evaporating 
and comparing the fluorescence of the extract 
under a mercury lamp with that of pure speci¬ 
mens of the substances suspected. 

Although the addition of chicory {q.v.) to 
coffee is often regarded as a form of adulteration, 
public preference for this admixture justifit's 
the view that chicory is an adjunct to, rather 
than an adulterant of, coffee if its presence is 
disclosed at the time of sale. It would appear, 
however, that chicory is declining in favour, the 
consumption in the United Kingdom having 
steadily fallen from 3,200 tons in 1927 to 700 
tons in 1936. Chicory has little in common with 
coffee except a considerable proportion of 
sugar which is converted into caramel in the 
process of roasting and thus imparts to the 
infusion a deep colour, a bitter taste, and an 
aroma somewhat resembling that of coffee. 
Smith and Bartell (Univ. of Mich. Dept, of 
Eng. Kesearch, Sept. 1924) show that, owing 
apparently to a process of chemical reaction 
between the caffeol of the coffee and the soluble 
constituents of the chicory, the aromatic caffeol 
is held in the infusion. An elaborate research 
into the nature of coffee and chicory with a view 
to the detection of adulteration was made at 
the instance of the Commissioners of Inland 
Revenue in 1852 by some of the leading botanists 
and chemists of the day, and the results are of 
great practical value even at the present time. 
The following table, prepared during this in¬ 
vestigation, shows the sp.gr. at 60'^F. of solutions 
made by treating 1 part of each of the sub¬ 
stances named (roasted and finely ground) with 
10 parts of water (by weight), raising the mixture 
to boiling-point for half a minute, then filtering 
and cooling. 


Spent tan. 1002*1 

Date stones. 1002*9 

Lupin seed. 1005*7 

Acorns. 1007*3 

Peas. 1007*3 

Mocha coffee. 1008*0 

Beans. 1008*4 

Neilgheny coffee .... 1008*4 

Plantation Ceylon coffee . . 1008*7 

Java coffee. 1008*7 

Jamaica coffee. 1008*7 

Native Ceylon coffee . . . 1009*0 

Costa Rica coffee .... 1009*6 

Parsnips.1014*3 

Carrots.1017*1 

Black malt.1021*2 

Turnips.1021*4 

Rye malt.1021*6 


English chicory.1021*7 

Dandelion root.1021*9 

Red beet. 1022*1 

Foreign chicory .... 1022*6 

Guernsey chicory .... 1023*2 

Mangold wurzel .... 1023*5 

Roasted figs. 1024*9 

Maize. 1025*3 

Bread raspings. 1026*3 


It will be seen from the above table that the 
low specific gravity of the coffee infusion dis¬ 
tinguishes it from roots and cereals, and when 
chicory is the only substance admixed with the 
coffee its percentage may be calculated with 
approximate accuracy by a comparison of the 
gravity of the infusion of the mixture with 
the average gravities of coffee and chicory given 
in the table. As an alternative method ISavini 
(Annali Chim. Appl. 1923, 13, 217) suggests 
boiling 10 g. of the sample for 5 minutes with 
200 ml. of water. The infusion is then cooled, 
made up to 250 ml., and filtered ; 25 ml. of the 
filtrate are evaporated to dryness and the residue 
weighed. Variation from the normal figure for 
coffee indicates some form of aflulteration. 
Bunco and Moitra (Analyst, 1932, 57, 708) 
state that the average extract obtained from 
Indian coffee is 28%, which is about 4% higher 
than is ordinarily assumed for coffee, and that 
therefore the origin of the coffee must be taken 
into account in applying the above methods. 
The relative colouring powers of roasted coffee 
and chicory afford a further simple test for the 
presence of chicory or other substances contain¬ 
ing caramel. A few grains of the sample are 
placed on the surface of cold water in a glass 
vessel, without stirring, when the particles of 
foreign substance each emit a brownish-coloured 
cloud, which is rapidly diffused in streaks 
through the water. Pure coffee affords no 
appreciable coloration under similar conditions. 
The chicory readily sinks, whilst nearly the 
whole of the coffee remains at the surface. If 
examined under the microscope the sediment 
of chicory which reaches the bottom of the vessel 
will be found to exhibit the characteristic large 
cells with dotted vessels and branching lacti¬ 
ferous ducts. Even to the touch of a needle there 
is a difference, for whilst chicory under these 
conditions will feel soft, the coffee grains remain 
hard. Winter-Blyth (“ Foods ; Their Com¬ 
position and Analysis,” p. 368) thus summarises 
the influence of chicory on the coffee mixture ; 
the respective proportions of gum, fatty matter, 
tannic and caffetannic acids, and caffeine are 
decreased, the proportion of sugar is increased, 
and the constitution of the ash is profoundly 
modified, especially in the proportion of silica, 
which is not found to any great extent in coffee 
ash. In amplification of the last point the 
following may be accepted as representing the 
principal differences in the composition of 
the respective ashes : 


Coffee. 

Silica and sand . — 

Carbonic acid . . 14*92 

Sesquioxide of iron 0*44-0*98 
Chlorine . . . 0*26-1*11 


Chicory. 

10*69-35*86 

1*78-3*19 

3*13-6*32 

3*28-4*93 
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The^ro is a marked difference in the proportion 
of ash soluble in water, that from coffee being 
about 75-85% and from cliicory 21-35%. 

“ DecaffpAnaised ” Coffee .—The public demand 
for “ decaffeineised ” coffee has resulted in 
considerable search for a method which, while 
removing some or all of the (jaffeine, will yield a 
product possessing unimpaired the flavour 
and aroma of the original bean. Many of the 
processes thus devised have been patented and 
it is possible that, at least in some cases, com¬ 
mercial considerations have, in part, formed the 
basis for the favourable claims advanced on their 
belialf. In any case the so-called “ dccafi'einc- 
ised ” coffee almost invariably contains some 
(‘aff’cinc! which ma^y vary from a trace up to 
]%. 3'he basic principle underlying nearly 
all the proccss(*s is some form of extraction 
but the solvents used and th(‘ treatment of 
the beans show wide variation. When an 
aqueous extraction is relied upon the water may 
be untreated, rendered alkaline, or loaded by 
the solution of sugar or otlier substances, iri 
order to effect the selective removal of the 
(aiffeine from the beans. The organic solvents 
used include benzene, toluene, ketones, alcohols 
and chloroform. In some cases solvents are 
us(;d in rotation whilst in v)thers an emulsion of 
chloroform or benzene with water is used. The 
extraction soinetimes takes pla(;e under pre.ssure 
whilst in otheu* methods the beans are crushed, 
rolled, or steam-heated before or during the 
extraction. It is a common practice to remove 
the last traces of the solvent by passing a 
current of hot air or steam over the beans at 
tlu*! eml of the process. In some cases no 
attempt is made to conduct a selective extrac¬ 
tion. Conditions are imposed which result in 
siibstanc^es other than caffeine being removed. 
The solution is subsequently treated with a 
solvent in wdiich the caffeiiH‘ is readily soluble 
and the residual extract returned to the beans by 
spraying before roasting. As an alternative to 
extraction by treatment of the beans with a 
solvent it is claimed that infusions of coffee <-an 
be “ decaffeineised ” by passing through char¬ 
coal or a layer of silica gel. 

Substitutes or Imitations, although not 
very common in the United Kingdom, are more 
prevalent in the coffee-drinking countries of 
Europe and America. They are prepared from 
a variety of different substances. In addition 
to chicory, these include acorns, beet refuse, 
bran, cereals (barley, maize, malt, oats, rye and 
wheat) caramel, carrots, dandelion root, figs, 
lupin seeds, mangolds, parsnips, peas, beans, 
coffee husks, cassia seeds, date stones, etc. In 
general these may be identified by the methods 
proposed above. These preparations are some¬ 
times offered quite openly as substitutes, but 
imitation beans have been prepared by mixing 
any of the above with gum, molasses or other 
adhesive material and skilfully moulding the 
mixture into the form of coffee berries. The 
following are some of the imitations or sub¬ 
stitutes which have been placed on the market : 

Negro or Mogdad coffee made from the seeds 
of Cassia occidenUilis. 

Massaendur coffee from the seeds of Osertnera 
vagirmta, 

VoL. 111.-17 


Kunst Kaffee from roasted roots or cereals. 

Pelolas coffee and Coffee surrogate from ground 
acorns. 

Date coffee from date stones or dried dates 
raixofl wuth a small proportion of coffee. 

“ French Coffee ” is a description sometimes 
applied to a mixture of coffee with burnt sugar 
and a large proportion of chicory. As these 
ingredients readily absorb moisture on exposure 
to the air this mixture is usually preserved in 
tins. 

F. G. II. T. 

COFFEE BEAN OIL and WAX. 

Apart from a w^ixy coating on the outer surface 
of the bean, coffee beans contain from 5-12% 
of a fatty oil ; the w ax-free oil has an iodine 
value of about 100, a hydroxyl value about 23, 
and saponification value about 195, and contains 
about 12*6% of unsaponifiable matter (Schuette, 
('owk'y and Chang, J. Amer. Chem. 8o(;. 1934, 
56, 2085; cf. Meyer and Eckert, Monatsh. 1910, 
31, 1227). The fatty acids consist chiefly of 
palmitic, linolic, and oleic acids, with smaller 
amountH of myristic, Ktearic, and arachidic acids ; 
higher fatty acids (tetracosoic acid, the “ car- 
naubic ” a('id of some writers) are present in the 
w ax from the outside of the bean and arc, there¬ 
fore. ffjimd when the total ether-extract of the 
(‘iitire bean (saponification value 150-195, iodine 
value 80-100) is examined (r/. von Noel, 
Pharm. Zentr. 1929, 70, 69; Heidusclika and 
Kuhn, J. pr. Chem. 1934, [ii], 139, 269; Bengis 
and Anderson, d. Biol. Ckem. 1934, 105, 139; 
Bauer and Ncu, Fotte u. »Seifen, 1938, 45, 229). 
A phytosterol, iti.p. 138-139"’, and a substance, 
^ 19 ^ 26^3 (ni.p. 143-143-5"U.), termed 
“ kahweol ” (from the Arabic “ qaliweh,” 
meaning coffi^e) have been separated from the 
unsaponifiable matter (Bengis and Anderson, J. 
Biol. Chem. 1932, 97, 99 ; llillingham and 
Thompson, Univ. Eawaii, Oeeas. Papers, 1934, 
No. 19; Jiauer and Neu, l.c.). The oil is also 
stated to possess antirachilie aetivity (cf. von 
Noel and Damimcyer, Strahlentherap. 1929, 32, 
769), which, like the characteristics of the oil, 
is not affected by the roasting of the coffee 
prior to extraction of the oil. Coffee oil does 
not appear to possess much technical interest at 
present, althougli a certain amount of the crude 
fat (including the wax) can be recovered as 
a by-product from the extracts obtained in the 
deeaff'eising of coffee by the solvent process; 
the reciovery of the oil from coffee scheduled 
for destruction in Brazil has also been proposed. 
It is stated that during the War of 1914—1918 
used coffee grounds were collected in Austria 
for the sake of the 12% of oil which was 
extracted therefrom (for soap-making ?) (cf. 
Eahrion, Z. angew^ Chem. 1917, 30, 125; Munk, 
Allgem. Oel- u. Fett-Ztg. 1932, 29, 13), a 
practice wKieh has recently been revived in 
Germany. 

E. L. 

COGNAC V . Brandy. 

“ COGWHEEL ORE ” r. Bournonite. 

CO H E N IT E V . Oementite. 

COHUNE NUT. The fruit of the cohun© 
palm (Attalea Cohune Mart.), grown largely in 
Honduras. The nut is very similar in structure 
to the coconut, but is smaller, its nrimarv use 
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is for the production of oil utilised largely 
for soap-boiling. The flesh of the nuts contains 
4*5% of water, 65-71% of oil, and approximately 
20% of protein. The principal protein is a 
globulin which may be extracted with brine 
and precipitated by addition of ammonium 
sulphate. Jones and GersdorjBP give the nitrogen 
distribution of the globulin as : 


Amide-N .... 

% 

7*5 

Humin-N .... 

0*9 

Cystine-N .... 

0*5 

Arginine - N. . . . 

30-8 

Histidine-N ... 

2*6 

Lysine-N .... 

7*9 

Amino-N of filtrate 

47*9 

Non-amino- N of filtrate 

2*3 


Tryptophan (0*65%) has also been detected 
(J. Biol. Chem. 1920, 45, 67; 1924, 62, 183). 

A. G. Po. 

COHUNE NUT OIL ?». Coconut Oil 
Gkoup. (this vol. p. 243d.) 

COIR (or coconut fibre) is derived from the 
fibrous husk (meaocarp) of the fruit of the 
coconut palm (Cocos nucifera Linn.). This 
palm is distributed throughout the coastal 
regions of the tropics. It is cultivated exten¬ 
sively in India, Ceylon and Malaya, and is 
largely growm in the Philij)pine Islands and in 
South American (‘ountries. Some varieties of 
the palm are said to yield fibre of a finer quality 
than others ; the quality is also influenced by 
the situation of the plantation, the fibre yielded 
by palms growing near the sea being finer than 
that from inland trees. 

The fibrous material in its raw state consists ! 
of a mass of fibre strands of varying length 
associated with corky and other nou-fibrous 
tissue. The best fibre is obtained from fruits 
that are gathered before they are quite ripe ; 
as the nuts ripen the fibre becomes coarser and a 
longer period of steeping or retting is necessary, 
with the result that the coir acquires a dark 
colour. 

In the preparation of coir by the native 
methods the husks are detached by striking 
the fruits on sharp spikes fixed firmly in the 
ground. The husks are immersed in pits 
containing brackish water, or in cages or wicker¬ 
work enclosures in backwaters, and left for 
several months. On modern estates the removal 
of the husks is effected by machinery, and the 
steeping is carried out in steam-heated tanks. 
When sufficiently softened, the husks are 
withdrawn from the water and are then beaten 
by hand with wooden mallets or passed through a 
crushing machine in order to free the fibres from 
the corky tissue. After leaving the crushing 
machine, the husk is passed into the extractor 
or breaking-down machine, in which it is com¬ 
pletely disintegrated. The product is then 
dried and treated by a “ willowing ” machine 
to remove dust and other debris. The fibre 
is usually sorted by a combing or hackling 
process into grades of different lengths and 
qualities. The coarser and stiffer or “ brush ” 
fibre is used as bristles for brush-making, 
whilst the longer and finer “ mat ” or spinning 
fibre is employed for the manufacture of matting 


or cordage. The short fibre or tow is used in the 
form of curled fi bre as a substitute for horse-hair 
as a stuffing material in upholstery, and the dust 
and refuse as a manure and for other gardening 
purposes. 

Coir is composed of strong, elastic, reddish- 
brown filaments which are harsh to the touch 
and rather brittle. These filaments are thick 
in the middle and gradually taper towards the 
ends, the diameter in the widest part varying 
from 0-05 to 0-3 mm. ; they are from 15 to 
32 cm. long, and either round or elliptical in 
cross-section. The fibre is very resistant to the 
action of water and is so light as to float on it, 
and it is therefore of special service for the 
manufacture of ships’ ropes. 

The filaments are composed of fibro-vascular 
tissue consisting chiefly of very short, irregularly 
thickened fibres of uneven diameter; these 
ultimate fibres are about 0*4-1-0 mm. long and 
12-20 fi in diameter. 

The fibre substance consists of a highly lignified 
form of cellulose. On microchemical treatment 
with iodine and sulphuric acid, it gives a 
golden yellow colour, and with aniline sulphate 
an intense yellow colour ; it is not attacked 
by Schweitzer’s reagent. 

E G 

COKE MANUFACTURE AND THE 
RECOVERY OF BY-PRODUCTS. 

Introduction. —Previous to the early 
nineties, practically the whole of British metal¬ 
lurgical coke was made in the old beehive oven, 
which, as will be seen from what follows, is a 
semi-combustion process, involving the loss of 
the w'hole of the gas and by-products, together 
with a portion of the possible coke yield. With 
the gradual disappearance of the old prejudices 
against coke made in by-product ovens, the 
latter and much more economical proc^ess began 
to assort itself, and in 1898, 1*25 million tons of 
coal were being carbonised in by-product coke 
ovens ; in 1905 the quantity of coal so treated 
reached 3*31 million and in 1935 about 
17 million tons. Meanwhile, the number of 
beehive ovens in operation had decreased from 
16,037 in 1910 to 592 in 1935. According to 
figures published by the Coal Conservation 
Committee at the end of 1917, some 8,700 by¬ 
product ovens were in operation in Great 
Britain (of which 8,000 were fitted with benzol 
recovery arrangements) with a total carbonising 
capacity of 17*5 million tons of coal per annum. 
In 1917, 166,354 tons of ammonium sulphate 
were produced in British coke-oven plants. The 
practice of by-product recovery had become 
universal in Germany years ago ; whilst in the 
United States the by-product plants, either 
building or in operation at the end of 1917, 
were capable of producing 24 million tons of 
coke per annum. In view of this rapid adoption 
of the by-product coking process in all these 
countries, the following article will be confined 
to a description of modern coking methods 
viewed chiefly from a by-product standpoint, 
with only a passing reference to the wasteful 
beehive process. 

History of the By-Produot Coking Pro¬ 
cess. —The earliest reference which we can find 
of any observation being made on coal as a 
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source of by-products is that contained in the 
memoirs of Johann Joachim Becher, dating 
about the end of the seventeenth century ; 
Becher states that he has found means for 
treating coal “ so that it no longer smoakes nor 
stinks,” and in doing so made a tar equal to the 
Swedish. 

The use of coke in iron smelting became 
general within 50 years of Bceher’s discovery, 
and a French metallurgist, De GensanTio, de¬ 
scribes a process working at iSulzbach near 
Saarbrucken prior to 1768, where coal was 
coked for iron smelting, tar being recovered as a 
by-product ; Stahl is said to have been the 
inventor of this process, and he produced there¬ 
from an “ oil,” bitumen, sal-ammoniac, and 
lamp-black. 

In 1781 Archibald, Earl of Dundonald, was 
granted a patent for “ allowing coals to burn or 
ignite without flaming, so by their own heat to 
throw off the tar or oils that they contain.” 
Dundonald stated that the only method whereby 
tars could bo obtained prior to his discovery 
\vas by a distillation in closed retorts, where 
the admission of external air was prevented 
and where other eoals were required for heating 
besides the coal contained in the closed vessel. 
Jt is interesting to note that Dundonald was 
w'cll aware of distillation in closed retorts, 
w-hich is the basis of modern by-product 
coking methods, and it is also evident that 
his knowdedge of closed retorts was 16 years 
previous to the introduction of coal gas for 
street and household illumination in 1797. 

In 1838 Frederick Neville obtained protection 
for an invention which consisted in heating 
ordinary gas retorts by the w^aste heat from 
beehive coke ovens, the distilled gases from the 
retorts being passed through condensing and 
scrubbing appliances. William New ton, in 1852, 
introduced the use of an aspirator or pump for 
withdrawing the gases from coke ovens through 
condensers and scrubbers. Newton likewise 
mentions the use of acids for removing the 
ammonia from the gases. In 1860 W. H. 
Kingston patented a coke oven provided with 
external furnace, from which the heat evolved 
by the combustion of an auxiliary supply of 
coal was conducted round the oven through a 
system of flues ; the evolved gases were passed 
through a series of pipes and condensing vessels 
for the recovery of the by-products. Kingston’s 
patent is especially noteworthy, since he recog¬ 
nises that the true method for the recovery of 
by-products from coal lies in heating the coal in 
closed chambers, and not in chambers to which 
air is admitted. 

With regard to Continental practice, in 1850 
Pauwels and Dubouchet, and in 1862, Pemelot, 
introduced systems of carbonising coking 
coals in long rectangular chambers, heated 
from below by the regulated combustion of 
part of the gas in flues specially constructed 
under the floor, for the purposes of manu¬ 
facturing metallurgical coke and removing tars, 
oils and ammonia. The Pemelot system was 
tried in the north of England in 1870, but the 
coke produced was too soft for metallurgical 
purposes. 

In 1866 Knab erected a coal-distillation 


plant at Commentry, on the closed-retort 
system with bottom flues, but made no attempt 
to recover by-products. Later Knab was joined 
by Carvt'‘8, who (1866-1873) introduced 
improved methods of heating by side flues in 
addition to the bottom flues, thus obtaining a 
more even distribution of temperature and a 
quicker rate of carbonisation. Carvfes likewise 
utilised the gases (from which the by-products 
had been extracted) in the side-wall flues, in 
addition to the auxiliary coal as employed by 
Knab. The Knab-Carves ovens at Commentry 
gave the following results : 


Large coke .... 

% 

. . 7000 

Breeze. 

1-60 

Dust. 

. . 2*60 

Graphite. 

. . 0-50 

Tar. 

. . 4*00 

Ammoniacal liquor 

. . 900 

Gas. 

. . 10-58 

Loss. 

. . 1-92 


100-00 


Further plant on the Carves system w'ere 
erected at Besst'gcs and Terre-Noire, near St. 
Etienne, between the years 1866 and 1873, and 
W'ere still further improved; the Carv6s ovens 
working at Bess^ges in 1880 were built with 
carbonising chambers only 24 in. wide, to 
facilitate rapid heat penetration and quick 
carbonisation. In 1881 H. Simon of Man¬ 
chester introduced a recu})erator, whereby the 
air necessary for the combustion of the gas 
in the side-wall flues of the Carves oven was 
preheated by the w^aste gases escaping from the 
flues, and thus the rate of carbonisation was 
still further increased, the combined work of 
the two investigators resulting in the w^ell- 
knowm Simon-Carv^s oven, which may be held 
to be the precursor of the modern by-product 
coking retort. 

Following on the success of the Simon- 
Carv^s process, other coke-oven patents were 
filed, viz. Semet-Solvay, 1880 ; Hiissoner, 1881 ; 
Lurmann, 1882 ; Otto and Brunek, 1883 ; but 
although development was rapid on the Con¬ 
tinent, little was done in this country before 
the nineties, owing to the prejudice of iron 
smelters against by-product coke ; that this 
prejudice has now" disappeared will be seen from 
the rapid adoption of the process, indicated by 
the figures at the beginning of this article. The 
by-product coking plant which have generally 
found acceptance in this country are the Otto- 
Hilgenstock, Simon-Carves, Koppers, Semet- 
Solvay, Simplex, Copp6e, and Hiissener, 

Non-By-Product and By-Product Ovens 
C oMi’ARED. —Prior to the establishment of the 
by-product coking process, the type of oven 
universally employed was that known as the 
beehive. This oven (Fig. 1) consists of a fireclay 
chamber, beehive shape in elevation and circular 
in plan, provided with a loose brick charging door 
at ground level, and with an exit flue in its crown 
for carrying the waste gases to the chimney. 
The coal is charged into the oven by spades, 
through the charging door, to a height ojf 
2 ft. 6 in. to 3 ft., is then ignited, and the 
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charging door bricked up and plastered, a small 
hole 6 in. square being left for the admission 
of air. The upper layer of the coal burns and 
sets up distillation of the under layers, the 
evolved gases passing upwards and burning 
in the dome of the oven, with the air drawn in 
at the door. The dome is thus soon heated 
up to a high temperature, and by radiation 
powerfully assists in carbonising the charge of 
coal below. This operation of distillation and 
immediate combustion proceeds until the whole 
of the volatile constituents of the coal have 
been evolved, which for a 10-ton charge occupies 
70 hours. The coke is then quenched with 
water and withdrawn by rakes. 

It will be seen that by this process, the whole 
of the volatile products, that is to say, volatile 
hydrocarbons and ammonia together with the 
permanent gases, are burned immediately 
they arc evolved within the coking chambers 
itself ; further that it is not possible so to 
regulate the combustion of these gases with¬ 
out burning a portion of the (^okc in addition; 
in actual practice, from in to 20% of the coke 
is burned to waste. For the reason, too, that 
the coke is quenched inside the oven, the 
temperature of the latter is lowered, so that 
before the next charge can be cok(*d, considerable 
expenditure of heat is necessary to raise the ovcti 
to coking temperature. The removal of the 
coke by hand-rakes is also tedious and expensive. 

With the object of overcoming the main 
drawbacks of the beehive oven, Coppee intro¬ 
duced a non-by-product retort of rectangular 
form, from which the coke could be discharged 
en bloc by a ramming machine and quenched 
outside the oven, thus expediting the operation 
and greatly increasing the yield. In Coppee’s 
oven (Fig. 2) the gases evolved from the coal 
are drawn into flues in the side walls where 
they are burned, and in this way com¬ 
bustion within the coking chamber and loss 
of coke, as occur in the beehive oven, is 
avoided. 

The by-product retort (Fig. 3) is built on the 
same lines as the Coppee, that is to say, it is 
a rectangular chamber heated by flues in the 
side walls, and the coke is discharged by a 
ramming machine; the essential point of 
difference lies in the fact that in the Coppee 
the whole of the gases containing the by-products 
are drawn immediately they are evolved into 
the side-wall heating flues, where they are 
burned ; in the by-product retort, the gases 
and products are drawn from the oven through 
cooling and washing plant for the recovery of 
the tars, ammonia, and benzol, and the perma¬ 
nent gas only is burned in the flues after the 
said products have been extracted. In the 
Copp6e, the whole of the permanent gas is 
burned in the heating flues ; in the by-product 
oven, only one-half to two-thirds of the gas is 
utilised in the flues, the remainder being avail¬ 
able for heating or power purposes. 

The diagrams (Figs. 1, 2, and 3) clearly 
illustrate the essential differences in the three 
types of oven discussed above. 

It will be seen, therefore, that in addition to 
obtaining the theoretical coke yield, and a large 
output, the by-product retort yields valuable 





Fig. 2.—Coppee. Fig. 3.—By-pboduct 

Retort. 

by-products and a considerable yield of power 
or heating gas. The average yields (calculated 
upon 100 parts of dry coal) of coke and by-pro¬ 
ducts obtainable from British coking coals of 
different origin by the most up-to-date methods, 
are approximately as hdlows : 


Anhyd. Crude Ammonium 


Origin. 

Coke. 

tar. 

benzol. 

sulphate. 

Durham . 

750 

3-85 

0-93 

M6 

South Yorkshire 7()-0 

3-62 

1-37 

L35 

Lancashire 

700 

3-50 

1-20 

1-25 

South Wales . 

80-0 

2-62 

0-60 

0-95 

Scotland . 

680 

3-25 

0-70 

1-00 

Coke Oven 

Design 

AND 

Construction.— 


A modem by-product coke oven is a rectangular 
chamber from 40 to 45 ft. long, 12 to 20 ft. high, 
and from 14 to 20 ins. wide. It is closed 
at each end by a cast iron or steel door with 
firebrick lining, which is lifted by a small 
crane whenever the contents of the oven 
are to be discharged. There are three or four 
holes in the roof through which the coal is 
charged into the oven from an electrically- 
driven charging lorry which runs on rails along 
the battery of ovens. At one or both ends of 
the oven there is an iron “ ascension pipe,** 
through which the gas and volatile matter 
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expelled from the coal during the carbonising 
period are led into the “ hydraulic main 
running along the whole battery of ovens, much 
as in gas-works practice. 

The ovens and heating flues are usually 
constructed of silica brick, consisting of silica 
92 to 96%, alumina 2 to 3%. lime 1-3 to 2*6% ; 
such bricks are more stable at high temperatures 
and have a higher heat conductivity than the 
more aluminous bricks formerly employed; 
consequently, higher flue temperatures can be 
carried, as a result of whi(‘h the speed of coking 
is increased while the heat economy of the 
system is improved, leading to a decrease in the 
quantity of gas reejuired to heat the ovens. 

The charge of such an oven is from 15 to 25 
tons, and the coking time from 12 to 22 hours, 
equivalent to a throughput of from 25 to 30 
tons of coal per day. 

('oke ovens are built in batteries of from 25 to 
160 units ; they are heated by gas which is 
burnt in flues between the ovens so that the 
charge is carbonised by being heated from 
either side. The design of the heating flues 
varies much, hut practically all modern coke 
ovens have vertical heating flues, the underlying 
I)rincijfle8 being to economise as far as possible 
the amount of gas reqiiircd to efi'cct the car¬ 
bonisation, and to enable the greatest possible 
area of ovtui wall to be uniformly heated. U^he 
gas used for heating may be either part of the 
coke-oven gas after it has been passed through 
the by-product plant for recovery of tar, 
ammonia, benzol, etc., or provision may be 
made for heating the ovens by low-grade fuels 
such as producer or blast-fui'iiace gas. In any 
case, however, the air I'cquired for combustion 
is pre-heated before it enters the combustion 
flues at the expense of ])art of the sensible 
heat in the burnt gases passing from the ovens. 
Wdiere producer or blast-furnace gas is us(h1 
for heating, such gas is also pre-heated in the 
same way as the air. 

Generally, top charging is practised, cleaned 
slack coal being simply run in through the 
charging holes in the roof of the oven, the 
charge afterwards being levelled by means of a 
small ram above the main ram which is intro¬ 
duced through a hole near the top of one of the 
end doors of the oven. Where weakly caking 
coals arc carbonised, the charge is sometimes 
“ stamped ” before being introduced into the 
oven. In such cases, the crushed coal is com¬ 
pressed by a mechanical stamping machine in a 
wrought steel box slightly less in size than the 
oven chamber, and pushed en bloc into the oven 
as a solid cartridge through the front doorway 
on the movable bottom of the box which forms 
the charging peel. At the end of the carbonising 
period the coke is discharged from the ovens 
by an electrically driven ram and either quenched 
by water as it emerges from the ovens or else 
at a remote quenching station such as will be 
described later. A good deal of attention 
has, of recent years, been devoted to dry-cooling 
of coke with a view to improving its quality 
and at the same time recovering part of the 
sensible heat, but wet cooling is still the general 
practice. 

As an example of modern coke-oven con¬ 


struction, a short dea(;ription of the Becker oven 
is given. 

The Becker Coke Oven .—This oven, which is 
illustrated in Figs. 4 and 5, is of the vertical 
flue type and the heating system is arranged so 
that cither lean (blast-furnace or producer) 
gas or rich (coke-oven) gas may be used. Each 
oven has a series of vertical flues on either side, 
under each of which two regenerators are 
built. 

When empk)ying blast-furnace or producer 
gas for heating, air passes up one of the two 
regenerators and gas up the other. Both the 
air and the gas enter their respective regenerators 
from both sides of the oven at the same time ; 
on leaving the top of the regenerators they enter 
the bottom of the heating ilues so that the air 
and gas come together with streamline effect 
and the combustion zone is evenly distributed 
throughout the length of the vertical flues. 
The products of combustion are c;ollected 
from the top of each four or live vertical flues 
and carried over the top of the oven by means of 
cross-over flues (Fig. 4), of which there are six 
to ea{‘h alte^rnate oven, the intciMuediate ones 
not requiring any, as may be seen from the 
diapam. 

From these flues the waste gases are dis¬ 
tributed to an equal number of vertical flues on 
the other side of the oven exactly oiqxjsite the 
flues up which th(‘y have travelled. They then 
pass down these flues and into the regenerators 
immediately below, through which they pass to 
the W’aste gas flues, giving up /i portion of 
their sensible? heat to the chetpier work in 
transit. 

At the end of a pre-delermined period (from 
20 to 30 minutes) the direction of flow of gas 
and air is automatically reversed, so that the 
regenerators wdiic-h have been heated by the 
waste gases are used to heat the air and fuel 
gas, while the relatively cool regenerators are 
heated up. The regenerators are so arranged 
that those in which gas is being heated are 
never adjacent to those in which waste gas is 
flowing, and leakage of fuel into w^aste gas is 
therefore impossible. 

When rich gas is employed as the heating 
medium, air passes u]) all tlie regenerators and 
cold coke-oven gas is delivered through a 
horizontal gas conduit carried in the brit^kwork 
between the top of the regenerators and the 
bottom of the heating flues. From these eon- 
I duits the gas passes by means of a calibrated 
nozzle and vertical duct into the bottom of 
each vertical flue wdiere it mixes with the pre¬ 
heated air coming from the regenerators. 
The flow of gases from this point is the same 
as when blast-furnace gas is used. 

Quenchimg anu Cooling the Coke.— 

A common system of quenching the coke is to 
spray it with water under pressure while it 
passes through a cage of pipes on emerging 
from the oven. The coke then falls on to an 
inclined coke wharf where it “ steams off’ ” and 
cools and w'here any hot spots are quenched by 
water from a hose. 

Where dry cooling is practised, the red hot 
coke is delivered into a firebrick chamber 
through which inert gases (derived from the air 
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introduced with the coke) are circulated in (serving also as a chimney to carry away the 
closed circuit through the coke and over the large volume of steam produced), where a pre¬ 
tubes of a boiler, by which means it is claimed determined quantity of cold water (generally 
that some 1,000 lb. of steam (from and at 212°F.) about 3 tons per ton of coke) is sprayed under 
may be raised per ton of coke. pressure on the coke. The surplus water is 

The practice of remote quenching is now' allowed to drain away into a settling pond, 
coming into favour ; in this process, the coke is while the coke, after draining, is allowed to slide 
discharged into a ear wdiich is slowly moved from the car on to the vvliarf where it steams off 
across the end of the oven, thus spreading and cools finally ; by this process uniformity 
the coke out as a thin layer. The car is rapidly of moisture content is secured, the final moisture 
pushed to the quenching station, usually a tower being maintained as low as 2%. 



{By cmirteay of Messrs. WoodalUDuckhamy lAd. 
Fig. 4. —The Becker Coke Oven. Showing the Cross-Over Flue. 


Recovery of By-Products. —Three general water. In this process all the ammonia is 
systems are in operation, the Indirect, the Direct, obtained in the form of an aqueous solution 
and the Semi-Direct. The first of these is which must be further treated in order to 
similar to that employed in gasworks: tar and produce ammonium salts. 

ammonia liquor are condensed, while the last In coke-oven practice, direct and semi-direct 
traces of tar are scrubbed from the gas in a recovery systems are more frequently employed; 
tar extractor, after which the residue of the they differ from the indirect process in that 
ammonia is removed by washing the gas with the ammonia is either directly recovered as 







CROSS-OVER FLUES OVER ALTERNATE OVENS 



Fig. 5.—The Becker Coke Oven. Showing the Method of 
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ammonium sulphate without 
the condensation of liquor, 
or part of the ammonia is 
directly recovered as sul¬ 
phate and part as an 
aqueoiifl solution which must 
be (jistilied for recovery of 
the ammonia. 

2^he Otto Direct Jiecovery 
ProrThis process, which 
is represeut(‘d diagram- 
mat ically in Figs. 6 and 7, 
consists in extracting all the 
tar from the hot gas above 
its dew-point, and then 
forcing the tar-free gas, with¬ 
out any re-heating, through 
a saturator in the main 
circuit containing dilute sul¬ 
phuric a(*id, under conditions 
such that the natural heat 
in the gas, aided by the ex¬ 
othermic interaction of tlie 
ammojiia and sulphuric acid, 
keeps tht^ volume of the ab¬ 
sorbing licjuor constant and 
the separation of ammonium 
sulphate proceeds continu¬ 
ously. 

Such a method of “ direct 
recovery ” entirely dispenses 
with the use of water coolers, 
ammonia scrubbers, lime mixers, ammoniacal 
liquor stills, and waste liquor tanks, reduces the 
loss of ammonia to a minimum, economises 
space and labour, and avoids the making of 
deleterious elUuenta which were formerly a 
serious source of trouble. 

The crude gas leavt'is the ovens by means of 
the usual ascension |)ipes and enters the hydraulic 
main through which tar is continuously cir¬ 
culated, in order to remove any heavy tars or 
pitchy matter deposited therein. From this 
point the gas travels through a long horizontal 
overhead “ air cooler,” the real function of which 
is to cool the hot gas to a temperature just a 
little above its dew-point, wdiich varies according 
to the amount of moisture which the gas carries 
over from the ovens. The amount of cooling 
necessary therefore depends somewhat upon 
the nature of the coal, but chiefly upon its 
moisture content when charged into the 
ovens. 

Recovery of Tar and Ammonium Cldoride .— 

After leaving the air cooler, the gas passes on to 
the “ tar extractor,” B. It is here met by a 
large volume of hot tar and liquor which is 
pumped into the aj)paratus and forced “ injector- 
wise ” through a narrow nozzle under high 
pressure, in sucli a manner that it is broken up 
into a fine spray. The crude gas is drawn 
into the apparatus by this “ injector ” action, 
and the sprayed tar and liquor dash against the 
small tar vesicles contained in the gas. This 
mechanical spraying of the gas, together with 
the solvent action of the washing medium, 
results in the complete removal of tar, including 
tar fog, from the gas, which passes out of the 
extractor in a perfectly clean condition. Also, 
it should be noted that if a “ salty ” coal is 



being carbonised, so that the crude gas contains 
ammonium chloride, the latter may be removed 
at the tar sprays as a fairly strong aqueous 
solution. Indeed, “ fixed ammonia ” generally 
may be removed at this point provided the 
temperature conditions are such as will allow 
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of the condensation of a small amount of liquor 
in the apparatus. From this the importance of 
a perfect control of the temperature of the gas, 
both in entering and leaving the apparatus, will 
be understood. The tar extracted from the 
gas overt!owH into the tar deposit tank, C, 
which also serves to recover any tars which 
separate in the long “ air cooler,” A, already 
referred to. 

Jiecovery of Ammonia .—The tar*freo gas, 
which still contains the free ammonia, benzol, 
and nearly the whole of the naj)hthalenc and 
water vaj)our, passes onward, at a temperature 
(say between 65° and 75°C.) so regulated 
as to be near to (but not below) its d«uv-point, 
into the largo enclosed “ saturator,” D, contain¬ 
ing a hot saturated solution of ammonium 
sulphate plu/i an excess of sulphuric acid. In 
this apparatus, whifOi is lead-lined and cased 
in a cast-iron framework, the gas is divided 
intf) a very large number of small streams, and, 
under the suction of an exhauster, K, a})plied at 
a ])nint i'urther along the system, it is drawn 
through the seal of the acid liquor, wduTcby all 
the ammonia is removed, and precipitated as 
sulphate in the coned bottom of the saturator. 
"Idle exothermic reaction serves to keep the 
kunperature of the gas above the dew-point, 
so that no condensation of steam occurs in the 
saturator. The salt is mechanically and con¬ 
tinuously ejected from the apparatus by means 
of conqiressed air, together with a c(*rtain 
amount of solution, into the cone-shaped 
retauvcT, E. The anummium sulphate crystals 
s(dUe to the bottom of this nnieiver, while the 
hot mother licpior overflows from the top and 
finds its way back into the saturator. When 
this cone-shaped receiver is full of the crystal¬ 
lised sulphate it is passed into a centrifugal 
dryer, F. 

in this machine the sulphate is made 
thoroughly dry in about three minutes, the 
mother li(pior thus extracted mixing with the 
above-mentioned mother liquor and with it 
flows back into the saturator, while the dried 
sulphate of ammonia is dropped through the 
bottom of the centrifugal machine, sufllciently 
dry to be immediately bagged and shipped 
or put into stock, as shown at G in the 
diagram. 

Becovery of Naphthalene .—The gas from the 
saturator, whic-h is now free from both ammonia 
and tar, but still contains the benzol, moisture, 
and naphthalene, passes through a lead-lined 
catch pot (seen as an enlargement in the gas 
main, whose function is to prevent any acid 
spray being carried over from the saturator) 
and on to the naphthalene extractor and spray 
cooling tower, H. This tower is quite devoid of 
any filling, but at the top there are several jets 
through which cold water is sprayed at high 
pressure. The action of this mass of finely- 
divided cold w^ater beating suddenly on to the 
hot gas produces a rapid chill, which, together, 
with the concussion brought about by the 
water, precipitates and washes out practically I 
all the naphthalene, which flows aw'ay along 
with the water into a catch tank below. The 
naphthalene is filtered off while the water can be 
either allowed to flow away or re-cooled and used 



over again continuously, as circumstances 
permit. This tower also serves to cool the 
gases. It is necessary to extract the 
naphthalene, otherwise it would pass on to the 
benzol scrubbers, where it would be dissolved 


Fig. 7.—Otto Direct Recovery Process. 
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by the wash oil, which would very soon become reservoir for the circulating benzol wash oil, 
saturated with naphthalene and rendered useless and the remaining portion being filled with 
for the purpose of collecting benzol. The wooden grids. Benzol wash oil is constantly 
naphthalene thus extracted is of a pale yellow circulated downward over these grids, the gas 
colour, and is readily sold at a price which having to pass upward through them. By this 
more than pays the cost of running this part of moans the gas is brought into very intimate 
the plant. contact with the oil, with the resulting absorp- 

Recovery of Benzols ,—The gas now being cool, tion of the benzol. After leaving these scrubbers 
but still containing the benzol, passes through the gas passes either wholly back to the ovens, 
the exhauster, K, and a second water cooler, L, or in the case of regenerative ovens, about 
which takes out the last traces of naphthalene, one-half of it returns to the ovens, and the 
and thence to the benzol scrubbers, MM, which other half is used either for firing boilers, 
vary in number according to the size of the town lighting, operating gas engines, or other 
plant. These 8crubl>er8 are from about 60 ft. purpose. 

to 70 ft. high, the lower portion forming a According to E. Bury (Trans. Inst. Min. Eng. 





Fig. 8.—The Koppees Semi-Direct Recovery Process. 


1911, p. 637), the following temperatures were 
observed in a plant at New Brancepeth Colliery 
(Co. Durham): 


Hydraulic main . 

®C. 

. 225 

Before tar extraction 

. 86 

After tar extraction . 

. 58 

Jn saturator . 

. 67 

After saturator . 

. 58 

After exhauster . 

. 66 


Distillation and Rectification of Benzols .—The 
“ wash oil ” containing the benzols in solution 
is sent to the continuous crude benzol still, 
N (Fig. 7), where, after being pre-heated by the 
}iot vapours coming away from the still, it 


passes downward over a series of trays. Dry 
steam at about 100 lb. pressure, reduced, 
how'cver, at the still to 10 lb. pressure, is 
delivered into the bottom of the apparatus, and 
passing upwards bubbles through the wash oil, 
liberating the benzol hydrocarbons which it 
carries over into the condenser, P. Here the 
steam and benzols are condensed, and the 
condensed water and oil separated. The crude 
benzol then either passes into a storage tank, or 
(if its rectification is to be carried out) into the 
‘‘ primary rectifying still,” S. The debenzolised 
“ wash oil ” leaving the crude benzol still is 
passed through the refrigerator, R, whence, 
after being cooled to the atmospheric tempera¬ 
ture, it is sent into the “ o|l storage tank,” T, 
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and from there it is used again in the benzol 
scrubbers. 

The crude benzol is first of all fractionally 
distilled in the primary rectifying still, S, 3,000 
to 5,000 gallons capacity and intermittent 
in its working, in which it is heated under 
reduced pressure by means of steam coils, and, 
with the aid of a long dephlegmating column, 
it is separated into : 

(1) Crude 90% Benzol. 

(2) Crude 90% Toluol. 

(3) Crude 90% Xylol. 

(4) Crude 90% Solvent Naphtha. 

Each of these fractions is separately condensed 
and pumped into a large vessel, V, termed the 
agitator, where it is successively treated with 
(a) pure strong sulphuric acid, and {b) a solution 
of caustic soda., in order to remove all resinous, 
basic, or acidic substances. Each of the 


“ washed ” fractions is finally refractionated 
under reduced pressure in the “ secondary 
rectifying still,” W, and the re-distilled resulting 
fractions, after condensation, are sent forward 
into their respective storage tanks, XYZ, ready 
for transport. 

Other firms (e.g., the Simon-Carves, the Collin, 
and the Simplex Companies) have also adopted 
efficient “ direct recovery ” processes, on much 
the same lines as the Otto process just described, 
the chief difference between them being in the 
precise mechanical arrangement for the removal 
of tar and tar fog from the hot gas before it 
enters the saturator where the ammonia is 
absorbed. 

The Koppers' Semi-Direct Recovery Process .— 
In this pro(!e8s (illustrated in Fig. 8), the 
hot gases from the ovens are first cooled approxi¬ 
mately to air-temperature in the primary coolers, 
A, where the tar and water vapours are con- 



Fig. 9.—Diagram of Plant for the Refining of Benzol by Means of Silica Gel. 


densed. The gases are then drawn by the 
exhauster, C, through the tar-extractor, B, 
where the last traces of tar fog are mechanically 
removed. The tar-free gases are next heated 
to about 50° to 60°C.,in the re-heater D, by means 
of exhaust steam obtained from the engines 
used in the recovery plant, and are then brought 
into contact with sulphuric acid in the saturator, 
F, where the ammonia is removed as ammonium 
sulphate. 

The tar and ammonia liquor which are 
extracted in the primary cooler and tar extractor 
are collected and delivered into the decantation 
tank, G, where separation takes place, the tar 
and liquor being separately run into the storage 
tanks H and J. The liquor is continuously 
pumped into the ammonia still, K, whore the 
free and fixed ammonia are driven off by steam 
and lime. The vapours from the still are 
returned into the gas-stream and pass with it 
into the saturator. 

After leaving the saturator, the gases pass 
through the acid-separator, L, where any acid 
spray carried forward from the saturator is 


removed, and thence are conducted by the main, 
M, to the benzol-recovery plant which operates 
on the same general lines as that already 
described. 

As an alternative to the oil-washing process, 
the recovery and refining of benzol by solid 
adsorbents (silica gel or activated carbon) has 
been developed. For the use of activated 
charcoal for this purpose, see end of article. 
E. C. Williams (Proc. Chera. Eng. Group, 
S.C.I. 1924, 6 , [A], 95-114) discussed the 
principles of the recovery of benzol by silica 
gel and described an experimental plant 
designed by the Silica Gel Corporation. This 
process does not yet appear to bo operating on 
the large scale, the main difficulty being the 
serious wastage of the gel; silica gel, however, 
is employed in the refining of benzol, and this 
process is dealt with below. 

Benzol Refining by Silica Gel .—The silica gel 
process for benzol refining is primarily catalytic, 
polymerisation of the gum-forming impurities 
being initiated by acid treatment, the gums are 
then deposited on the surface of silica gel, where 
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they act as catalysts to polymerise the remain¬ 
ing iinsaturated hydrocarbons. The crude 
benzol is pumped through a tubular steam heater 
(the “ acidulation heater ” in Fig. 9, p. 267) to 
raise its temperature to about 40°C. Thence it 
flows through two Venturi meters ; while passing 
the first, 0 - 1 % of concentrated sulphuric acid is 
added to dry the benzol, and at the second 
meter, 0-2% to initiate polymerisation. After 
passing through two settling tanks where a 
small amount of sludge is drawn off, the acidu¬ 
lated benzol passes through a coke filter, and is 
then pumped via a lieat exchanger, where it is 
heated by hot benzol from the silica gel perco¬ 
lator, and is aftcrwar<ls filtered while hot 
through the “ hot coke filter.” After being 
heated to about 150^’C. (under pressure sufficient 
to maintain it in liquid phase), the benzol passes 
upwards through tlie conical silica gel j^ereo- 
lator where polymerisation and removal of 
gumming constituents are completed, it passes 
through the heat exchanger counter-current to 
the benzol from the circulating pump, through 
a cooler, and flow meter, and finally, after treat¬ 
ment with caustic soda to remove acidity, to 
storage. After the silica gel percolator has 
been used to treat 1,500 times its own weight 
of benzol, it is removed for re-activation, 
and replaced by a freshly re-activated 
charge. 

In dealing with the subject of by-product 
recovery, mention should bo made of the 
fact that the rapid development of the synthetic 
ammonia industry has led to a fall in the 
price of ammonium sulphate which has rendered 
ammonia recovery from coke-oven gas so much 
less profitable than formerly that in some cases 
it has been abandoned. In Table I the pro¬ 
duction of ammonium sulphate and ammonia 
liquor at coke-ovem plants in the United 
Kingdom in 1924 and 1930 are compared. 

The quality of ammonium sulphate now 
marketed is higher than that before the War, 
the salt being neutralised and dried before being 
placed in storage. The specification of the 
British Sulphate of Ammonia Federation de¬ 
mands that the salt should fulfil the following 
requirements: Nitrogen content to bo not less 
than 20-60%; free aciditv (calculated as 
H 2 SO 4 ) not greater than 0-025% ; and moisture 
not over 0-20% (±0-05%). 

Table I. —Pkoductxon of Ammonium Sul¬ 
phate AND Ammonia Liquor at Coke 
Oven Plants in the United Kingdom. 



1924. 

1930. 

Total coal carbonised in by¬ 
product ovens, million 
tons. 

17-23 1 

16-51 

Ammonium sulphate pro¬ 
duced, tons .... 

186,200 

173,100 

Sulphate produced per ton 
of coal, lb. 

24-2 

23-5 

Ammonia liquor produced, 
tons. 

12,700 

5,800 


The Utilisation op Coke-Oven Gas.— 
The similarity in composition of the gas 
obtained from a given coal when carbonised at 
high temperatures either in a coke-oven of the 
type already described or in a vertical gas-retort 
(as illustrated in Table II) is such that the fields 
of utility of coal- and coke-oven gases arc likely 
to be the same. 


Table II.— Compositions of Coke-Oven and 
Vertical-Retort Gases before Benzol 
Recovery. 



('oke-ovcii gas. 
Mixture of S. 
Vorksiiire and 
Derbyshire 
coals car]>on- 
ised in Becker 

Vertical retort 
gas. Mitchell 
Main gu s nuts 
carbonised in 
Glover-West 
vertical retorts. 


ovens. 

Percentage : 



CO. . . . 

2-2 

0-8 

CO ... . 

6-8 

7-4 

CwHy/* 

3-0 

2-2 

CH4 ... 

28-2 

29-05 

... . 

52-6 

52-0 

0 : ... . 

0-8 

0-6 

n; ... . 

C-4 

7-95 

Calorific value 



(B.Th.U.) per cu. 
ft. (gross at 15X1) 
and 760 mm. 

553-4 

554-0 


Dehenzolised Gas .—The amount of benzol 
vapours included among the unsaturated 
hydrocarbons, in the above table would 

be approximately 1 % in each case, and tlie 
effect of removing them would be to reduce the 
calorific value of the gas by from 5 to 10%. 
The average j)ercentage com])osition of the 
“ debenzolised ” gas from tyj)ical Durham and 
South Yorkshire coking coals is somewhat as 
follows : 

Calorific values 
(B.Th.U.) 

g per cii. ft. at 

d’ O X and 

U U U U I Z 700 mill. 

Durham 2-5 6-5 2 0 25 0 55-0 9-5 

S. Yorks. 2-4 5-6 2 0 26-4 54-(i 91 nrt*** 

Aynount of Surplus Gas .—Taking the country 
as a whole, and assuming that the wliolc of the 
17-4 million tons of coal carbonised in 1935 for 
metallurgical coke was dealt with in regenera¬ 
tive ovens, the net calorific value represented by 
the surplus gas (at 5,500 cu. ft. per ton) available 
for outside purposes might have been about 
47,300 therms per hour, day and night, or 
sufficient to generate about 490,000 B.H.P. 
continuously in internal combustion engines. 

The most effective utilisation of such a huge 
surplus of energy is a matter of the highest 
importance to the nation, and there is no 
doubt that a good deal of the coke-oven gas 
available from existing plants is not being used 
to the best advantage. 

Table III, taken from the reports of the 
Secretary of Mines, shows the make of coke- 
oven gas and how it was actually used during 
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tho period 1932 to 1935. In 1935 the average 
gas production was 10,870 cu. ft. per ton of 
coal, of which 59-5% was used for heating the 
ovens, while a further 23-5% was used for other 
purposes by the oven owners, for steam raising 


or on steel works where the ovens and steel 
works were under common management. About 
11% was sold to gas companies and 3*5% to 
other undertakings, leaving a balance of about 
2 ^% unaccounted for. 


Table III.— By-Pkoduct Coke-Oven Gas Prodtjctton and Disposal. 


Year. 

1932. 

1933. 

1934. 

1035. 

f’u. ft. per 
ton of coal, 
1935. 


Million cu. ft. 


Total produced. 

124,230 

137,492 

177,070 

185,558 

10,870 

Used by Oven Owners. 

For heating ovens. 

For other purposes. 

1 89,092 1 

81,269 

31,790 

100,519 

40,146 

110,236 

43,731 

6,460 

2,560 

Sold to 

Gas undertakings. 

Other undertakings. 

15,480 

15,994 

15,941 

6,240 

18,052 

8,276 

20,474 

6,327 

1,200 

370 

Bala,nre . 

3,732 

2,251 

4,078 

4,791 

280 


In normal times by far the greater part of the 
coke manufactured outside gasworks is for 
metallurgical purposes, and ghiefly for iron- 
smelting. In cases where blast furnaces are 
nttaclied to steel-works, tho utmost fuel 
economy may bo achieved by concentrating 
coke ovens, blast furnaces, steel-furnaces, and 
rolling mills as a self-contained plant on one site 
so that combined surpluses of coke-oven and 
blast-furnace gases may be utilised, thus making 
it possible to produce finished steel sections from 
the ore with no more fuel than the coal necessary 
to furnish the coke required in the blast furnace. 
In such cases there is usually no surplus coke- 
oven gas available for outside purposes except 
at week-ends, when tho steel-works and rolling 
mills are shut down. 

Such considerations do not, however, apply 
to independent blast furnace plants producing 
foundry iron {e.g. in the Midlands) or to high- 
grade steel-works (c.g. the Sheffield area) un¬ 
attached to blast furnaces. In such areas the 
coke-oven plants are usually situated at the 
collieries, and large surpluses of gas are avail¬ 
able for outside purposes. Thus it has been 
estimated that in 1928 within the area com¬ 
prising South and West Yorkshire, Lancashire, 
Derbyshire, Cheshire, Notts, Lincolnshire, 
Staffordshire, Leicester and Warwickshire, there 
were available for “ outside ” purposes about 
10,000 million cu. ft. of coke-oven gas of an 
average calorific value 500 B.Th.U. per cu. ft., 
of which about 4,200 million cu. ft. were sold 
to gas undertakings, and another 2,150 million 
cu. ft. to other undertakings. Moreover, with 
new coking plants then contemplated, it was 
considered that tho total available surplus gas 
within the area might soon amount to as much 
as about 22,600 million cu. ft. per annum. 
Such a prospect, being subject to fluctuations 
in the activity of the iron and steel industry, 
is therefore to some extent doubtful, which is 
a serious drawback from the point of view of 


public distribution to undertakings outside iron 
and steel works. 

Considerable developments have recently 
taken place in European countries, and par¬ 
ticularly Germany, in regard to tho pooling and 
distribution over large areas of such surplus 
coke-oven gas ; and the question arises whether 
or not some such schemes would be equally 
practicable in certain areas of Great Britain, 
seeing that nowadayvS there would be no 
technical difficulties to overcome. Thus, for 
example, at the end of 1929 in Germany the 
Ruhr Gas A.-G. (established in 1926) owned 
286 miles of welded steel mains, with a further 
330 miles under construction or contemplated, 
and in 1930 distributed some 21,000 million 
cu. ft. of coke-oven gas ; moreover, in 1929, 
about one-third of tho total gas consumed (i.e. 
from gasw'orks and coke ovens) in Germany was 
derived from tho Ruhr coko ovens. The gas is 
guaranteed free from tar and HgS, the maximum 
permissible content of NHg being fixed at 
0-87 g. and of naphthalene at 4-37 g. per 
100 cu. ft. The price delivered to gas com¬ 
panies is usually based on a sliding scale accord¬ 
ing to the price of coal {e,g. to Hanover at the 
equivalent of 11-fid. per 1,000 cu. ft. up to 
1,765 milhon cu. ft. per annum, and at 10-6d. 
per 1,000 cu. ft. for consumption exceeding 
2,472 million cu. ft. per annum, when the 
price of coking coal is equivalent to 18.9. 9d. per 
ton), but to industrial establishments the price 
is equivalent to lOd. per 1,000 cu. ft. 

In 1930 a Departmental Committee of the 
Board of Trade was appointed to inquire into 
the technical and economic aspects of an area 
gas supply comprising the afore-mentioned 
counties in England, and, after hearing much 
evidence, reported that while circumstances 
would not warrant the construction of elaborate 
and expensive systems of trunk mains over the 
whole area, and are not yet favourable for such 
network either in Lancashire or West York- 
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shire, the iron and steel industry around 
Sheffield and Rotherham offers a good market 
for all the surplus coke-oven gas likely to be 
available in the near future if it could be supplied 
at an average price of 2d. per therm (= 8 ay lOd. 
per 1,000 cu. ft.). Accordingly they recom¬ 
mended the adoption of a scheme for such 
restricted area embodying the following con¬ 
ditions {ivier alia); (i) To collect gas from 
19 coke-oven plants and to take a maximum 
volume of 80 million cu. ft. of gas per day, the 
flow of gas to be uniform throughout the 
24 hours of the day ; (ii) the gas to bo purified 
at the coke ovens before delivery into the net¬ 
work ; (iii) the compressor plants to be in¬ 
stalled at the eokc ovens and their cost and the 
cost of operation to be met by the coke-oven 
owners, such costa being covered by them in their 
price of gas; (iv) the pressures to be used to 
vary from 2-7 lb. to 8-2 lb. per sq. in., when the 
mains are carrying up to 40 million cu. ft. ])cr 
day, and from 4-9 lb. to 22 lb., when they are 
carrying up to 80 million cu. ft. per day; 
(v) the length of the mains to Ik? approximately 
73miles, and to be of steel of medium w^eight 
varying from 6 in. to 30 in. in diameter with 
hessian cloth and with bitumen coating, and 
laid in roads, receiving 3 ft. cover, at an 
estimated capital cost of approximately 
£537,900; (vi) the cost of distribution (ex¬ 
cluding compression) to vary from l-33d. per 
1,000 cu. ft. (0*25d. per therm) with a volume 
of 40 million cu. ft. per day to 0•66^^. per 
1,(XK) cu. ft. (0*13c^. per therm) with a volume 
of 80 million cu. ft. per day. 

It was further considered that the con¬ 
ditions of gas supply in Germany (where town’s 
gasworks production is leas than half that in 
Great Britain, and the consumption per head of 
population about 1,800 cu. ft. per annum as 
compared wdth over 6,000 cu. ft. in Great 
Britain) “ are so dissimilar to those in this 
country that it does not follow that long¬ 
distance transmission of gas can be introduced 
into Great Britain on the German model.” 

Among other directions in which the surplus 
gases can be utilised to good advantage may be 
mentioned : 

For Steam Raising and Power Purposes .— 
By burning the gases in the tubes of a Bonecourt 
Boiler, on the principle of “ surface combustion,” 
it is possible to transform 92% of the net heat 
of combustion into the energy of steam which 
can be either {a) converted into mechanical 
power by means of a steam turbine, or ( 6 ) used 
for evaporative purposes in connection wuth 
chemical operations. Or, power may be 
generated from the gases by means of large 
internal combustion engines, with a thermal 
efficiency of, say, from 20 to 25% (i.e. from 
net calorific value of the gas to B.H.P. at the 
engine). And by suitable combinations of 
either (c) boilers, turbines, and dynamos, or 
(d) gas engines and dynamos, electrical energy 
can be generated at a very low cost. Many 
collieries now generate from their surplus coke- 
oven gases (or waste heat) sufficient power to 
meet all the requirements of the mine. Others, 
again, sell their surplus gas (or waste heat) 
to a power company, which converts it into 


electric energy which is distributed for public 
consumption over a wide area, as in the North- 
East Coast Power Scheme. 

If no power company, or group of power users, 
is at hand to purchase the surplus gas (or waste 
heat), it might with groat advantage bo utilised 
in an adjacent chemical factory. For there is no 
reason why the crude tars, benzols, and naphtha¬ 
lene produced on the coking plant should not 
be r(?fined and transformed into other more 
valuable products in a chemical factory on the 
spot, the heat and power for wdiich w^ould be 
wholly derived from the surplus gases. Or, 
alternatively, any chemical operations requiring 
cheap electric current might very well be carried 
out in factories erected in close proximity to 
by-product coking plants. 

A.9 a Raw Material in the Chemical Industry .— 
Coke-oven gas is an important source of the 
hydrogen used in the synthetic ammonia 
industry. Thus Pollitt ^ stated that 15-8% of 
the total amount of hydrogen used throughout 
the world for ammonia synthesis in 1930-31 
was derived from coke-oven gas. According to 
Pallemaerts,2 the relative costs of preparing 
hydrogen at a pioneer installation for the manu¬ 
facture of synthetic ammonia at Ostend, wxre : 

! (i) From water-gas (from coke at 19'6d. per 

ton) 8*7(/. per l.O(K) cu. ft., and (ii) from coke- 
oven gas (at 5'^5d. per 1,000 cu. ft.) 9'27<'/. per 
1,000 cu. ft. 

The residual gas, after removal of hydrogen, 
has a calorific value some 25% higher than that 
of the coke-oven gas, and could be delivered 
into the mains for industrial purposes. On the 
other hand, during the preparation of hydrogen 
from the gas, three fractions are obtained, 

(i) a fraction containing about 18% of carbon 
monoxide and 73% of nitrogen, which is used 
on the Continent for the synthesis of methanol, 

(ii) a fraction containing about 75% of methane, 
and having a calorific value of about 815 
B.Th.U. per cu. ft., which would be suitable 
as a raw material for synthetic reactions, and 

(iii) a fraction containing approximately equal 
parts of ethylene, ethane, and methane, together 
with a little propylene and carbon monoxide, 
which is used at Bethune for production of ethyl 
and propyl alcohols. 

Literature. —W. A. Bone and G. W. Himus, 

” Coal, Its Constitution and Uses,” Chap. XXII, 
1936; and J. Roberts and A. Jenkner, “Inter¬ 
national Coal Carbonisation,” 1934. 

W. A. B. and G. W. H. 

BENZOL RECOVERY BY ACTIVE 
CHARCOAL. 

This process for the recovery of benzol from 
coal gas is described in detail on account of its 
importance in connection with motor fuel 
production. In this country some 33 million 
tons of coal are carbonised annually by the gas 
and coke-oven industries, and in 1934 the 
annual total production of refined benzol 
from all sources had reached just over 32 million 
gallons. This production could be more than 

J World Power Conference, Berlin (1930). 

* Second International Conference on Bituminous 
Coal, Pittsburgh (1928). 
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doubled if all the coal gas made were submitted 
to treatment. In the carbonisation of 1 ton of 
coal about 3 gallons of benzol are formed. 
Part of the benzol is found in the tar, but the 
bulk of it accompanies the gas in which it is 
present at a partial pressure of 7 to 8 mm. 


Formerly the recovery of this benzol was im¬ 
practicable, but the adoption of by-product 
coke-ovens and the substitution of heating for 
illuminating standards in the gas industry have 
rendered possible the practi(!e of extraction 
processes on a large scale. Prior to 1929 the 



only commercial method in this country was 
that of absorption by heavy oil, which is still 
most widely used. The active charcoal process 
was originated by the Baver Company (G.P. 
310092, 1916 ; B.P. 156543, 1916 ; A. Engel¬ 
hard t, Gas-u. Waaserfach, 1921, 64, 205 ; 1922, 
65, 473) and is fairly well known on the Con¬ 
tinent. A disability of the process as first 
introduced was the short working life of the 


technical advantages over the oil process, and is 
likely to be more widely adopted in the future. 

Descbiption of the Peocess. —Chemically 
activated charcoal of high volume activity and 
low retentivity is used in the form of short rods 
or pellets 4 to 6 mm. in diameter. The gas to be 


adsorbent, but this difficulty has now been 
largely overcome (H. Ilollings, S. Pexton and 
R. Chaplin, Trans. Inst. Chem. Eng. 1929, 7, 
102; Gas J. 1929, 188, 715). Tn 1929 the first 
commercial unit was installed by the Gas, 
Light & Coke Company at Harrow, and a few 
years later a large plant was erected at Bec^kton 
(H. Hollings and 8. Hay, J.S.C.I. 1934, 58, 
143). The active charcoal process has certain 


treated must be free from tar fog, hydrogen 
sulphide and naphthalene, and the charcoal 
plant is accordingly placed at a point in the 
stream whore the gas is in this state. The 
process is shown diagrammatically in Fig. 1. 
Gas passes upward through adsorber Al, 
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containing active charcoal, which retains and cools the charcoal rapidly. After a short 
benzol and certain other constituents of the time cooling water is again circulated through 
gas {e.g, unsaturated hydrocarbons and carbon the coils and adsorption carried to completion, 
disulphide), cold water being circulated through The cycle of operations is thus repeated. The 
the coils at the same time. When the charcoal size and number of adsorbers required are 
in A1 is saturated the gas is diverted to adsorber determined by the volume of gas to be treated in 
A2, while A1 is regenerated. For this purpose unit time, but not less than two adsorbers can 
the cooling water is shut off and steam is passed be used if the adsorption process is to be 
through the coils in ord(*r to Imat the charcoal, continuous {see time schedule, Fig. 2 on p. 271). 
At the same time direct steam is passed down- The Beckton Plant. —This installation 
wards through the charcoal bed to remove the deals with gas from horizontal retorts and coke 
adsorbed benzol. The mixture of steam and ovens and has a potential output of 20,000 
benzol va])our leaving the adsorber passes to the gallons of benzol per day, recovering 2-9 gallons 
condenser C, and the condensed liquids are from 10,000 cii. ft. of gas with an efficiency of 
separated in the gravity separator S, from which 92-95%. The layout of the plant is shown 
the benzol flows through the meter M to storage in Fig. 3. It is arranged in tw'O halves which 
tanks, while the water runs to waste. When can be operated as a single unit or independently, 
steaming is completed gas is again admitted to Each half has its individual gas inlet main and 
the hot adsorber which removes excess moisture contains four adsorbers. The adsorbers (Fig. 4) 



[Reproduced by the courtesy of the J.S.C.I, 

Fig. 4. 


are cylindrical vessels, 9 ft. in diameter and 
27 ft. in length, and hold 7 tons (700 cu. ft.) 
of active charcoal, which is supported on 
hinged grids. The charcoal is packed about 
pipe coils used for heating and cooling. The 
charcoal is charged into the adsorbers from 
closed containers which are run into position on 
overhead trucks. For discharging the charcoal 
the grids are lowered at the centre by means of 
special gear and the spent material received 
into similar containers placed underneath. 
Communication between the two levels is effected 
by a hydraulic lift. Overhead cranes are 
VoL. III.—18 


provided for assembling and dismantling parts 
of the plant. Each half of the plant is provided 
with a steam regenerator, a set of tubular 
condensers, a set of preliminary separators, a 
final separator, and a benzol meter. The 
stripped gas is cooled by direct contact with 
water in three gas coolers which condense the 
water removed from the hot charcoal after 
steaming. Cooling water for all purposes is 
supplied by electric pumps, but the water cir¬ 
culated through the adsorber coils is contained 
in a closed system charged with de-aerated, 
condensed steam to minimise corrosion. 
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Operation of Plant. —There is considerable 
latitude in the rate of passing gas which may 
vary from 300,000 to one million cu. ft. per 
hour per adsorber. The number of adsorbers at 
work is governed by the amount of gas being 
made and by the age, i.e. activity, of the 
charcoal in use. At full capacity five are under 
gas, two under steam, and the remaining one 


either in reserve or being recharged. Gas is 
passed until the benzol “ breakpoint ” is 
reached as indicated by flat flame burners fed 
from the outlet stream. The stripped gas at 
first burns with a practically non-luminous 
flame, but as little as 0 04 gallon of benzol 
per 10,000 cu. ft. of filtered gas shows as a 
luminous fringe in the flame. In steaming, the 



direct and indirect steam supplies are turned on 
simultaneously. The adsorbed gases first evolved 
contain benzol and are returned to the inlet 
stream. After 6 or 6 minutes, at a temperature 
of 80°C., benzol commences to be evolved. 
Steaming is continued 30 to 40 minutes, accord¬ 
ing to the age of the charcoal, which is finally 
raised to a temperature of 125°C., and contains 
16% moisture. In the subsequent adsorption 


cycle cooling water is not used for the first 
20 minutes, so that the charcoal may be 
sufficiently dried by the rich gas. 

Steam Requirements. —Direct steam is used 
at 2 to 3 lb. pressure and is made up partly of 
steam from high pressure mains and partly of 
steam produced in the steam regenerator (Fig. 6). 
Cheap exhaust steam may replace a considerable 
part of the high pressure steam when twp 
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adsorbers are steamed simultaneously, as the 
table shows. Indirect or coil steam is taken 
from high pressure mains after reduction to 
80 lb. pressure, and de-superheating. Require¬ 
ments and distribution of process steam are 
shown in the following table. 



Steaming 

one 

adsorber. 

Steaming 
two adsorb¬ 
ers at once. 


lb. 

lb. 

Indirect, to coils 

1,000 

2,000 

Direct steam; 



(a) High pressure 



steam .... 

6,000 

6,000 

(h) Regenerator steam 

4,500 

.5,000 

(c) Exhaust steam . 

— 

10,000 


11,500 

23,000 


About 6% only of the total heat requirements 
of the process are accounted for by the latent and 
sensible heats of the benzol. The rest is used in 
raising tlio temperature of the adsorber and 
contents. The average overall steam consump¬ 
tion is about 34 lb. per gallon of benzol. 

The Steam Regenerators. —These are an 
important feature of the plant and supply 32% 
of the heat contained in the distillate leaving 
the adsorbers. A regenerator is shown diagram- 
matically in Fig. 5. Distillation vapours 
from the adsorbers pass between a nest of 
tubes between two header plates before entering 
the condensers. A J)e Laval steam ejector in 
communication with the top of the chamber 
produces a i)artial vacuum and lowers the 
boibng-point of the water in the tubes so that 
heat is transferred from the vapours to the 
steam produced which is entrained by the 
high pressure steam in the ejector. The feed 
water consists of condensate from the adsorber 
cods augmented by softened water from outside 
sources and is maintained at constant level by a 
float valve. The two regenerators supply 
between them 4,500 lb. of steam per cycle. 

Practical Aspects of the Process. —The 
adsorptive capacity of the charcoal varies but 
slightly with changes in benzol concentration 
in the gas, e.g. an increase from 2*13 to 2-85 
gallons per 10,000 cu. ft. only increases the 
capacity from 32 to 33% by weight of adsorbent. 
Since the “ slip ” of benzol is unaltered the 
recovery efficiency is also increased. The 
adsorptive capacity is considerably lowered 
by the presence of moisture in the charcoal or 
in the gas. It is therefore an advantage to have 
the gas as dry as possible. | 

The efficiency of recovery of benzol increases 
by about 1*2% per degree C. fall in temperature; 
hence one reason for cooling the charcoal during 
adsorption. The heat of adsorption of benzol 
(340 B.Th.U. per lb.) is sufficient to raise the 
charcoal temperature to 140°C., but this is 
dissipated at such a rate by the coil water, 
effluent gas, etc., that the adsorption tempera¬ 
ture remains in the region of 20°C. The most 
effective cooling is provided by evaporation of 
residual moisture in the adsorbent which lowers 


the temperature from 120®C. to 60°C. in 20 
minutes, and is of great importance in prolonging 
the working life of the adsorbent. 

The last traces of benzol are difficult to 
remove from the charcoal and practically 
desorption is at an end when the ratio of direct 
steam to recovered benzol is 10: 1, i.e. after 
about 20 minutes. At this point, however, the 
charcoal temperature is too low for efficient 
drying, so that steaming is continued for a 
further 10 to 20 minutes (the newer, i.e. the 
more active, the adsorbent, the greater is the 
amount of steam required). 

Depreciation of the Adsorbent. —Hydro¬ 
carbons of high molecular weight and certain 
unsaturated hydrocarbons adsorbed from the 
gas are preferentially retained by the charcoal 
after steaming. These accumulate in the 
charcoal and gradually impair its activity 
towards benzol. The unsaturated hydrocarbons 
are particularly troublesome in this respect 
because when the charcoal is heated they 
polymerise into gummy substances for which 
the adsorbent has a high capacity, and which 
can only be remov(‘d by oxidation at high 
temperatures. The rapid deterioration of the 
adsorbent proved to be a serious disability of the 
active charcoal process which was at first 
uneconomic through this cause (H. Rollings, 
S. iV.xton and R. Chaplin, l.c.). Operative 
procedure has now been so much improved 
that the adsorbent can bo used from 
1,500 to 1,900 times, and made to recover 
about 175 times its own weight of benzol 
before needing replacement. The following 
practices are mainly responsible for this im¬ 
provement : 

(i) the passage of steam countercurrent to 

gas; 

(ii) the simultaneous use of direct and 

indirect steam at high rate, which limits 
the heating period ; 

(iii) the adjustment of a critical moisture 
content in the charcoal after steaming so 
that it cools rapidly in contact with rich 
gas. 

In this connection the employment of charcoal 
of low retentivity, i.e. of low capacity under the 
desorption conditions of the process, is obviously 
important. 

•Spent charcoal contains about 33% of fouling 
material, but may contain as much as 45%. 
A more or less complete regeneration may be 
brought about by the action of air or of steam 
with air at 600-600°C. (B.P. 313154 and 
338500, 1929). In these processes the fouling 
matter is carbonised and burnt away but a 
certain loss of adsorbent is inevitable. A 
recent process based on hydrogenation of the 
fouling material under pressure, and which 
entails no loss of adsorbent, is described under 
B.P. 374597, 1932. 

Sulphur Removal. —In adsorbing benzol 
active charcoal also removes sulphur compounds 
from the gas. Practically all the carbon 
disulphide and thiophen are removed in the 
early stages, but as the benzol breakpoint is 
approached some carbon disulphide and 
other volatile sulphur compounds are dis- 
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placed into the filtered gas. Fig. 6 shows in a 
typical manner the variation of total sulphur 
content of the outlet gas from a 1-ton adsorber 
up to the benzol breakpoint. At this point the 
average sulphur content of the filtered gas 
corresponds with a purification efficiency of 


75-80%, which compares favourably with 
processes specifically devised for sulphur 
removal. Higher purification efficiencies could 
be obtained by reducing the ratio of gas to 
charcoal, but such reduction would lower the 
benzol output of the plant and increase the 



consumption of steam per unit of benzol 
recovered. 

Points in favour of the active charcoal process 
are: 

(i) high recovery efficiency; 

(ii) low steam, w^ater, and power consump¬ 

tion ; 

(iii) purification of the gas from sulphiu*. 
From the economic point of view^ there seems 
little to choose between the active charcoal and 
oil processes {v. Adsorption, Vol. J. p. 150tt). 

R. a 

CO LAM IN E Choline. 

COLCHIC E i N E V. Colchicum. 

CO LC H ICIN E V. CoLcinctJM. 

COLCHICINIC ACID r. Colchicum. 

COLCHICUM and COLCHICINE, Col- 
chicum auiumnale Linn. (Fam. Liliaceae), Meadow 
saffron (Fr. Colchique, Ger. Herbstzeitlose) ; the 
plant is found in meadow s and pastures through¬ 
out Europe, where its crocus-like flowers, usually 
of a lilac hue, occur in September and October. 

The Brussels conference agreed that the seeds 
only should be used; in the “ British Pharmaco¬ 
poeia,” 1932, the seeds and cormsare official; in 
the “ United States Pharmacopoeia,” 1936, the 
seeds and the alkaloid colchicine are official. 
The alkaloidal content of the plant varies greatly, 
mostly from 0*2 to 0*8% in the seeds (“ British 
Pharmacopoeia”; 1932, not less than 0-3% ; 
“ United States Pharmacopoeia,” 1936, not less 
than 0*45%), from 0-1 to 0-5 in the corms 
(“ British Pharmacopoeia,” 1932, not less than 
0*25%). Colchicine occurs to a slight extent 
also in the flowers. 

Colchicine is present in other species of the 
same genus and also in the large tubers of 


Gloriosa superha (Fam. Liliacca?) tjommon in 
India and Ceylon (0-3% of “ gloriosine,” 
Clewer, Green and Tutin, J.C.S. 1915, 107, 
839). Klein and Pollauf (A. 1931, 778) found 
colchicine in considerable quantities in the 
following Liliaccffi : Bulhocodimn, Tofieldia, 
Veratrum antherir.umy H enter ocallis, Ornitho- 
galum, TuUpa; cf. also Albo (J.(kS. 1901, 80, 
II, 679). Fourment and Roques (Amcr. Chern. 
Abstr. 1927, 21, 2166) isolated colchicine from 
Merendera Jiulhocodium (Fam. Liliaceac). 

Extraction of Colchicine .—The alkaloid occurs 
as free base in the plants ; all preparations of 
colchicine are based on its removal from acid 
or neutral solution by CHClg. Chemnitius (J. pr. 
Chem. 1928, [ii], 118, 29) proceeds as follows : 
Ground seeds are exhausted with hot 80% 
EtOH and the solvent evaporated. Fat and 
resins are removed by addition of molten 
paraffin-wax to the still warm concentrated 
solution, which when solidified can be removed 
mechanically. Water is added to precipitate 
further amounts of tarry material. From the 
aqueous solution the base is then shaken into 
CHClg, this solvent evaporated and last traces 
removed by distillation with absolute EtOH. 
The chloroform-free alcoholic solution is filtered 
and the alkaloid precipitated with four times its 
volume of EtgO, when a slightly yellow semi- 
crystalline powder melting between 135° and 
145° is obtained. The salicylate is then usually 
prepared. 

For accurate assay of the seeds, see “ British 
Pharmacopaua,” 1932, p. 131 ; and “ United 
States Pharmacopoeia,” 1936, p. 127. Further 
references, see Self and Corfield (B. 1932, 1135), 
Hooper and King (Pharm. J. 1923, 111, 104), 
Grier {ibid, 87). 
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For microchemical identification of colchicine 
with platinirhodanide, see Klein and Pollauf {l.c. 
1931), colour reactions of colchicine, see Ekkert 
(A. 1926, 533 ; ibid. 1929, 86 ), estimation of 
colchicine with phosphotungstic acid, see Davies 
(Arner. Chern. Abstr. 1921, 15, 3894). 

Colchicme (I), CgaHgsOgN, -120-6° 

(in CHCI 3 ) and -429^ (in H^O), m.p- 
155-157", soft pale yellow nt^edles from 
CHg-COgEt (Clcwcr, Green and Tutin, l.c. 
1915). The alkaloid is usually seen as a yellow 
anhydrous varnish, m.p. 142"-147° ; Zeisel first 
crystallised it from CHCI 3 with two molecides 
of CHCI 3 of crystallisation ; according to 
Merck (Pharm. Zentr. 1916, 57, 619) there are 
two such compounds, B-CHClg and Bg'CHClg. 
The crystalline colchicine is ujostly the latter 
compound in which 14-16% CHCI 3 is retained 
tenaciously, and is only given off slowly at 100 ^^. 
According to Merck, pure (J), dissolved in 3 
parts of HgO, slowly crystallises as the hydrate 
Ba-SHgO. 

(I) dissolves slowly but abundantly in 
HgO, readily in dilute EtOH, CHClg, and 
hot benzene, less readily in hot HgO ( 12 %) or 
absolute EtOH, hardly at all in EtgO. 

Being an acid amide, (1) is a very feeble base 
and one of the few alkaloids which can be ex¬ 
tracted from acid solution by CHCI3. No salts 


are formed except an aurichloride, m.p. 209°. 
Dilute mineral acids and alkalis colour col¬ 
chicine solutions intense yellow. HNO 3 
{d 1*4) colours the solid alkaloid a deep violet, 
changing to yellow and finally to green (char¬ 
acteristic). Tannic acid, phosphomolybdic 
acid, potassium triiodide, and bismuth potassium 
iodide are the most sensitive precipitants. For 
dissociation of (I), see Kolthoff (Biochem. Z. 
1925, 162, 348) ; for absorption-spectrum of (1), 
see Purvis (J.C.JS. 1927, 2715). 

Constitution of Colchicme. —Early work on the 
constitution of (1) is due to Zeisel and co- 
workers (Monatsh. 1883, 4, 162 ; 1886, 7, 557 ; 
1888, 9, 865 ; 1913, 34, 1327, 1339), but only 
the brilliant research of Windaus and co-workers 
gave definite information (J.C.S. 1911, 100, 
I, 904 ; 1915, 108, 1, 708 ; 1924, 126, 1, 72 ; 
Annalen, 1924, 439, 59 ; Ber. 1924, 57, [BJ, 
1871, 1875). 

( 1 ) contains a A’^-acetyl and four MeO-groups; 
if it is heated for a short time with 0-5% HCI or 
weak alkali, colchiceine (II) is fornierl with loss 
of one MeO-grou[). Contrary to (1), which is 
a practically neutral substance, (II), 

C 2 aH, 30 „N,JH, 0 , 

has weakly acidic jiroperties ; m.p. 139°, or 
anhydrous m.p. 172° ; it gives a green 
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coloration with ferric chloride characteristic for 
an enolic form of a /3-keto-aldehyde (keto- 
hydroxy-raethylene grouping, tautomeric with 
an o-hydroxy-aldehyde). 

By methylation (II) is transformed back to 
colchicine and A-methyl-colchicine. By the 
action of hypoiodito the enolic aldehyde group 
in (II) is replaced by iodine, a transformation 
characteristic of o- and p-hydroxy-aldehydes, 
the resulting compound is called N-acetyl- 
iodocolchinoly CaoH.^OjNI (III). 

If (I) is heated with 15% HCI the iV-acetyl- 
group is removed as well ns one MeO-group 
and trimethylcolchicmic acid, CigHgiO^N (IV), 
results. The latter compound yields salts with 
alkalis and acids. By treating (IV) with hydro- 
iodic acid, the remaining three MeO-groups are 
removed and colchicivic acid results. 

By oxidation of (I), (11), (III), or (IV) with 
permanganate .3:4: r)-trimethoxyphthalic (from 
ring 1) and succinic acids are obtained. By 
potash fusion and subsequent permanganate 
oxidation terephthalic and triinelUtic (V) 
(1:2:4-benzenetricarboxylic) acids are obtained, 
indicating the presence of a second six-membered 
ring (ring 2). 

A'-acetyl-iodocolchinol (.wc above) has a 
phenolic OH-group and can easily be methyl¬ 
ated. If this methyl ether is oxidised first with 
nitric acid and then with permanganate, rings 
1 and 2 are destroyed and iodo-methoxy-phthalic 
acid (VI) is isolated from the oxidation mixture. 
This latter acid originates from the third six- 
membered ring present in (I). 

The methylether of (III) {see above) can be 
reduced (elimination of iodine) and hydrolysed 
(elimination of acetyl-group) to colchinol- 
raethylethcr, Cu)H 2304 N,* this compound 
is then submitted to a Hofmann degradation, 
which eliminates NHg and generates a 
double bond in the central ring, forming 
2:3:4:6- tetramethoxy - 9 - methylphcnanthrene 
(VIII). This compound was further trans¬ 
formed into 9-methylphenanthrene, which w^as 
identical with a synthetic product. 

(I) is the only known alkaloid which does not 
contain a heterocyclic iV-atom yet is highly 
poisonous. This may be connected with the fact 
that Colchicum autumnale belongs to the mono¬ 
cotyledons usually devoid of any alkaloidal 
constituents. 

For tetrahydrocolchicine, see D.R.P. 279999, for 
oetahydrocolchicine, ^22^3300^, see Windaus 
(Annalen, 1924, 439, 74), (II) does not occur 
naturally; if obtained by extraction of col¬ 
chicum, it is a secondary degradation product. 

Physiological Action of Colchicum .—Colchicum 
is employed in medicine chiefly as a remedy in 
gout and rheumatism, and colchicine itself, 
mostly as the salicylate, has been similarly used. 
The alkaloid is highly poisonous and not more 
than 3-4 mg of crystalline (I) per diem should 
be given ; lethal dose for rabbits 4 mg., for 
mice 3 mg., for dogs and cats 1 mg. ])er kg. of 
body weight. (I) is a slow poison which only 
acts after an incubation period, very similar to 
the one of bacterial toxins. Owing to its slow 
absorption (possibly by the gradual formation 
of an oxidation derivative) into the central 
nervous system, no symptoms are shown for 


several hours after its administration. It first 
excites and then paralyses the nerve endings. 
(I) causes acute intestinal pain with nausea and 
diarrhoea, and in mammals poisoned with (1) the 
alimentary canal shows all the symptoms of 
acute gastro-enteritis. 

Cf. Winterstein, “ Dio Alkaloide,” Berlin, 
1927, p. 147 ; and Henry, “Plant Alkaloids,” 
2nd ed., p. 391. 

Schl. 

COLCOTHAR (syn. Caput mortuum). The 
reddish-brown residue of ferric oxide formerly 
obtained in the manufacture of fuming oil of 
vitriol from iron sulphate. 

COLEMANITE.A hydrated calcium borate, 
Ca2Bg0ji,5H20, containing 60*9% boron tri¬ 
oxide. It is found in California at Death Valley 
in Inyo Co., and in the Calico district in San 
Bernardino Co. ; and although not discovered 
until 1882 and 1883, is now of some importance 
as a material for the preparation of borax and 
boraeic acid. Cavities in the massive, white 
material are lined with beautiful, wat(?r-(;lear 
crystals with a profusion of brilliant facets ; 
these are monoclinic, with a perfect, pearly 
cleavage parallel to the plane of symmetry. 
They are considerably harder (H. 4-4J) than 
borax ; sp.gr. 2*42. The mineral forms, to¬ 
gether with other borates and borosilicates, a 
bed 7 to 10 ft. in thickness in sandstones and 
clays. 

The coxnpact minerals, priceite from Oregon 
and pandermite from Asia Minor, have very 
nearly the same composition 

(Ca5B„0„.9H,0), 

and they have been regarded as impure, massive 
varieties of colemanite. E. S. Larsen (1917) 
has, however, by an examination of the optical 
characters established the identity of priceite 
and pandermite, and proved them to be triclinic 
and distinct from colemanite. These also are 
mined as borates. 

L. J. S. 

COLLARGOL. CoUoidal compound of al¬ 
bumen and silver, containing 70% or more Ag. 

COLLIDINES. Trimethylpyridincs are so- 
called, e.g. 1:3:5 and 1:3:4. 

COLLIN. A preparation made by heating an 
extract of hide powder or solution gelatin with 
caustic soda and neutralising with acetic acid. 
Used in the analysis of tannin and tanning 
materials (Parker and Payne, J.S.C.l. 1904, 23, 
648; Wood and Trotman, ibid. 1071). 

COLL I RON. Colloidal iron, 10%, with a 
trace of copper, used for treatment of ana3mia8 
{Evans Eons, Lescher, and Webb, Liverpool). 
B.P.C. 

COLLODION (syn.Collodjum) v. Celluloid 
Plastics. 

COLLODION COTTON v. Cellulose 
Lacquers. 

COLLOIDS. As by far the greater part of 
matter, both organic and inorganic, with which 
man is normally familiar is in the colloid state, 
there is hardly a branch of science or technology 
where colloid concepts have not been applied, 
and hence the literature of the subject is both 
voluminous and diverse. The development of 
colloid science still continues to be very rapid, 
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and several journals are devoted to it alone, 
while papers on colloid science appear in all 
the general journals of pure and applied 
chemistry. 

Colloidal sols of gold, ferric hydroxide, etc., 
were known by the middle of the last century, 
and Faraday with characteristic perspicacity 
attributed the properties of a gold sol prepared 
by him to the metal being in an exceedingly 
fine state of subdivision. In 1861 Graham 
showed that substances which are normally 
easy to crystaUise are characterised by a high 
rate of diffusion and by the powder to pass 
through certain animal or vegetable membranes ; 
such substances, which included the common 
electrolytes as well as sugars, etc., he termed 
crystalloids. A further class of material, in¬ 
cluding starch, soaps, many dyes, gums, pro¬ 
teins, etc., which are difficult to obtain in a 
crystalline form, were found to be characterised 
by a low rate of diffusion and inability to pass 
through membranes ; these substances were 
termed colloids. This separation of colloids 
from crystalloids by dialysis, a process depending 
on the inability of the former to i)a8s through 
parchment or collodion membranes, is still 
widely used. 

The term colloid is now employed in quite a 
different sense from that in which Graham used 
it, and it is to bo considered as referring not to a 
special class of chemical compounds (although 
proteins, many dyes, etc., normally form col¬ 
loids spontaneously) but to a state in which all 
compounds and elements are capable of existing. 
From our present standpoint colloids are treated 
as special examples of two-component systems 
in which one substance (the disperse phase) is 
distributed uniformly in the other (dispersion 
medium or continuous phase). Such dispersed 
systems can be classified into three types accord¬ 
ing to the fineness of division or degree of dis¬ 
persion of the disperse phase : (a) mechanical 
suspensions, [b) colloidal solutions, (c) molecular 
solutions. 

The smallest particles which are visible under 
the microscope are of the order of about 0-1 p, 
while the average molecular size is about 
0-1 m/z. Between these limits lies the region 
of colloidal particles, a substance thus being 
strictl}" defined as being in the colloidal state if 
its particles of size 1-100 m/x are distributed 
in a continuous medium. It should be realised 
that there is no clearly defined line of demar¬ 
cation between the three groups of disperse 
systems, the colloids being differentiated for 
practical purposes by their physical properties 
form a continuously graded series. 

The colloidal state is characterised by the pre¬ 
dominating influence of surface. The enormous 
increase in surface area on subdivision of a cube 
of unit dimensions is given in the table at the 
top of next column (Wo. Ostwald). 

As subdivision increases to molecular dimen¬ 
sions, intermolecular and interionic forces become 
of primary importance, so that the effect of 
surface and hence of adsorption is greatest in the 
middle of the colloidal range, in the so-called 
“ zone of maximum colloidality.” The term 
colloid should be extended to include all sub¬ 
stances (such as charcoal, silica gel, pyrophoric 
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metals) whose surface properties predominate 
over those due to chemical constitution. 

The complete list of possible two-component 
disperse systems is given below, the dispersion 
medium being placed first, followed by the dis¬ 
perse phase : 

(1) Solid-f solid (ruby glass, alloys). 

(2) Solid-f liquid (solid emulsions, minerals 

with sealed liquids). 

(3) Solid-f gas (solid foams, porous solids). 

(4) Liquid-f-solid (suspensions). 

(5) Liquid-f liquid (emulsions). 

(6) Liquid+gas (foams and froths). 

(7) Gas-f solid (smoke, cosmic dust). 

(8) Gas-f liquid (mist, clouds). 

Although it is possible to obtain all the above 
in colloidal dimensions, Nos. 4 and 6 have 
received by far the greater portion of study and 
will alone be considered here. Colloidal sus¬ 
pensions whether of solid particles or liquid 
droplets are termed sols. 

Classification of Colloids. —Colloidal sols 
differ widely in properties but fall into two 
broad classes, of which colloidal gold and gelatine 
respectively are prototypes. The chief differ¬ 
ences which serve to classify the two groups of 
colloids are as follows : 

Gold sol type. 

Artificial inorganic col¬ 
loids. 

Viscosity almost the 
same as that of 
water. 

Concentration always 
low% 

Sensitive to small con¬ 
centration of elec¬ 
trolytes. 

Do not sw'ell, un- 
solvated. 

Coagulate to form 
coarse granules, irre¬ 
versible. 

It must be realised that the ideal examples of 
the two types are extreme cases of the diversity 
of colloid properties and that there exist 
numerous colloids (e.g. the hydrous oxides and 
hydroxides) whose properties are intermediate. 
The most prevalent usage at the moment terms 
the two classes of colloids hydrophobic and 
hydrophilic according to whether they “ hate ’* 
or ** love ** the dispersion medium—water—or 
lyophobic and lyophilic when the classification is 
generalised to include all kinds of dispersion 


Gelatine sol tj'pf'- 

Natural complex sub¬ 
stances. 

High viscosity. 

High concentration 
possible. 

“ Salted out ” only by 
high electrolyte con¬ 
centration. 

Highly solvated, con¬ 
siderable swelling. 

Coagulate to jelly, 
generally reversible. 
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media. Gold forms a hydrophobic sol since it 
does not disperse spontaneously and is easily 
separated (e.gr. by electrolytes) from the dis¬ 
persion medium. Gelatine, on the other hand, 
is hydrophilic as it disperses spontaneously, is 
stable and, at the same time, becomes hipjhlj^ 
hydrated. Another type of classification terms 
the first class of colloids suspensoid, the dispersed 
particles being solid, and the second class 
emulsoid, it being assumed, chiefly by analogy 
with coarser emulsions and from viscosity (‘on- 
siderations, tliat gelatine and other similar 
substances exist in the form of liquid droplets 
when dispersed in water. There is much to be 
said for this theory, but it should be pointed out 
that mercury and certain other emulsoid sols 
dilute oil emulsions) are of the gold type, 
and that in any case the distinction between solid 
and liquid tends to disapj>ear in the eolloidal 
range where surface tension effects become all- 
important. The chief distinction between the 
two main classes of colloids is almost certainly 
due to solvation. 

CoT.LOlDS AND THE TT^TRAMICKOSCOI’E. —The 
heterogeneity of colloidal sols is clearly shown 
by the Tyndall effect, for though the sol may 
appear to be perfectly clear by f ransmitted light, 
when a strong beam of light is concentrated in 
the sol, its path is marked by an opalesc'cnce 
and the resulting light is polarised. This effect 
is caused by the scattering of light by the dis¬ 
persed particles of the sol. It should be pointed 
out here that solutions of cr 3 'stalIoida (e.g. sugar) 
also give a faint Tyndall cone, especially when 
examined by ultra-violet light, and that even 
the purest water is not completely opticallj" void. 
When the I’^mdall cone is brought to a focus 
within the sol and the small volume, thus 
brilliantly illuminated, examined through a 
microscope from above, the light scattennl 
vertically by the sol particles is observed in the 
microscope. This is the principle of the original 
slit ultramicroscope of Zsigmondy and Sieden- 
topf (Ann. Physique, 1903, [iv], 10, 1), the 
optical arrangements of which are show n below. 
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Since no direct light enters the microscope, 
the scattering particles appear as a number 
of bright spots of light against a dark back¬ 
ground ; it is, of course, not possible to see 
the actual colloid particles by the ultra- 
microscope, but only the halo of light scattered 
by each particle. The lower limit of the ultra¬ 
microscope is 5-10 m/z, so that highly dispersed 
sols of definitely colloidal characteristics appear 
homogeneous when examined by this means. 
The intensity of the scattered light depends on 


the difference of refractive index between the 
two phases of the disperse system, and so 
highly solvated colloids such as gelatine in water 
are difficult to examine by this method. Despite 
these limitations the ultramicroscope has proved 
to be one of the most poAvcrful weapons of the 
colloid chemist. Many optical modifications of 
the ultramicroscope have been introduced. 

The most striking feature of the ultra¬ 
microscope image is the ra]ud and unceasing 
motion of the particles—a phenomenon similar 
to the Browvian tnovement exhibited by small 
particles such as pollen grains, gamboge, oil 
droplets, etc., in water, whi(;h is visible in the 
ordinary microscope (R. Brown, Phil. Mag. 
1828, 4, 161; 1829, 6, 161; Edin. New Phil. 
Journ. 1828, 5, 358; 1830. 8, 41). It was soon 
realised that this movement was due to the im¬ 
pact of molecules on the colloidal particles, 
impacts on all sides not cancelling instan- 
taneousl}^ and that a visual representation of 
molecular motion in liquids as ])ictured by the 
kinetic theory was thus obtained. The fre¬ 
quency of motion increases with degree of dis- 
])ersion. It has been deduced theoretically by 
Einstein and Smoluchowski and demonstrated 
experimentally by Svedberg that colloifl particles 
po.ssess the same kinetic energy as gas or dis¬ 
solved molecules, and are subject to the same 
laws (.vcc osmotic pressure, below). From the 
Brow'iiian movement, calculations of the rate of 
movement of molecular })arti(*les have been 
made whi(‘h are in good agreement with the 
value as deduced from the kinetic^ theory ; the 
value of file Avogadro constant N has also been 
calculated by Perrin, who obtained th(‘ value 
N-^ 6-5.\U)2^ for gum mastic', particles of radius 
6-5 ,z. 

The Preparation of Collotd.s.— As the 
colloidal state is intermediate betwc'cn mechani¬ 
cal 8U8})ensions and molecular solutions, col¬ 
loidal sols may be prepared either by dia])ersion 
of the former or condensation of the latter. Of 
di.*fpermon methods the simplest is the spontaneous 
disperion of natural colloids, such as gelatine or 
soap in water, cotton in cuprammonium 
hydroxide and the formation of organosols of 
nitro- or acetyl-cellulose, rubber, resins, etc. in 
organic liquids. Mechanical dispersion has re¬ 
ceived a good deal of industrial attention 
especially since the advent of the colloid mill. 
In one of the commonest types of mill the sub¬ 
stance to be dispersed, mixed with the dis¬ 
persion medium, is made to pass between two 
metal discs, placed close to one another and 
rotating at very high speeds in opposite direc¬ 
tions (or between a stator and a rotor). In this 
process the coarse suspension particles are torn so 
as to yield particles approaching colloid dimen¬ 
sions. It is generally necessary to have a dis¬ 
persing agent present in the initial mixture, other¬ 
wise the fine suspension coagulates spon¬ 
taneously. Owing to the high cost of running and 
maintenance, colloid mills are not an unqualified 
commercial success. For a detailed account of 
colloid mills, see P. M. Travis, “ Mechano- 
chemistry,” New York, 1928, where the practical 
applications of fine suspensions are discussed. 
Liquid-liquid systems can be easily dispersed 
mechanically, but, except where very dilute 
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emiilRions are required, an emulsifying agent 
has to be added. Electrodispersion was first 
introduced by Brcdig (Z. Elektrochem. 1898, 
4, 514) who prepared metallic sols by arcing 
wires of the metal beneath the surface of the dis¬ 
persion medium. Svedberg has modified this 
method by enclosing the wires in a silica tube 
which has a hole bored in front of the arc. The 
metal vapour produced in the arc is blown out 
by a stream of inert gas and condenses to a sol 
in the dispersion medium, which is thus not 
subjected to the decomposing influence of the 
arc. The high frequency oscillatory arc has 
also been used with great succchr to produce 
highly dis])ersed sols of jmactieally all the metals 
and by a modification of the method t'ther sols 
of th(^ alkali metals w(^re prepared. Dispersions 
of solids in gases can be produced explosively by 
condensing the gas under pr(‘ssure in the pores 
of a soli<l and then releasing the pressure {see. 
iSata, Bull. Clunn. Soc. dapan, 19*16, 11, 443). 
Volcanic dust- is produced in this way. One 
of the most important dispersion methods is 
that o\' peptisation yin M'hieh a coarse snsjumsion 
is disyiersed to a sol by the action of an eh*c- 
trolyt(‘ ; simple e.xamjiles arc the peptisation 
of arsenic sulphide by hydrogen sulphide and 
of ferric* hydroxide by a small cjuantity of ferric 
chloride'. 

('ondensaiion methods of dispersion are more 
numerous. Amongst the sim])ler methods may 
be mentioned solubility reduction on cooling 
{e.g. sulphur in alcohol) and the effect of solvent 
change {e.g. by dropping an alcoholic solution 
of gum mastic into water), while th<* formation 
of organosols may be accomplished by the 
sirnulianeovs cmidensation of a metal vapour 
with that, of its organic dispersion medium 
(Roginski and Schalnikov, Kolloid-Z. 1927, 43, 
67) the ajiplications of this method are limited 
by the fact that the metal must lx; ea])able 
of subliming at a temperature at which the 
liquid does not char. Another interesting 
method makes use of the silent electric discharg<‘ 
(Miyamoto, J. Chem. 8oe. Japan, 1934. 55. 
1273) whereby colloidal arsenic can be prej)ared 
from arsine and hydrogen. By far tln^ most 
important (‘ondensation method of <*olloid 
formation is that of carefully controlled chemical 
reaction. It has b(‘cn established l>y von 
Weimarn that precipitation from either very 
dilute or very concentrated solution yields a 
colloidal ])roduct, whereas at medium con¬ 
centrations normal precipitates are obtained ; 
excellent examples are afforded by the precipi¬ 
tation of barium sulphate and of Prus.sian blue. 
The formation of colloidal materials at high 
concentrations is at first sight unexpected, but 
the explanation is presumably that, formed in 
such close proximity, the molecules have no time 
to arrange themselves into a regular crystalline 
lattice, but remain in an amorphous condition. 
This is borne out by the fact that these amor¬ 
phous, high concentration sols are unstable and 
ago with the formation of normal crystalline 
aggregates. Nearly every type of reaction in 
solution can thus be made to produce colloidal 
sols, amongst the most useful may be mentioned 
the following : reduction (preparation of 
metallic sols by hydrogen, carbon monoxide, 


and numerous organic reducing agents), oxida¬ 
tion {e.g. oxidation of hydrogen sulphide to give 
a sulphur sol), hydrolysis (formation of Fe(O H )3 
sol by hydrolysis of FeClg ; silica gel), double 
decomposition (formation of sols of acids, bases, 
and salts), polymerisation (vinyl esters, styrene, 
etc., Staudinger, Ber. 1926, 59 [ B] 3010). To show 
the wide range of possible reactions, mention 
may be made of the formation of colloidal 
sodium chloride by double decomposition of 
thionyl chloride and sodium salicylate and the 
production of colloidal palladium hydride by 
the adsorption of hydrogen by a palladium sol 
(prepared by reduction) ; the hydride sol is an 
excellent catalytic reducing agent. For practical 
details of colloid preparation, see 8vedberg, 
“ Formal ion of (.^olloids ” (1921); Holmes, 
“ Laboratory Manual of Colloid Chemistry ” 
(1927) ; Reitstotter, “ Dif-! HersR'Jlung kolloider 
Losungen anorganischer Stoffe ” (1927). 

The PirRiFicATioN of Colloids. —Dialysis, 
the classical method of separating sols from 
electrolytes is still wid(4y used, dialysers of 
parchment or collodion, whiclt are constructed 
so as to have as large a surface as possible, being 
the most efficient. As tins process, de])ending 
entirely on diffusion, is somewhat slow, the 
metho<l of electrodialysis has been introduced, 
in which the elect rol y le ions are made to 
migrate away from the sol on the passage of an 
electri(‘ current. The apparatus for electro- 
dialy.sis is shown scheinatically below : 





The sol is enclosed in the compartment A, 
separated from Ba and Be by the dialysis mem¬ 
branes M, and close to which the elec¬ 
trodes (dotted lines) are placed. The anode 
should be of platinum, the cathode may be of 
copper or any other suitable metal. There are 
three effects contributing to the separation of 
ions from the colloid ; {a) as in the case of 

ordinary dialysis, diffusion, {b) migration of ions 
through the membranes to the electrodes, 
(c) electro-osmotic streaming of the liquid. In 
order that the third cause should be effective, 
the anode membrane should be positively 
charged (prepared from albuminoid materials) 
and the cathode membrane negatively charged 
(collodion or parchment). 

Substances in colloidal suspension pass readily 
through filter papers, but, if the close relation¬ 
ship between colloids and mechanical suspen¬ 
sions is borne in mind, it will be realised that 
if the pore size is sufficiently reduced, it ought 
to be possible to retain colloids by filtration, 
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while allowing water as well as dissolved ions 
and molecules to pass through. This has be^en 
successfully carried out by using gelatinous 
materials, the pores of which are of colloidal 
dimensions and can be varied in size by modifi¬ 
cations in the methods of ])reparation. The 
greatest degree of success has been attained by 
uUrafiUers of collodion supported in the pores of 
filter paper. As the concentration of the im¬ 
pregnating material is increased, the per¬ 
meability of the filter decreases, so that a series 
of graded filters can be prepared which may be 
employed not only to purify colloids, but to 
sort out the particles according to their sizes 
(Bechhold, Z. phy^sikal. Cheni. 1907, 60, 267). 
The pore size of idtrafiltt^ra may be calculated 
from the volume of water forced through unit 
filter area in unit time by a given pressure. 
It may be stated that ultrafiltration depends 
not onty on the sieve action of the ultrapores 
but also on the charge on the filter. Collodion 
filters are negatively charged in presence 
of water and allow the passage of negative 
particles more readily than of positive ones. 
Tliis renders determination of absolute size by 
ultrafiltration somewhat doubtful. Electro¬ 
ultrafiltration is a device to speed up ultra- 
filtration in the same way that electro-dialysis 
quickens dialysis. The relative rates of separa¬ 
tion of electrolyses and non-electroly tes by 
the four methods arc given in the following 
table (E. Heymann, Z. physikal. Chem. 1925, 
118, 65), a potential gradient of 40 v./cm. being 
used in the electrical processes : 

Process. NaCI Cane sugar. 

Dialysis.1 0*3 

Electrodialy^sis . . . .168 2 (?) 

Ultrafiltration .... 14 14 

Electro-ultrafiltration . . 182 14 


(For a review of the literature on ultrafilfration 
and an account of the separation of single pro¬ 
teins, rubber latex, acetone collodion, etc., by 
this means, see Ferry, Chem. Ilev., June, 1936.) 

Adsorption.— The enormous surface of con¬ 
tact between disperse phase and dispersion 
medium possessed by substances dispersed 
colloidally has already been stressed. This is 
chiefly important because of the ions or mole¬ 
cules which can be attached at the interface by 
adsorption and thus modify the stability and 
properties of the system. The term adsorption 
is here used to indicate a concentration or 
attachment of some substances at the interface. 
In a two-phase system where one of the phases 
is a liquid it follows on thermodynamical 
grounds from surface tension considerations 
that the most stable relation between the two 


phases is the one characterised by a minimum 
surface tension. Hence, if there is present in the 
liquid a substance which lowers its surface 
tension, this substance will accumulate in the 
surface layer. The relationship as strictly 


deduced by Gibbs is V 


where U is the 


excess of substance at the interface, C its con¬ 
centration in the bulk of the liquid, a the surface 
tension, JR the gas constant, and T the absolute 
temperature. It is seen that when increasing 


concentration reduces the surface tension, 11 
becomes positive ; when it increases the surface 
tension IJ is negative, indicating a concentration 
in the bulk of the liquid away from the surface. 
This negative adsorption should obviously he 
of a much lesser magnitude than normal adsorp¬ 
tion, which is in accord wdth the experimental 
facts. On the other hand, a relatively minute 
quantity of a surface or capillary active com¬ 
pound will reduce the surface tension enormously 
The fatty acids which arc particularly effective 
in reducing the surface tension show an in¬ 
creasing activity with increasing number of 
carbon atoms in the homologous scries (Traube’s 
rule). It is interesting to note also that adsorp¬ 
tion of these 8ubstanct‘s on charcoal increases 
in the same order. C’apillary active substances 
(e.g. the 8oa]:)8) also act often as emulsifying 
agents in liquid-litpjid dispersion ; this property 
is closely connected with the fact that there is 
a definite molecular orientation in tho adsorbed 
surface layer. 

Gibb’s isotherm cannot be applied directly to 
solid surfaces where dajdC cannot bo measured. 
The solid .surface is always very complicated 
even with apparently plane crystalline surfaces 
of metals or salts, there arc numerous d(‘e}) 
fissures (ISmeekal crai^ks) between the blocks 
of crystals, as well as peaks and valleys on the 
surface. Atoms on peaks or edges are less 
strongly attached to the body of the material 
and are consequently very active for adsorption 
and catalysis. Much evidence on active centres 
has recently been obtained by the study of 
differential catalyst poisoning which eonelusively 
demonstrates the existence of different types of 
surface atoms. Active (centres, which are often 
capable of fixing ions or molecular groups 
chemically, are of fundamental importance in 
colloidal behaviour. For solid surfaces, the 
empirical sorption isotherm of Freundlich, 

X ? 

— —-W” (where xis the amount adsorbed, m the 
m 

weight of adsorbent, 0 the equilibrium concen¬ 
tration, and k and 7i constants), is generally 
applicable (see, however, J. W. McBain, “ The 
Sorption of Gases and Vapours by Solids,” 
London, 1932. p. 5). 

When an adsorbing surface is placed in con¬ 
tact wdth an electrolyte solution it can generally 
be shown that the electrolyte is not adsorbed 
as a whole, but that one ion is more strongly 
adsorbed than the other. If, for example, a 
colloid adsorbs the anion preferentially, the 
excess of cations wiU arrange themselves as an 
outer ionic atmosphere, the complete formation 
of adsorbed and outer ions constituting an 
electrical double layer. The colloid surface and 
nature of tho double layer is well illustrated by 
the precipitation of the silver halides. In the 
space lattice of silver bromide, of which a two 
dimensional representation is given on Fig. 3a, 
each interior silver or bromide ion is surrounded 
by six equidistant ions of the opposite sign. 
The silver ions on the surface^ however, are only 
surrounded by five equidistant bromide ions 
(three in the plane of the paper, one in front 
and one behind), and similarly each surface 
bromide ion is surrounded by only five silver 
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ions ; each surface ion thus lacks one ion of the 
opposite sign to saturate its affinity. When the 
particle is present in a solution of potassium 
bromide, bromide ions are preferentially ad¬ 
sorbed from solution on to surface silver ions ; 
as the added bromide ions are already balanced 
by corresponding potassium ions, a second but 
more mobile adsorbed layer (of potassium ions) 
is formed all over the surface, with the result 
that an electrical double layer is formed and the 
particle becomes a stable negative colloid {see 
Fig. 36). 

Br—Ag—Br—Ag 


Ag—Br—Ag—Br 



Neutral particle. 


Fig. 3a. 

K K 

Br Br 

I I 

Br—Ag—Br—Ag—Br K 

I I I I 

K Br—Ag—Br—Ag—Br 

I I I I 

Br—Ag—Br—Ag—Br K 

I I I I 

Negative sol particle (in KBr). 

Fig. 36. 

NO, NO, 

Ag Ag 

I I 

NOj—Ag—Br—Ag—Br—Ag 

I I I I 

Ag—Br—Ag—Br—Ag • NO3 

I I I I 

NO, Ag—Br—Ag— Br— Ag 

I I I I 

Positive sol particle (In AgNO^). 

Fig. 3c. 

At the point where equivalent amounts of potas¬ 
sium bromide and silver nitrate are present the 
particles are coagulated as a normal uncharged 
precipitate, but if an excess of silver nitrate is 
present a positive sol results, according to the 
scheme in Fig. 3c. It will be observed that the 
facts outlined above give an explanation based 
on adsorption of the phenomenon of peptisation 
already mentioned; it is seldom, however, that 
peptisation adsorption is quite as simple as the 
case cited here. Further reference to this type 
of adsorption will be found in the following 
sections. 

Electkical Properties ofCoijloids. —It has 
already been mentioned that the particles of a 
colloidal sol are electrically charged, a property 
which they share with suspensions and other 
surfaces. A qualitative determination of the 
sign of the charge of a colloid may be made by 
a simple adsorption experiment, positive colloids 
being adsorbed by negative adsorbents such as 


silica gel, and negative colloids by positive 
adsorbents such as aluminium hydroxide. The 
sign of the charge, however, is not usually 
dependent on the physical nature of the com¬ 
pound which forms the sol but, as will be 
evident from the case of silver bromide already 
discussed, is influenced by sucii quantities of 
elecjtrolytes as may be adsorbed from the 
solution. 

If a direct current is passed through a colloidal 
sol, the charged particles move towards one or 
other of the electrodes ; this movement is 
known as cataphoresis and can be measured by 
the moving boundary method, the boundary 
being seen by means of a Tyndall cone ; if the 
colloid is colourless ultra-violet light may be 
used. The Hittorf transport method can also 
be applied to cataphoresis, but by far the most 
satisfactory and <;onveniont measurements are 
made by observing the movement of the actual 
particles across the field of the ultramicroscope. 
When the moving particles are discharged at 
the electrodes, they coagulate, an observation 
which suggests a close relationship between 
electrical charge and stability, a matter which 
will be discussed in the next section. The 
effect of small quantities of electrolyte on the 
cataphoretic velocity is particularly marked, 
the influence of the ion of charge opposite to 
that of the colloid increasing very greatly with 
valency. If, instead of allowing the particles 
to move in the electric field, they are held 
stationary in the form of a diaphragm, the 
potential difference between disperse phase and 
dispersion medium manifests itself by a move¬ 
ment of the dispersion medium towards one or 
other of the electrodes, the direction being the 
opposite of that in which the diaphragm would 
move if free. This effect, which is known as 
electrical endosmose or electro-osmosis^ is in¬ 
fluenced by the presence of electrolytes, etc., in 
the same way as cataphoresis. Two other 
related electrokinetic phenomena have been 
investigated, namely the streaming potential 
developed by forcing a liquid through a dia¬ 
phragm, and the converse sedimentation potential 
produced by the passage of solid particles 
through a licpiid under gravity. The electro- 
kinetic potential (^) is related to the cataphoretic 
velocity {u) by the following equation ; 

Dxi, 

47n7 

where D is the dielectric constant of the 
medium, rj its viscosity, and x the potential 
gradient. The velocity of migration of colloidal 
particles is of the same order as that of ions. 

The origin of the electric charge on colloidal 
particles has been much discussed, one school 
maintaining that it is due to the adsorption of 
ions from solution, the other that the charges 
are produced from the ionogenic substance 
which forms the disperse phase (see below). It 
is now almost certain that both causes operate 
simultaneously in most cases, one or the other 
predominating with different types of colloid. 
It is clear also that the charge on the colloid 
particle is compensated by an equal and 
opposite (ionic) charge in the liquid in immediate 
contact with it, the system as a whole being 
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(like an electrolyte solution) uncharged. The 
whole system of colloid particle plus compen¬ 
sating double layer {(jegenions) is often termed 
a micelle. On passing an electric current, the 
two parts of the double layer tend to move in 
opposite directions, thus setting up an opposing 
e.m.f. The inlermicellar liquid which is a con¬ 
ductor tends to compensate this, so that there 
is a net movement of the micelle towartls the 
electrode. With organosols, where the liquid is 
a non-conductor, the disturbances must be 
electronic rather than ionic, but it should be 
pointed out that the presence of a very small 
trace of water plays an important part here. 

The classical theory of Helmholz assumed the 
double layer to be compact, there being an 
abrupt potential gradient between the two 
phases. This concept has been modified by the 
diffuse double layer theory mainly due to Gouy 
(J. Phys. Padium 1910, 9,457), and it is now con¬ 
sidered that although the inner layer is probably 
rigid, the gegenion layer is diffuse and extends 
outwards a distance of a few ni/x. The j)ro])or- 
tion of positive gegenions (in a negativt' sol) 
decreases and that of negative ions in the outer 
layer increases with increasing distance from the 
interface. The presence of electrolyte in the 
intcrmicellar liquid influences the diffuse layer, 
the thickness of which dec reuses with increasing 
concentration of electrolyte. 

Some confusion existed as to the relationship 
between the Nernst electrochemical potential 
(e) and the electrokinetic potential (^), but 
Freundlich has succeeded in measuring both 
potentials for the system glass-water, and it is 
now realised that they do not necessarily bear 
any relationship to one another. The electro¬ 
chemical potential represents the total potential 
drop between the disperse phase and the body 
of the dispersion medium and is little affected 
by the presence of ions in the latter. The 
electrokinetic potential, on the other hand, is 
the potential between the interior, rigid portion 
of the double layer and the body of the liquid, 
and is thus only a constituent part of the 
electrochemical potential ; it will be smaller 
than the latter, but its magnitude and sign 
depend on the ions which are present. The 
electrokinetic potential thus represents the 
potential across the plane of shear. 

The actual chemical nature of the double layer 
must now be discussed in more detail. It was 
early assumed that a neutral substance when 
placed in water W'ould become negatively 
charged owing to a preferential adsorption of 
the hydroxyl ion ; a basic substance such as 
ferric oxide would in the same way adsorb the 
hydrogen ion preferentially and so become 
positively charged, the compensating hydroxyl 
ions forming the diffuse layer. With electrolyte 
solutions a particle will become charged by 
preferential adsorption of one of the ions in the 
manner which has already been illustrated by 
silver bromide. 

The concept of ionogenic substances forming 
the double layer develops directly from a study 
of soap solutions. The sodium salts of the 
lower fatty acids behave as normal binary 
electrolytes, but in the case of the higher mem¬ 
bers it becomes obvious that association is 


taking place and that colloidal character is 
being assumed. The anion is no longer a dis¬ 
crete fatty acid anion in solution, but an 
aggregate of fatty acid ions together with 
undissociated salt molecules ; the colloidal 
aggregate is really a giant j)()lyvalent ion dis- 
sociatcil at the surface and compensated by an 
equivalent number of sodium ions in solution 
in close proximity to the giant ion. When an 
electric current is passed, the outer sodium ions 
move to the cathode, the giant ions to the anode. 
Since the latter contain a large number of undis¬ 
sociated soaq) molecules in the interior, it follows 
that some of the sodium migrates to the anode. 
This and other work by McBain on soap micelles 
indicates that, in the case of such deflnite 
colloidal electrolytes at least, cataphoresis is a 
special instaiu'C of electrolysis. Similar con¬ 
siderations aj)ply to sols of most dyes and to 
many other organic colloids. An attempt has 
been made, chiefly by Pauli and his co-workers, 
to extend the idea ot (‘olloidal electrolytes (o 
ordinary sols. 1 n the case of a positive hydroxide 
sol prt'pared by hydrolysis of ferric chloride, 
the micelle is represented as : 


j ^FeOCI cHjjO I 

The positive charge is contributed by certain 
active centres of FeO on the surface, the 
negative charge of the diffuse layer consisting 
of an ecpiivalent number of Cl ifms. Part 
of the Cl is enclosed within the sol particle 
(as FeOCI) and thus has little influence on the 
properties of the sol. 8uch colloidal ions may 
carry several thousand unit charges ; the 
number of chemical molecules (excluding those 
of the water) i)er unit charge is termed the 
colloid equivalent. The classical and modern 
theories of electrochemistry are being applied 
with some success to colloids, regarded as com¬ 
plex electrolytes. McBain and Thomas (J. 
Physical (’hem. 1936, 40, 997) have shown that 
the transport numbers of ferric oxide sols as 
well as of the true colloid electrolytes (soaps, 
etc.) can be measured by means of the normal 
{e.g. Hittorf analytical and moving boundary) 
methods. But it is difficult to see how the iono¬ 
genic theory can be extended to covalent organic 
substances in which the formation of ionic double 
layers is improbable but which still display 
electrokinetic properties. 

Electrokinetic measurements on proteins, 
viruses, bacteria sperrnatazoa, etc., are yielding 
valuable results. For a full account of this 
type of work as well as for the theory of electro¬ 
kinetic phenomena, see Abrahamson, “ Electro¬ 
kinetic Phenomena ” (1934). See also the Fara¬ 
day Society discussion on colloidal electrolytes 
(Trans. Faraday Soc. 1935, 81, 1) and a useful 
chapter on the electrical properties of colloidal 
systems by E. Hey maim in Bechhold’s “ Ein- 
fuhrung in die Lehro von den Kolloiden.” 

Colloid Stability. —The essential character¬ 
istics of a particle in colloid suspension are its 
fine state of division, with which is associated 
the Brownian movement, and the electric charge 



COLLOIDS. 


285 

which it carries. On subdivision of a solid, as I Although H ^ and OH"" ions are particularly 
surface area increases, so does surface energy, potent iu this conno<dion, the elTe(;tiveness of the 


and thus, according to thermodynamic principles, 
colloid particles should have a tendency to aggre¬ 
gation. The rate at which a particle of given 
size should settle in a liquid under the influence 
of gravity is given by Stoke’s law : 

97 ) 

where and are the densities of disperse 
phase and dispersion medium respectively, V 
the velocity of the particle of radius r in liquid 
of viscosity 77 . The application of Stoke’s law 
to particles of colloid dimensions shows, for 
example, that a gold particle of size 10 m/x should 
fall through 1 cm. of water in 29 days, while a 
benzene sphere of the same size would take 
about 12 years. Convection and other dis¬ 
turbing influences would normally mask this 
small rate of settling, so that colloidal solutions 
in the absence of special influences which 
encourage coagulation are indefinitely stable. 
The Brownian movement is manifested as a 
small diffusion effect superimposed on the 
extiu-nal forces of gravity, etc. The Brownian 
movement, bringing about as it does collisions 
of the suspended particles, favours aggregation 
when the imjiinging particles are uncharged. 
It is the electric charges on the ^mrticles w’hi<*h, 
by producing mutual repulsion, condition the 
stability of the sol ; uncharged ])articles of 
colloidal dimensions, unless protected, coagulate 
immediately, it has been shown in the case of 
dilute oil suspensions, that a slow coagulation 
takes place even when the globules are still 
feebly charged, indicating that under these 
conditions only a proportion of the total 
number of collisions results in coalescence. 
Coagulation is })urely an aggregation effect 
which is followed by precipitation due to gravity 
according to Stoke’s law ; the initially amor¬ 
phous ])recipitate may then gradually become 
crystalline. 

Coagulation of Hydrophoutc Sols.— The 
effect of electrolytes on the cataphoretic velocity 
of normal hydi’ophobic sols has already been 
mentioned. These systems are influenced by 
minute amounts of ions, the particles moving 
more and more slowly as the electrolyte con- | 
centration increases until, when the velocity is 
zero, the sol coagulates, only to be peptised and | 
the particles made to move in the opposite 
direction if electrolyte addition is continued. 

When the colloidal particle is uncharged and 
does not move in the electric field it is said to 
be at the isoelectric •point, which condition is 
usually marked by a p^^ value characteristic 
of the system. The effect of electrolytes and 
consequent coagulation of a colloid is an 
adsorption effect which is due to the antagonistic 
influence of the separate ions ; ions liaving the 
same sign as those conditioning the charge of the 
colloidal particle, tend to increase the electro- 
kinetic potential, those of opposite sign to 
decrease it or change the sign. The ions which 
bring about coagulation are thus those of 
opposite sign to that of the colloid, and in an 
electrolyte solution it is those ions which 
generally have the predominating influence. 


ion in iruiucing c;oagulation increases rapidly 
with valency, metal ions of the same valency 
all exerting ay)proximatcly the same effect. 
The flocculation values (in millirnols. per litre), 
representing the minimum concentration of 
various electrolytes necessary to coagulate a 
negative arsenic sulphide sol, have been shown 
by Freundlich to bo : 

NaCI-51 SrCl2-0*63 

KCI-50 ZnCl 2 - 0-68 

KNO 3 - 5 O AICl3=0093 

MgS64-0'81 Ce(N03)3-0080 

CaCl2-0-65 

The anion has obviously little influence in the 
coagulation of the negative sol and the floccu¬ 
lation value varies very considerably with the 
cation valency. When a positive ferric hydroxide 
sol is inveistigatod, the cation has little effect and 
the anion valency becomes the predominating 
factor. 8 ome minimum flocculation concentra¬ 
tions in this case are ; 

KN02=12 K2SO4-O26 

KCl-9 MgSO 4 - 0-22 

4BaCl2-9-6 K2Cr207--(>]4 

Freundlich (Z. physikal. Chem. 1910, 73, 385) 
has explained these facts by assuming ions 
of the same valency to be adsorbed by the 
colloid to an approximately equal extent. 
Equal concentrations of any ion of a given 
valency will thus be required to reduce the 
electrokinetic potential to zero, and consequently 
the flocculation value will bo the same for all 
such ions. These concentrations being small, 
they will appear in the initial part of the 
adsorption isotherm where the amount adsorbed 
increases very rapidly with concentration. Sup¬ 
posing that the amount of a univalent ion which 
has to bo adsorbed in order to bring about 
coagulation is double that of a divalent ion and 
three times that of a trivalent ion, the steep rise 
in the adsorption isotherm makes it clear that the 
actual concentration of salts required to produce 
this effect is not in the simple ratio 
but in the ratio indicated by the experimental 
results, trivalent ions having a dispropor¬ 
tionately large effect. Many ions, especially 
of the heavy metals and of organic complexes, 
can be shown by analysis to be more strongly 
adsorbed than those of the simple ions discussed 
here, and thus have lower flocculation values 
than those tabulated above. According to the 
“ chemical ” theory of colloidal electrolytes, 
coagulation is to be regarded as a type of double 
decomposition ; when a ferric hydroxide sol 
with chlorine as gegenion is coagulated by 
sodium sulphate, for example, sodium and 
chlorine ions remain in solution wliile the sul¬ 
phate ion is attached to the precipitate. 

Although the adsorption theory of coagulation 
proposed by Freundlich has proved to bo a 
useful working hypothesis, it fails to explain 
many aspects of the coagulation of hydrophobic 
colloids. For a complete understanding of this 
problem the influence of the coagulating ions on 
the sol double layer has to be studied. The 
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modern point of view is clearly given by Verwey 
in “ Hydrophobic Colloids,” a report of a 
symposium hold in Utrecht, 1937 (Centen, 
Amsterdam). 

When two colloidal sols of the same charge 
are mixed, there is little notable effect, but when 
the charges are of different sign coagulation 
may take place if there is roughly the same 
amount of each present, otherwise the one which 
is in excess in part remains dissolved. 

The stability of colloidal sols generally 
decreases with temperature increase, a smaller 
concentration of electrolyte being necessary to 
induce coagulation at higher temperatures. 
Although this effect may often be due to solution 
of electrolytes from the walls of the containing 
vessel, results of Keid and Burton (J. Physical 
Chem. 1928, 32, 425) show that in some cases 
heat alone may bring about coagulation. 
Amongst other coagulating influences may be 
mentioned mechanical agitation and the effect 
of radiation of various sorts (ultra-violet light, 
X-radiations, radioactive rays). The latter 
effects may often be explained by a photo¬ 
chemical action on protective colloids, jx'ptising 
electrolytes, etc. Bacterial suspensions may be 
coagulated by electrolytes in the same way as 
ordinary sols. 

It is interesting to note that concentrated 
solutions of electrolytes, and especially of strong 
acids, differ so much from dilute solutions that 
colloids, far from being coagulated, are main¬ 
tained in stable suspension in them. Voet 
(J. Physical Chem. 1936, 40, 307) has i>reparcd 
sols of inorganic compounds in strong suljdniric 
and phosphoric acids and in certain concentrated 
salt solutions. 

From what has already been said, it is obvious 
that peptisation is due to adsorption effects of a 
similar nature to those which cause <;oagulation 
of already peptised systems, namely preferential 
adsorption of positive or of negative ions. 
Sata (Kolloid-Z. 1935, 73, 50) claims to have 
peptised ferric hydroxide by means of ultra¬ 
sonic waves, even in the absence of electrolytes, j 

Stability of Hyduopiiilic Colloids.— 
Hydrophilic colloids are on the whole much 
more stable than are hydrophobic colloids, 
although the stability is more dependent on 
chemical constitution ; small amounts of 
protein decomposition products produced by 
hydrolysis on heating may influence the 
properties of the sol considerably. Hydrophilic 
colloids at once differentiate themselves from 
hydrophobic sols by their greater inertness 
towards electrolytes. The former type is 
indeed precipitated by a large concentration of 
electrolyte, but the amount is so much greater 
that the term “ salting out ” is used to distin¬ 
guish the effect from ordinary hydrophobic 
coagulation. Hydrophilic particles are charged 
in the normal way, the charges being capable of 
progressive neutralisation by adsorption of 
ions to an iso-electric point. Hydrophilic 
colloids do not, however, coagulate at the iso¬ 
electric point, although this is their point of 
minimum stability. This increased stability as 
compared with hydrophobic colloids is due to 
hydration, the sol particles being covered by a 
water layer like truly dissolved substances. 


Coagulation in this instance can thus be brought 
about by simultaneous discharge of the stablising 
charge and removal of the stabilising water 
sheath. An important series of observations on 
this subject was made by Kruyt (Kolloid-Beih. 
1926, 28, 1), who showed that a negatively 
charged agar sol became discharged on the 
addition of small quantities of electrolyte but 
was still stable owing to its water sheath. If a 
dehydrating substance such as alcohol or acetone 
Avere now added, the colh)id coagulated. On the 
other hand, if a similar amount of dehydrating 
agent were added before the addition of electro¬ 
lyte, the water sheath was destroyed but the sol 
remained stable owing to its negative charge. 
Such a dehydrated hydrophilic sol behaved 
exactly like a normal hydrophobic colloid, being 
flocculated by small amounts of electrolyte, the 
concentration and valency efl'ects of which were 
exactly the same as with a negative arsenic 
sulphide sol. 

In view of what has just been said it becomes 
clear that the “ salting out ” effect of electrolytes 
on hydrophilic colloids is due to their dehyclrat- 
ing action as well as to their power of neutralising 
the charge. As the former effect demands a 
much larger concentration of electrolyte than 
the latter, it is apparent that the minimum con¬ 
centration required to bring about coagulation 
wdll depend essentially on the dehydrating power 
of the salts; there is thus little noticeable 
valency effect, in contrast to that of hydrophobic 
coagulation. When a number of sodium salts 
are arranged in order of “ salting out ” 
efficiency, the following sequence is obtained : 
citrate tartrate ^ sul]>hate acetate 
]> chloride >> nitrate chlorate iodide 
^ thiocyanate. This is the so-called H ofmeister 
or lyotropic series and is the same as that which 
represents the powder of these electrolytes in 
“ salting out ” organic compounds from their 
solutions and of reducing the solubility of gases 
in water ; in the Hofineister series, therefore, 
the salts are arranged in order of their hydration. 
In practice sulphates of sodium or magnesium 
are used for the salting out of colloids because 
of their high solubility as well as position in the 
series. Salts at the end of the Hofineister series 
such as iodides and thioc 3 ^anates are not capable 
even in saturated solution of coagulating hydro¬ 
philic colloids; on the contrary, they have a high 
dispersive power, being able to “ dissolve ” 
cellulose and other normally insoluble sub¬ 
stances. 

The proteins are the most important of the 
naturally occurring hydrophilic colloids ; the 
behaviour of these substances the electrokinetic 
properties of which are greatly influenced by H + 
and OH“ and little by other ions, is best in¬ 
terpreted by considering them to be amphoteric 
electrolytes similar to but much more com¬ 
plicated than the amino acids. 




\ \cOOH/„ 

1 \coo-;„ 

(o) 

(b) 


As the proteins contain both acid and basic 
groups, they form salts both with bases and 
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acids. In alkaline solution (e.gr. NaOH) the 
acid groups are active and a sodium salt is 
formed which dissociates to some extent to 
produce sodium ions and a negative anion. 
In alkaline solution, therefore, proteins are 
generally negatively charged and wander to the 
anode. In the presence of excess acid {e.g. HCI) 
the basic groups form chloride derivatives which 
dissociate to form protein cations and chloride 
gegenions ; the protein is positively charged 
in these circumstances and wanders to the 
cathode. There must obviously be some 
hydrogen ion concentration at which the 
particles are uncharged or at any rate acidic 
and basic to an equal extent ; this isoelectric 
point depends on the relative strength of the acid 
and basic groups and is thus not necessarily 
at jOji —7. The isoelectric point is readily 
determined by cataphoresis, for here the mobility 
is zero ; it can also be measured by precipita¬ 
tion, viscosity, potentiornetric titration, etc. 
There is evidence that at the isoelectric point 
proteins exist as “ zwittcrions ” (formula h) 
rather than as neutral molecules (a). The iso¬ 
electric point is a specific property of each 
individual protein and is usually well on the 
acid side of neutrality, but the isoelectric point 
of luemoglobin is at Pi{- 1. Proteins behave 
normally in having tluur minimum stability at 
the isoelectric point. 

Sensitisation and Pkotection. —When 
minute amounts of a hydrophilic (‘olloid such as 
gelatine are added to a hydrophobic sol, the 
stability and cutaphoretic velocity of the latter 
are reduced although actual coagulation may 
not occur. This clTect is probably due to the 
normal adsorption of the sensitising particles 
whi(di behave as colloidal electrolytes ; the 
charge on the hydrophobic sol is thus reduced 
and unstability results. It is found that sensitisa¬ 
tion only occurs when the protein film is 
incomplete, and the ingenious idea has been put 
forward that it may thus be due to simultaneous 
adsorption of the hydrophilic colloid particle by 
two or more hydrophobic particles which arc 
thus brought into close contact. When sufficient 
gelatine (or other hydrophilic colloid) is present 
to form a complete coating on the hydrophobic 
particles, the latter take on a typical hydro¬ 
philic character and are inert to small concentra¬ 
tions of electrolytes ; such a system is termed 
a protected sol. i 

A gold sol or an oil emulsion may be floccu¬ 
lated by 0*003% gelatine, although larger, and 
much larger amounts stabilise. 

The protection of sols is of great importance 
and has been practised empirically since ancient 
times. Zsigmondy showed that the sharp colour 
change from red to blue displayed by gold sols 
under the influence of electrolytes could be used 
as a means of obtaining a quantitative com¬ 
parison of the protective action of different 
colloids. The colour change supposed to be 
due to aggregation is inhibited by protection. 
He defined the gold number of a protective 
colloid as the number of milligrams which 
are just sufficient to prevent such a colour 
change on the addition of 1 c.c. of 10% sodium 
chloride solution to 10 c.c. of a standard gold sol. 
The greater the efficiency of the protector, there¬ 


fore, the smaller the gold number. An alterna¬ 
tive method of measurement is by the ruhin 
number of Wo. OstwaJd, in which the weight 
of colloid in 100 (*.(*. of solution which will just 
prevent change of c'olour in a Congo-rubin sol 
similar to that of the gold sol is the criterion. 
The gold and rubin numbers of a few protective 
colloids are shown in the table : 

Colloid. Cold number. Iliibin number. 


Gelatine and glue . 0*005-0*01 0*025 

Isinglass . . . 0*01-0*02 — 

Sodium caseinate . 0 01 0*004 

Hfemoglobin . . 0*03-0*07 0*008 

Albumin . . . 0* 1-0*2 0*020 

Sodium olcate . . 0*4-1 *0 — 

Dextrin . . . 6-20 — 

Potato starch . . c. 25 c. 0*2 

Silica sol . . . co go 


In many biological systems double or multiple 
protection is effective ; thus in milk, which is 
essentially an emulsion of fat droplets in water, 
some workers consider the oil-water interface 
to be protected by casein which in turn is ]U*o- 
tected by the more effident lactalbuniin. The 
])roportion of lactalbumin to casein in cow’s, 
human and ass's milk is 0*175, T2, and 3*31 
respectively. Of the three varieties, cow’s 
milk is much the most readily coagulated by 
acids and by rennin, th<‘ function of the latter 
seems to be to convert lactalbumin by enzyme 
action to a coagulant. In agreement with the 
figures quoted the coagulum of cow’s milk is 
much coarser than that of the others. Cow’s 
milk is thus much less digestible for an infant 
than is human or ass’s milk but may be protected 
by the addition of gelatine, dextrin, Irish moss, 
and other protectors and even Ijy sodium 
citrate or tartrate, which also possess general 
protective action. 

Protection is essentially an adsorption 
phenomenon ; this is demonstrated by the fact 
that a finite time interval must elapse after the 
addition of gelatine to a hydrophobic sol, before 
protection is complete ; further, although the 
degree of protection is determined by the con¬ 
centration of protective colloid used, once a 
hydrophobic sol is protected, dilution does not 
diminish this effect. It is generally most con¬ 
venient to assume that the particles of the 
protected sol are covered by a complete layer of 
protector or that, at any rate, its active (icntres 
are thus shielded, but Zsigmondy has demon¬ 
strated ultramicroscopically that, when the 
particles of hydrophobic sol are small compared 
with those of the protector, one particle of the 
latter may adsorb several of the former with the 
usual protective effects. There is, however, no 
relationship between the sign of the charge 
of the hydrophobic colloid and protective 
action, proteins, for example, being capable of 
protecting both positive and negative sols. 
The protected sol assumes the electrical pro¬ 
perties of its protector ; a quartz suspension 
protected by gelatine will possess the cata- 
phoretic velocity and isoelectric point of gelatine. 

Protective colloids have considerable in¬ 
dustrial importance and there is an extensive 
patent literature. As an example may be 
mentioned the dispersion of colloidal graphite 
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in water (Aquadag) or oil (Oildag) in the 
presence of the protective tannic acid; such 
preparations have valuable lubricating pro- 
pertiOwS. This proci^ss, invented by Aeheson 
(J. Franklin Inst. Ih07, 164, 375), explains also 
the ancient Egyi)tian method of improving bricks 
by means of inlusions of straw, as mentioned 
in Exodus, v. (Aeheson, J.S.C.I. 1910, 29, 246.) 

A further important application is the pre¬ 
paration of reversible metal sols by means of 
protalbic and lysalbic acids, two albumin 
decomposition products (Paal and Amberger, 
Bor. 1904, 37, 124 ; 1907, 40, 1392). The 

resulting sols may, in contrast to normal un¬ 
protected hydrophobi(! sols, contain high con¬ 
centrations of disperse })haHe, and on evapora¬ 
tion the protected solid is left as a brittle, 
lustrous cl ark-colon red mass which disperses 
spontaneously in water to reform the metallic sol. 
Protected metal sols 8U(;h as collargol are now 
used as mild antiseptics either externally or for 
intravenous injection. 

Osmotic Pressure of Cot.loids. —Since 
there is experimental justification for assuming 
that the gas laws can be applied to colloidal 
systems, it .should be possible to calculate osmotic 

pressure from the normal ccpiation P 

where n is the number of disperse part ides per 
unit volume and N Avogadro’s number. As the 
factor n is inversely proportional to the size of 
the particles, it is obvious that the osmotic 
pressure of a sol should increase with degree of 
dispersion. With hydrophobic sols N is larger 
compared with n and the value of the osmotic 
pressure correspondingly small ; thus with a 
typical, dialysed gold sol the osmotic pressure 
may be only a few mm. or cm. of water and the 
corresponding freezing-point depression or rais¬ 
ing of boiling-point undetectable. Calculations 
of the apparent molecular weights of colloid 
particles by this means are rarely practicable. 
Osmotic pressure measurements on hydrophobic 
sols are further invalidated by the relatively 
large influence of foreign substances and 
especially of active electrolytes, as the value of n 
in the equation above represents the sum total of 
particles (ionic, molecular, or colloidal) present. 
According to the micellar theory which we have 
already discussed, ions are a necessary factor for 
the stability of colloid systems and so even when 
aU impurities are removed by dialysis the osmotic 
effect is not due entirely to the colloid particles. 
Where allowance has been made for the ionic 
part of the micelle, reproducable results have 
been obtained in some cases. The most im¬ 
portant work on this subject is that of W. Biltz 
(Z. physikal. Chem. 1910, 68, 357) and of 
Duclaux (J. Chim. phys. 1909, 7, 403), who 
was one of the early champions of the micelle 
theory. In the dialysis of hydrophobic sols the 
osmotic effect is often noticeable as an absorp¬ 
tion of water within the dialyser although hero 
again the effect may bo due to electrolytes. In 
hydrophilic sols, the particles are usually of 
smaller size than those of hydrophobic sols, 
hence n is larger and the osmotic pressure 
generally measurable although still too small 
to make freezing-point depressions significant. 
The chief difficulties and inaccuracies in the 


interpretation of osmotic pressure results with 
hydrophobic colloids are the effect of electrolytes, 
the presence of decomposition products (of 
proteins, etc.), a swelling pressure due to 
solvation and a lack of knowledge as to the 
<lcgree and uniformity of dispersion. Except 
in a few special cases there is no reason for sup- 
pt>sing that the sol particles are all of the same 
magnitude and hence the “ physical ” molecular 
weight calculated from osmotic pressure data is 
only an average value. 

If, as is generally the case, osmotic pressure is 
measured by means of a semi-permeable mem¬ 
brane, yet another complication may be intro¬ 
duced by the so-called Donnan ecpiilibriurn 
effects, (lue to uneven electrolyte distribution. 
This membrane equilibrium phenomenon was 
worked out in the first instance for true colloidal 
electrolytes sucJi as congo red, one of w hose ions 
can penetrate the membrane while tlie other 
cannot, but, as the micellar hypothesis suggests, 
the treatment can be extended to colloidal sols 
in general. If congo red sol be regarded as 
consisting of giant colloidal ions which are 
imapable of diffusing through negative congo 
red membrane and of equal numbers of mobile 

Na^ ions, then if there is f)ure water on tlie other 

side of the membrane, eaeh Na^ ion which pene¬ 
trates will cause a molecule of w ater to dissociate 

so as to provide a compensating OH ion, the 
corresponding H ^ ion tending to diffuse through 

the membrane, thus replacing the original Na * 
ion of the eongo red. This j)henorncrion is know n 
as membrane hydrolysis. If there is a solution of 
sodium chloride on the other side of the mem¬ 
brane from the congo red sol, some of the salt 
will diff use through to the sol, but the concentra¬ 
tion of sodium chloride will bo less there than 
outside. The actual concentrations on either 
side of the membrane can be calculated by 
thermodynamical reasoning, it being assumed 
that the activities of the diffusible components 
are the same on both sides of the membrane. 
This unequal electrolyte distribution gives rise 
to a potential difference—the membrane 
potential—and there is an osmotic pressure 
diff'eroru:e between the two compartments. A 
considerable number of measurements of mem¬ 
brane potentials have been made which agree 
fairly well with the calculated results. For a 
full discussion of this subject, ^ee Jiolam, “ The 
Dorman Equilibria,” 1932. 

The Size and Shape op Colloidal Par¬ 
ticles. —It is not possible to measure the size 
of a colloidal particle directly in the ultra¬ 
microscope, but an approximate measure may 
be made by counting the number of particles 
present at a given time in the field. The 
volume of this small portion of sol can be cal¬ 
culated and, knowing the concentration of the 
sol, it is a simple matter to determine the average 
size of the particles assuming that they are 
spherical or possess some other simple shape 
and that the density of the dispersed substance 
is the same as in the solid state. When the sol 
particles are too small to be seen in the ultra- 
microscope, Zsigmondy’s nuclear method (Z. 
physikal. Chem. 1906, 56, 65) may sometimes 
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be applied. In this method advantage is taken 
of the fact that in the preparation of, for example, 
a gold sol, formation of the dispersed particles 
by reduction requires a finite time during which 
the solution is supersaturated with regard to 
gold. If a number of amicroseopic gold particles 
are added, the gold is deposited only on these 
niK'lei, which thereby grow to a size sufficiently 
large to bo counted in the ultramicroscopc. 
Knowing the concentration of gold in the 
amicroseopic sol, it is thus ptissible to calculate 
the size of the original j)arti(!les. A rough 
indication of the size of colloidal particles is also 
obtained by the use of a 8eri(\s of ultrafilters of 
different pore dimensions as already described. 
IVIany other methods have been attempted though 
generally with little success, but Wo. Ostwald 
and Quast (Kolloid-Z. 1929, 48, 83, 156) have 
succeeded in calculating the size of particles 
of dy(! suspensions by a diffusioTi rnethocl. They 
were able to demonstrate the vai iation of particle 
size with the solvents used. 

The normally prepared colloidal sol contains 
dispersed particles of widely varying size and 
is thus termed })olydispcrs(s in contrast to 
isodisperse sols possessing particles of uniform 
size. Although the former is by far the most 
important ty})(^ in practice, it is often important 
to pnqjare isodispersions for theoretical investi¬ 
gation. H(*re differential ultrafiltration is of 
considerable use and Zsigmondy’s nuclear 
method can also be used in specific cases. A 
further method duo to Oden, makes use of the 
fact that the greater the size of the particles 
the smaller is their stability and the more 
sensitive are they to coagulating influeiices. 
On addition of a quantity of oleefrolyte in- 
suffi(*ient to coagulate the whole sol, therefore, 
only the larger particles are removed. By 
preferential coagulation Od6n was able to pre¬ 
pare a series of sulphur sols of different particle 
size and properties. Perrin succeeded in 
separating a gum mastic sol into a number of 
isodispersions by centrifuging at different speeds, 
and in the hands of Ocien and T. Svedt)erg, 
sedimentation has become by far the most 
important method of determining particle size 
and weight of colloid aggregate. This is dis¬ 
cussed in the next section. 

The shape of colloidal particles has received 
a good deal of study by Frcundlich and his 
school, who find that they can generally be as¬ 
signed to one of three classes, namely approxi¬ 
mately spherical (all axes of same 
length), disc-shaped (platelets) (one axis much 
shorter than the other two), and rod-shaped 
(2 axes much shorter than the third). The 
last two types of particles are double refracting, 
possessing an anisotropy due to shape rather 
than an intrinsic molecular anisotropy. Such 
a particle only produces diffraction in the ultra¬ 
microscope if its length lies in the plane of 
vision at right angles to the incident Light; 
otherwise it is invisible. As the sol particles 
are in motion the result is visible as a peculiar 
twinkling effect. Normally the particles are 
distributed in*egularly throughout the liquid, 
but on stirring they arrange themselves with 
their long axes parallel to the stream lines so that 
streaks appear. This type of behaviour is 
VoL. ITI.~19 


shown by many dye suspensions, by vanadium 
pontoxide sol, proteins, etc. Hod and disc 
particles can be distinguished by means of 
polarised light. 

Several interesting observations have been 
made as regards the shape of sol particles, one 
of whi(;h is the change of shape which often 
takes place on keeping ; thus the particles of a 
freshly j)reci pita ted ferric oxide sol are spherical, 
but age to discs with a cH)rresponding change in 
optical and other j)ropertieH ; the mict'Bes of 
many other sols diange from spherical to the 
rod shape on standing. Another property 
which has been explained on this basis is that 
of red gold sols to turn to blue during coagula¬ 
tion. This w'as at one time ascribed to aggre¬ 
gation, an explanation which became untcuiable 
when it was discovered that gold particles of 
widely different size all turned blue, although 
the final blue particles of one sol could bo much 
smaller than the initial red ones of another. 
It has now been found that the particles of red 
gold sol are approximately spherical while 
those of the blue sol are dis(!-like. 

There are several other ]jrf)perties closely 
conruM'ted wdth the sliajx* and orientation of sol 
particles, amongst which may be mentioned the 
phenomenon of stream double refraction. 
Freshly prepared vanadium j)eiitoxide sol con¬ 
taining spherical particles does not exhibit the 
property, but after a few days the liquid w Inch 
gives no image when at rest between crossed 
Nicols, shows a bright field wdien stirred ; this 
is knowm as stream double refraction. The rod- 
like particles of a vanadium pentoxide sol may 
also be orientated by an electric current or a 
magnetic field, the rods arranging themselves 
in the direction of the current or of the lines of 
magnetic force. 

X-ray diffraction methods have been apj)lied 
to colloidal systems with some success. It was 
early found that a reversible protected gold sol 
when evaporated to dryness yielded a powaier 
which was essentially crystalline, exhibiting the 
normal gold pattern, and later many actual 
sols were show n to consist of rrystalliiu* particles. 
H has already been stated that sols prepared 
by the interaction of concentrated solutions are 
initially amorphous, but age to crystalline, 
precipitates. This is a general effect, it having 
been shown that amorphous particles tend 
to result whenever formation has been very 
rapid or temperature, and hence molecular 
mobility, low. In general the disorderly 
arrangement of molecules which characterises 
truly amorphous material (in contrast to the 
many pseudo-amorphous or microcrystalline 
materials, such as charcoal) tends to disappear 
and is replaced by a regular crystalline lattice. 
Thus, most freshly precipitated metal hydroxides 
are truly amorphous and exhibit no X-ray 
diffraction pattern, but on standing for a few 
hours at room temperature or for a few minutes 
in boiling water, a characteristic pattern is 
developed. In fact just as solids can be 
crystaUino or truly amorphous, so can the 
molecules of liquids be distributed at random, 
as is normally the case, or regularly orientated, 
as with liquid crystals. 

It has been shown that many substances 
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normally considered amorphous such as rubber 
give characteristic X-ray diagrams when 
stretched. There is a critical temperature above 
wMch this change will not take place and which 
rises with the degree of stretelling. See, Weiser, 
“ The Hydrous Oxides,” 1930 ; Faraday Society 
discussion on liquid crystals (Trans. Faraday 
Soc. 1933, 29, 881). 

(Sedimentation and the Udtracentrifuge. 
—According to Stokes’ law, all jiarticles of a 
given size in a well-mixed suspension should fall 
at the same rate under the influence of gravity. 
Thus each size-group is deposited at a uniform 
rate and each decrease in the total rate of sedi¬ 
mentation indicates that some size-group has 
just completed its deposition. If the velocity 
of sedimentation in a liquid of known viscosity 
is measured, a determination of the size of the 
suspended particles may be made, and informa¬ 
tion obtained as to the heterogeneity of the 
system. Oden (Proc. Hoy. Hoc. Edin. 1916, 32, 
219) used an automatics device to measure the 
accumulation of a sedimenting suspension on 
the pan of an accurate balance immersed in the 
system (see also Svedberg, J. Amer. Chem. 8oc. 
1923, 45, 943). 

As sedimentation proceeds, the accumulation 
of particles on the bottom produces a local 
increase in osmotic pressure, resulting in a j 
tendency to upward diffusion of the particles 
so that an equilibrium state is eventually set 
up with a gradually decreasing concentration 
upwards in the absence of disturbing factors 
such as convection currents, as was shown 
experimentally by Perrin for gamboge and 
mastic suspensions. This is similar to the mole¬ 
cular distribution of the earth’s atmosphere, 
which becomes less dense at high altitudes. 

These gravity observations are only applicable 
to coarse suspensions, but the method has been 
extended to highly dispersed colloidal sola by 
the development of 8vedberg’s ultracentrifuge 
(see numerous papers by 8vedberg in J. Amer. 
Chem. 8oc., also Kolloid-Z. 1930, 51, 10). 
Refined centrifugal methods with high speeds 
of rotation enable the force applied to the 
particles to be varied so that at the maximum of 
44,000 r.p.m. it is 110,000 times the foree of 
gravity. Owing to the persistence of vision, an 
apparently continuous view of the sedimentation 
can be obtained and the process followed visually 
or photographically. Only a few c.c. of liquid 
are required for a determination, and equilibrium 
is established rapidly. 

The apparent molecular weight of a Faraday 
gold sol has been shown to bo about 1,300,000. 
Much smaller particles may be measured by 
means of the ultracentrifuge, and the most 
interesting results are those obtained for the 
proteins, a surprisingly large number of which, 
including egg and serum albumin, serum 
globulin, legumin, hsemocyanins, etc., are iso- 
disperse. I’olydisperse proteins include gelatin, 
casein, lactalbumin, fibrinogen, ovoglobulin, 
etc., all of which are unstable and show varying 
dispersity with time. Egg albumin has a mole¬ 
cular weight of 34,500 and other proteins have 
molecular weights that are multiples of this 
amount (Svedberg, Nature, 1929,1^, 871). The 
hsemocyanins have very high molecular weights. 


that of helix hsemocyanin being 5,000,000. The 
ultraoentrifugal method has been extended to 
sols which are on the borderline of true solutions, 
that of sodium eosinato, for example, which just 
begins to exhibit colloidal properties, having a 
molecular weight of J ,380, and even the heavy ions 
of ea’sium can be made to form a sediment. The 
ultracentrifuge will certainly find increasing use 
in the future in spite of the high cost of installa¬ 
tion. Its biological applications are important, 
it being found that viruses, etc., possess remark¬ 
ably well defined ultramiero8copi(! size and shape. 

8ome Properties of Hydrophilic 8ols.— 
A great deal of information has been obtained 
from the study of the viscosity-concentration 
relationship in disperse systems. Einstein 
deduced the following expression ; 

where rjg is the viscosity of the system, of 
the continuous phase, and ^ the proportion by 
volume of the disperse phase. The viscosity 
should tlius vary linearly with the concentration 
of the sol and be independent of parti(de size. 
For mechanical suspensions, Einstein’s law is 
obeyed fairly well, but for hydrophobic; sols 
the rise in viscosity is greater than that which 
the equation predicts, probably indicating that 
the fiictor ^ has, owing to hydration, adsorption, 
etc., a higher value than the volume of tli(‘ actual 
substance dispersed. The viscosity of liydro- 
philic sols is much greater than that of the hydro- 
phobic sols. Jf Einstein’s law is to hold, the 
volume of the disperse phase in su(;h a system 
must be enormously greater than that of the dry 
colloid. This is one of the strongest arguments 
in favour of the solvation theory of lyophilic 
colloids which has already been discussed. 
When the dry lyophilic colloid is placicd in the 
dispersion medium (e.g, gelatine in water) it 
commences to swell to several times its original 
volume by taking up water. Such a swmllen 
gel then disperses directly in water if the 
temperature is raised, the viscosity of the sol 
generally increasing for some time afterwards, 
indicating that solvation is still taking place. 
To account for these facts it is assumed that 
the total volume of disperse phase has increased 
many, and in some cases several hundred, times ; 
many substances (e.g. agar) in concentrations of 
less than 1% can take up the whole of the disper¬ 
sion medium to form pseudo-solid gels. This 
hydration is not entirely due to direct attach¬ 
ment by the colloid molecules ; a large part 
of it consists in the entrainment and immobilisa¬ 
tion of molecules of dispersion medium by 
intertwining crystals and filaments of the 
gel substance. On the addition of electrolytes 
to hydrophilic sols, the first small amounts 
which also neutralise the charge decrease the 
viscosity considerably ; further quantities have 
little effect. The surface tension of water is 
generally lowered by the dispersion in it of 
hydrophilic colloids. 

Hydrophilic colloids may, under certain 
circumstances, be induced to separate into two 
immiscible liquid phases, each of which contains 
a different concentration of disperse phase—a 
phenomenon discovered by de Jong and Kruyt 
(Koiioid-Z. 1930, 60, 39) and termed by them 



COLLOIDS. 


291 


coacervation. This happens, for example, on 
the addition of alcohol or other organic or 
inorganic liquids to protein sols at 50°. As in the 
case of flocculation, a decrease in charge and in 
hydration is necessary to effect coacervation ; the 
phenomenon is not readily treated from phase 
rule considerations. Coacervation has con¬ 
siderable biological significance. See. Bunen- 
berg de Jong, “ La Coacervation, les Coacervates 
et leur Importance cn Biologic,” Actualit^s 
sciontifiques et indiistrielles, Paris, 1936. 

Soi-'Oel Tiiansformatjon. —In the broadest 
sense, a gel is a substance formed by coagulation 
of a sol, but the term is often restricted to the 
transparent or opalesc^ent continuous jellies 
which are formed by the cooling or evaporation 
of substances such as agar or gelatine, dis¬ 
continuous gelatinous precipitates such as those 
of the metallic hydroxides being termed coagels. 
It is probable that the distinction between the 
two types is not fundamental and that in the 
latter case gelation is initially uniform, for by 
choosing the correct conditions, uniform jellies 
of ferric* hydroxide, manganese dioxide, etc., can 
be prepared which, like silica gel, are produced by 
coagulation of the sol. 

The hydrophilic colloids behave in very vary¬ 
ing fashion as regards gelation. Thus gelatine 
and agar, wliicli are chemically very different 
(the former being a protein, the latter a complex 
carbohydrate), both se^t to gels on cooling ; 
albumin sols do not do this, yet they are irre¬ 
versibly coagulated on heating to 60° (cooking 
of eggs). Still another type of behaviour is 
shown by a dispersion of cellulose nitrate in 
benzenti and amyl acetate, which sets to a 
reversible gel when the temperature is raised to 
70°. In the gelation of hydrophilic colloids of 
the gelatine type, the temperatures of setting 
and melting may be widely separated ; this 
hysteresis in the case of agar is as much as 45°. 
Melting and setting temperatures tend to 
approach one another when increasing time is 
allow'cd for gelation. Gelation is usually pre¬ 
ceded by a great increase in the viscosity of 
the sol and, as there is no break in the viscosity 
curve, it is generally assumed that the process, 
unlike crystallisation, is continuous. It may 
be, however, that the normal increase in vis¬ 
cosity with temperature decrease, combined with 
the elastic effects which come into play as the 
gel is formed, may mask any discontinuity. An 
experimental indication of discontinuity has 
been noticed by Hatechek (Kolloid-Z. 1929, 49, 
244) who found that gas bubbles in a setting sol, 
which are originally spherical, suddenly become 
lenticular. 

There has been an attempt to explain the 
properties of gels on the assumption of their 
being homogeneous, one-phase systems ; this 
hypothesis has the support of Loeb, Pauli, and 
Porter, but is not wholly satisfactory. In a 
recent paper, Hatschek (Trans. Faraday Soc. 
1936, 82, 787) has shown that the colour of 
gelatine gels containing cobalt chloride changes 
from pink to blue on drying, when the water 
content of the gel is still 30%. Gels containing 
this amount of water or less form no ice on 
freezing, so it may be concluded that this 
percentage of water is chemically held, the rest 


mechanically retained. Further evidence against 
the one-phase gel theory comes from the ultra- 
microscopic resolution of many such systems. 

The results of modern research tend to the 
conclusion that the gel substance consists of 
siibmicroscopic fi])ril8 or threads which may be 
either solid or viscous liquid, amorphous or 
crystalline in structure, and which are formed 
by partial coalescence of the highly solvated 
hydrophilic particles which thereby enmesh 
relatively larger amounts of the dispersion 
medium. According to this viewpoint there is 
no phase reversal on gelation, the dispersion 
medium remaining the continuous phase and the 
fact that electrolytes diffuse in dilute gels as 
readily as in pure water becomes easily under¬ 
standable. 

Some interesting work by de Jong (Z. physikal. 
Chom. 1927, 130, 205) supports the flocculation 
theory of gelation but shows that the electric 
charge and hydration of an agar gel are practically 
the same as that of the sol. The hypothesis 
has been developed that charge and hydration 
are not uniformly distributed on the surface of 
the dispersed material, but are collected in 
strongly protectful or hydrophilic regions, 
leaving unprotected or hydrof)hobic centres at 
which coagulation takes place. Protected por¬ 
tions of the surface are thus left to form the 
walls of the capillaries of the resulting 
porous aggregates. It is also postulated that 
on lowering the temperatures of a sol, a 
surface re-arrangement takes place, which 
results in an increased number of hydrophobic 
■ centres. 

Gelation is a partial coagulation ; the process 
normally continues in the gel, the spongy walls 
adhering to one another at an increasingly large 
number of spots, the gel thereby shrinking and 
squeezing out the water enmeshed in the capil¬ 
laries. This spontaneous shrinkage of a gel 
accompanied by exudation of liquid was noted 
by Graham and termed by him syneresis. Some 
gels such as silica gel show increased syneresis 
with rising concentration, while others (gelatine, 
agar, dyes, etc.) behave in the opposite manner. 

It has already been stated that when a 
hydrophilic substance is placed in water, it 
swells owing to hydration. The phenomenon 
of swelling has been erroneously described as the 
reverse of syneresis, but the former is due 
to the taking up of bound water, the latter to 
the liberation of mechanically held water. While 
in syneresis the volume of gcl-f w^ater remains 
constant, swelling is accompanied by a decrease 
in total volume, probably due to orientation of 
the adsorbed water molecules resulting in a 
closer packing than the random distribution in 
the normal liquid state. During the swelling of a 
hydrophilic colloid considerable pressure is pro¬ 
duced ; this is probably an important factor in 
the growth of plants. 

The effect of electrolytes on the swelling of 
hydrogels is very marked, different salts be¬ 
having according to the position of the anion in 
the lyotropic series ; thus citrates, tartrates, 
and sulphates lessen the amount of swelling of 
gelatine while thiocyanates and iodides increase 
it to such an extent that the gel disperses readily 
at room temperature. Swelling is usually at a 
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minimum at the isoelectric point, both hydroxyl. amount of water and then falls again as the total 


and hydrogen ions favouring the effect. 

Gels are often classified as elastic or rigid, 
gelatine being a representative of the former 
and silica gel of the latter type. The distinction 
is really one of degree, for although gelatine is 
distinctly more elastic than silica, the latter 
vibrates to give a musical note when the con¬ 
taining vessel is struck. 

A peculiar gel-sol transformation which has 
been much studied of late years by Freundlich 
and his collaborators, and termed by him 
thixotropy, is the “ liquefaction ” of gels by 
vigorous shaking, agitation, ultrasonic weaves, 
etc. On laying the sol aside, gelation occurs 
once more, when the thixotropic effect can be 
repeated by shaking, etc. The rate of thixo¬ 
tropic solidification of gels can be increased by a 
suitable gentle movement which induces a 
mechanical coagulation of the particles ; this 
is termed rheopexy. llie solidification of 
rheopectic substances is accelerated by ultra¬ 
sonics of the type w hich coagulate suspensions. 
Thixotropy was first demonstrated with a 
ferric hydroxide gel and is shown also by pro¬ 
teins {e.g. gelatine, although the effect is 
difficult to demonstrate in this system owning to 
rapid re-gelation), clays, paints, emulsions and 
protoplasm. Even silica gel may be thixotropic 
under certain conditions. These effects seem 
to be due to the type of packing of the sol or gel 
particles, the sliape of which plays an important 
part. Thixotropic sludges are much usenl as 
drilling fluids in petroleum boring, and Freund¬ 
lich has demonstrated that the properties of 
quicksands are due to a similar effect, all the* 
quicksands examined containing finite quantities 
of thixotropic clays. 

The action of ultrasonic waves on disperse 
systems has recently received a good deal of 
study. Weak ultrasonics seem first to orientate 
the particles of suspensions or sols if these are 
rod- or plate-shaped. Secondly, coagulation of 
the coarser particles of any shape takes place 
by accumulation at nodes or antinodes. Higher 
energy ultrasonics may have dispersing effects 
and are capable of emulsifying liquids, liquefying 
thixotropic gels, etc. ; this is ascribed to the 
collapse of cavitation in the liejuids. 

The Disperse Phase Rule. —A great deal 
of work has been devoted recently to the study 
of equilibria between gels and other colloidal 
solids and the dispersion medium. Although 
the solubility of a crystalloid in water is inde¬ 
pendent of the total amount present, this is not 
true of the dispersion of colloidal substances. 
In general the amount of solid substance dis¬ 
persed or peptised varies with the amount of 
solid phase present, reaching a maximum for 
medium quantities. This relationship was 
termed by Wo. Ostwald the “ Bodenkor- 
perregel,” generally translated as solid-phase 
rule, but as it is applicable also to disperse 
systems where the discontinuous phase is not 
solid, disperse-phase rule is a more suitable name. 

Excellent obedience of this rule is shown by 
many dyes (c/. acid dyes and the solid-phase 
rule, Wo. Ostwald, Kolloid-Z. 1936, 76, 291), the 
“ solubility ” of which increases to a maximum 
with increasing amount of dye to a constant 


amount of solid still further increases. 

The full significance of the disperse-phase rule 
is not yet realised. Several explanations in 
terms of adsorption have been proposed, but 
none are sufficiently broad to cover all the 
phenomena of the typo. Investigation of the 
effect of the total amount of gelatine present 
on its specific sw'clling and spontaneous dis¬ 
solution in pure water shows tliat variation is 
due to soluble impurities in the gel which dis¬ 
solve in water to form a solution, the concentra¬ 
tion of which depends on the total amount of 
solid present ; such solutions, as above stated, 
have a great influence on the degree of swelling 
and may explain the dispervse-phase effect 
in this case. Although with quite pure sub¬ 
stances it may not always hold, the disperse- 
phase rule is of great practical significance with 
the ordinary materials of industry. 

Descriptions of researches on disperse-phase 
equilibrium will be found in the Kolloid Zeit- 
schrift from 1927 onw^ards ; amongst the most 
important investigations of systems in which 
the rule holds, the following may be mentioned : 

(а) The “ dispersion ” or peptisation of gels, 

spontaneously dispersing (colloids, coarse 
suspensions {e.g. BaS 04 
charcoal, CaC 03 ammonia, etc.). 

(б) The stabilisation and cataphoretic velocity 

of susiiensions {e.g. the migration 
velocity of charcoal y)article8 increases 
with increasing electrolyte concentration 
for a given amount of charcoal, and with 
increasing amount of charcoal for a 
constant electrolyte concentration). 

(c) Emulsification of oils (the amount of oil 
emulsified by a given amount of alkali 
in a given volume of aipieous phase is 
maximum for medium amounts of oil). 

{d) Swelling of gels. 

The Effect of Hydrophilic Colloids on 
Solubility, Crystallisation, and Chemical 
Reaction. —It has been stated above that a pro¬ 
tective colloid such as gelatine prevents the 
coagulation of hydrophobic colloids—preserves 
a high degree of dispersion. Gelatine might be 
expected to have a similar retarding effect on the 
aggregation of ions or molecules to form solid 
precipitates or crystals. In fact autoprotection is 
the inhibiting effect of hydrophilic sols on their 
own crystallisation, with the result that a more 
or less colloidal solid mass is formed ; good 
examples of this are given by the soap com¬ 
pounds and many biochemicals. It is some¬ 
times possible, under special conditions, to obtain 
these substances in a crystalline form. 

Gelatine and other hydrophilic sols may pre¬ 
vent the aggregation of molecules or dispersed 
particles of normally insoluble substances, thus 
producing an abnormally great supersaturation. 
This effect has been studied by Hedges and 
Henley, J.C.S. 1928, 2718) with lead iodide, 
and many examples have been noticed by the 
present author. Whether the supersaturation is 
due to the prevention of aggregation of mole¬ 
cules, or whether a large number of colloidal 
particles have been formed but not allowed to 
grow, is not yet clear. It is certain, however. 
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that the solubility of substances in hydrophilic 
sola and gels is often abnormal. 

The work of Tamman and his pupils has shown 
that crystallisation is essentially controlled by 
two factors, first the rate of aggregation and 
orientation of a few ions or molecules to form 
crystal nuclei, and secondly the rate of growth 
of these nuclei at the expense of the material 
still in solution. If the former process is quicker 
than the latter, the result is a mass {)f small 
crystals ; if rate of crystal growth is greater than 
that of nuclei formation, a few large crystals are 
produced. 

The presence of a hydrophilic sol or gel may 
modify either or both of these factors. First, 
the protective influence of the colloid may 
prevent growth, and result in the deposition of 
a mass of microscopic or colloidal crystals, or 
even in supersaturation. On the other hand, 
in a g(d the crystallising solution is free from 
mechanical and convection disturbances and so 
(‘ach growing nucleus comes into contact with 
fresh H{)liition slowly and regularly by means of 
diffusion only. In the absence of the ])rotection 
effect it would be expcfitcd to find large, well- 
fonned crystals. 'This is the case in sili<'a gel 
which has no j)rotecting properties, Hatschek 
has producetl large crystals of gold by 
reduction of gold chloride in this medium, and 
Holmes has grown crystals of copper, lead 
iodide, etc., of considerable size. This type of 
crystals grow'th in gets has probably played a con¬ 
siderable part in the formation of large mineral 
cr 3 ^Htals in silica rocks. Crystallisation in gels 
usually has the further effect of modifying the 
CT^’stal habit of the substance. Very often tree¬ 
like gnnvths, characteristic of the crystallisation 
of thin films, are produced. Such, for example, 
are the numerous varieties of lead trees and 
spiral crj^stals described by King and Stuart 
(J.C.S. 1938, 642). There may also be a 
tendency towards spherwlite formation. This 
rounding of crystal contours is made use of in 
the addition of small (juantitics of gelatine to 
i(re cream with the result that no sharp crystals 
of ice are formed and the product is smooth to 
the palate. The protective action of glue on 
crystal growth is illustrated in practice by the 
action of this substance as a retarder in the 
setting of plaster. 

A great many observations have been made on 
the precipitation of insoluble substances by 
reaction in gels. It is usual to carry out such 
experiments by mixing in a test tube a dilute 
solution of one of the reactants with the gel 
before sohdification, and afterwards placing a 
more concentrated solution of the second re¬ 
actant above the gel. The substance in more 
concentrated solution diffuses into the gel where 
double decomposition takes place. It might 
bo assumed that such a method of carrying 
out a precipitation in the absence of mechanical 
and convection disturbances, where the reacting 
substances mix only by diffusion and the 
insoluble product remains where it is pre¬ 
cipitated, would be ideal for quantitative study, 
but we have, unfortunately, no means of 
determining in what way, if at all, the gel 
modifies the course of the precipitation. It is 
found, however, that precipitation reactions in 


capillary tubes and in porous solids are similar 
to those in gels, and as chemical reaction in 
gels is the rule in biological systems the matter 
is of considerable importance. 

The precipitate formed by reaction in a gel 
may consist of an apparently continuous mass, a 
limited number of large and (liscreto particles, a 
cellular structure, or a series of bands or discs of 
precipitate separated by clear spaces. Precipi¬ 
tates of the last type, known as Liesegang rings, 
have been widely studied and are difficult to 
explain by means of any one theory. For an 
authoritative account and bibliography of this 
phenomenon, see Hedges, “ Liesegang Kings 
and other Periodic Structures ” (1932). 

Industrial Applications. —With the rapid 
growth and increasing understanding of colloid 
chemistry, applications of its principles are to 
be found in practically every branch of science 
and industry. As all plant and animal organ- 
i.sms are colloidal in (diaracter, biological, 
medical, and nutritional sciences have to take 
a(;count of the discoveries of the colloid chemist. 
The colloidal ])ro})erties of humus, (‘lays, zeolites, 
etc., enable them, by base exchange, to hold 
.soluble salts whicdi would otherwise be washed 
out of the soil and unavailable to plants. All 
fibres are of organic colloid origin, and thus the 
textile industries are colloid industries; especially 
so is the manufa(^ture of artificial silk, in which 
nature’s colloids have to be imitated. Pre¬ 
dominantly colloidal materials are also used or 
prepared in the manufacture of soaps, detergents 
and Madting agents; dyestuffs, films, cellophane 
and plastics ; synthetic resins, rubber, adhesives, 
leather, tars, bitumen and asphalt; lubricants, 
horticultural sprays, paper, paints, bread, 
butter and margarine; glass, ceramics and 
cements; absorbents, decolorising media, etc., 
etc. 

Bibliography, —Wo. Ostwald’s “ Theoretical 
and Applied Colloid Chemistry” (Wiley) 
is a stimulating, general introduction to the 
subject. Hatschek, “ Colloids ” (Churchill) is 
more detailed, and Hedges, “ Colloids ” 
(Arnold, 1931) gives a non-mathematical treat¬ 
ment of the subject on modern lines. Von 
Kuzagh, “ Kolloidik ” (Steinkopff’, Leipzig, 
1936) gives a brief, systematic treatment, 
Bechhold, “ Einfuhrung in die Lehre von den 
KoUoideii ” (Steinkopff, 1934) is a collection of 
clcarl}’^-written articles bj’^ different authors, and 
Taylor, “ Physical Chemistry,” Vol. 2 (Macmil¬ 
lan, 1931) contains a useful section with exten¬ 
sive references. More comprehensive mono¬ 
graphs include Jerome Alexander, “ Colloid 
Chemistry, Theoretical and Applied ” (1926- 
1936), Freundhch, “ Kapillarchemie ” (Akad. 
Verlag, Leipzig), Zsigmondy, ” KoUoidchemio ” 
(Spamer, Leipzig). Reference should also be 
made to the “ Colloid Symposium Monographs,” 
edited by H. B. Weiser, whoso ” Inorganic 
Colloid Chemistry,” Vols. 1, ll and HI, 1938, and 
to reports of the Faraday Society discussions on 
colloidal subjects {e,g, “ Colloidal Electrolytes,” 
Trans. Faraday Soc. 1935, 31, 1; “ Fogs, Smokes, 
etc.,” ibid. 1936, 82, 1042 ; “Polymerisation,” 
ibid. 1936, 32, 3; “Colloid Aspects of Textiles,” 
ibid. 1933, 29, 1. 

A. K. 
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COLLOPHANITE. A colloidal hydrated 
phosphate and carbonate of calcium forming an 
important constituent of phosphorites and rock- 
phosphates. It is amorphous and optically 
isotropic, and forms concretionary masses 
resembling opal or gum in appearance, with a 
vitreous to resinous lustre and a conchoidal 
fracture. The material may be opaque or 
translucent to nearly transparent, and the 
colour ranges through colourless, white, yellow, 
brown, and reddish. An earthy variety is 
known as monite. Sp.gr. 2-69-2*77 (of monite 
2*1) ; hardness 4^ ; refractive index T569- 
T612. A. Lacroix (1910) gives the formula as 

(P 04)2]+ 7 /C aC03-f-2:H20 

t4(CaF)2Ca8(P04)e]+2/CaC03-fzH20 

which includes also the variety called jlnocoUo- 
phanite. W. T. Schaller (1911) gives the formula 
as 9 Ca 0 * 3 P 205 Ca0 C02 H20-f wHgO. The 
mineral is found in three classes of deposits : 
in guano deposits, having been first recognised 
in the guano of Sombrero, West Indies ; in 
pockets of phosphorites ; and in the phosphatic 
nodules and coprolites of sedimentary rocks 
ranging in age from the Eocene to the Silurian. 
Material of the last of these modes of occur¬ 
rence frequently contains fluorine in addition 
to carbonate and phosphate, and is distinguished 
as fluoeollophanite. 

L. J. S. 

COLLORESIN V . Cellulose Plastics. 

COLOCYNTH. Bitter apple . Colocynihis, 
“British Pharmacopada”; deleted from 
“United States Pharmacopoeia,” XI, 1936. 
(Fr. Coloquinte ; Gcr. Koloquinte.) 

The dried pulp of the fruit, freed from seeds, 
of Citrullus Colocynthis Schrader (Fam. Cucurbi- 
taceae), a prostrate perennial of the gourd family, 
inhabiting the warm, dry districts of the Old 
World—India, Persia, Arabia, Syria, and the 
African and European shores of the Mediter¬ 
ranean. It is cultivated in Spain and Cyprus. 
{Cf. Bentl. a. Trim. 114). 

The “British Pharmacopoeia” demands that 
not more than 3% of fixed oil be extracted by 
petroleum spirit, and that the ash be not more 
than 8%. The two chief varieties imported are 
Turkey and Spanish colocynth, of which the 
former is the whiter, the richer in pulp and the 
more esteemed. 

Colocynth was well known to Greek, Roman, 
and Arabian medicine, and in the form of solid 
extract enters into many of the purgative pills 
of modem pharmacy. It is a drastic purgative, 
rarely used alone. Small quantities of the 
extract have sometimes proved fatal ; the 
powdered drug irritates mucous membranes. 
The purgative action is said to depend on two 
substances, one of which is alkaloidal ; neither 
has been isolated. For inactive constituents, 
see Powder and Moore (J.C.S. 1910, 97, 99). 

G.B. 

COLOGNE YELLOW t;. CmioMiUM. 

COLOPHONY. Colophony, or common 
rosin, usually termed simply rosin, is the 
residue obtained by the removal of the essential 
oil from the oleo-resin derived from various 
species of pine, chiefly Finns australis, P. toeda, 
P. pinaster, and P. laricio. The principal source 


of supply is the United States, a certain amount 
coming from France and Russia. There are 
vast areas of pine trees in India, and there are 
great possibilities of development of the rosin 
industry there. As the trees are exhausted 
without equivalent afforestation in the United 
States, the gathering grounds spread further 
afi(ild, and fresh species of pine are met with, 
so that the American rosin is the product of a 
number of species. In the United States the 
oleo-resin or turpentine is collected by what 
is knowm as the ” box ” system. The trees are 
“ boxed ” in autumn and winter, that is, excava¬ 
tions of characteristit^ shape are made in the 
trunks about 8 in. above the ground. These 
“ boxes ” hold from 5 to 10 lb. of the exudation. 
The bark is cut away for about 3 ft. above the 
box and the wood is scored with grooves leading 
to the box. The exudation commences about 
the following March and goes on till about the 
middle of October. The tajqung life of the tree 
varies from 5 to 8 years. 

In France, a different method of collection is 
used, known as the cups and gutter system. 
The production is confined to the Landes district 
and the pots attached to the pine trees is a 
familiar sight to travellers in that locality. 
The principal tree used is Finns pinaster. 
The oleo-resin exudes from the tree from March 
to October from incisions made with an axe. 
This incision is known as the ” carre ” and is 
kept open by removal of a thin slice every week 
and is gradually extended to about 12 ft. from the 
ground. Small gutters made of galvanised iron 
are fl.xed so as to lead the oleo-resin into a 
small cup or pot nailed to the tree at a suitable 
point. 

The tree used in India is the “ chir,” Finns 
longifolia, and (collection is similar to the French 
method. If the trees are lightly tapped in 
France or India they may have a tapping life of 
30 to 40 years, but if tlu^y are ” tapped to death ” 
(gemmage k raort) their active life may be only 
5 to 6 years, when they are felled for timber. 

The oil of turpentine is distilled off from the 
oleo-resin, and the residual solid matter, which is 
melted and strained into barrels, is the ordinary 
rosin of commerce;. 

Colophony comes into the market graded 
according to colour. That sold under Mark A 
is nearly black, and numerous qualities exist 
until that marked W.W is “ water white ” 
rosin of the finest quality. It is a brittle sub¬ 
stance with a glassy fracture, soluble in ether, 
chloroform, light petroleum, acetone and 
alcohol. It is soluble in most volatile and 
fixed oils. It softens at about 75” and is com¬ 
pletely melted at 120”-135”. As it is the 
cheapest commercial resin, it is never 
adulterated. It consists almost entirely of a 
free acid or mixture of acids, partly in the 
form of an anhydride. The principal acid is 
termed abietic acid A small amount of 

esters may be present. The analytical characters 
of rosin are as follows : 

Specific gravity at 15°=~1 •0451-1*085. 

Acid value=150-175. 

Ester value=7-20. 

Iodine value (Hubl)=118-128. 
Unsaponifiable matter=4-9%. 
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The iodine value determined by the Wijs 
process is nearly double that found by the 
Hiibl process. The former gives very variable 
figures if the conditions, such as time and 
temperature, are varied, whereas the Hiibl 
value is far less dependent on small changes of 
conditions, and is therefore the better figure for 
a standard, as it is for resins generally. 

A useful test for rosin in other substance's, 
such as shellac, is the Storch-Morawski 
reaction. About 0-1 g. of the substance is 
dissolved in 10 c.c. of hot acetic anhydride; 
the mixture is allowed to cool and a little sul¬ 
phuric a(!id of specific gravity about 1.5.3, is 
allowed to flow down the side of the test-tube. 
In the preseneo of 1% or less of rosin, a red- 
violet-purple colour appears at the junction of 
the liquids, whicli spreads to the whole of the 
sulphuric acid layer. 

An even more delicate test for colophony is 
one based on that originally devised by Halphen. 
A solution of 1 part of phenol in 2 parts of 
carbon tetrachloride is prepared. A very small 
amount of the substance to be tested, or an 
extract of the same with trichlorethylcne, is 
mixed with a small amount of this solution, 
and the mixture placed on a white tile adjacent 
to but not in contact with it is placed a few 
drops of a freshly prepared solution of 1 c.c. 
of bromine in 2 c.c, of carbon tetrachloride. 
The bromine vapour is allowed to drift over the 
solution—a wave of the hand is sufficient— 
and in the presence of rosin a pale blue to 
strong violet colour appe^ars at the edge of 
the spot, which slowly spreads. So little as 
0 -1% of rosin in a mixture can thus be detected, 
and with 0*5% the colour is intense. This 
reaction is known as the Halphen-Hicks 
reaction. 

Rosin is used as the basis of cheap varnishes 
and of resinate driers in the paint and varnish 
industry, in the manufacture of cheap soaps, 
and for sizing paper. It is also used for the 
manufacture of rosin oil, and for most purposes 
for which resins are used. Its friability and 
lack of resistance to wear and weather in 
varnishes render it a poor substitute for the 
harder and better class resins. It is used as an 
adulterant of shellac. 

The chemistry of colophony is a question of 
considerable difficulty, and cannot be said to be 
entirely settled yet. So much is historical, 
and a great deal of the older published work has 
been shown to be erroneous, that only the 
recent work which is well established need be 
dealt with. References, however, to some of the 
more interesting of the historical papers will 
be found below. 

The complexity of the “ rosin,” or as they are, 
unfortunately, often termed “ resin,” acids 
(which name will be used here, as it has been 
used in so many publications), together with the 
fact that rosin from different pine trees contains 
different acids, and also that methods of treat¬ 
ment or so-called isolation have frequently 
altered the character of the acids, have made it 
exceedingly difficult to even compare, much less 
reconcile, a good deal of one observer’s w^ork with 
that of another. 

To-day it may be said that the “ pine resin 


acids ” are all fairly closely related, in so far 
as they all appear to be built up on a hydro- 
phenanthrene skeleton, and on the basis of the 
isoprene rule. The principal acid, which is the 
main constituent of American rosin, is abietic 
acid. This acid is found in both the dextro- 
and the lawo- varieties, and the two acids are 
probably true optical cnantiomorphs—having 
identical structural constitutions. Of the acids 
known as pimaric acid, ^-pimaric acid is closely 
related to abietic acid, but in what exact 
manner is not yet clear. 

It is unfortunate that the names ^-pimaric 
and rf-pimaric acids have been retained, as 
d-pimaric acid is certainly not the optical iso- 
meride of /-pimaric acid. The elucidation of 
the structure of abietic acid, CgoHgoOg 
(C^gH^pCOOH), is chiefly due to Ruzicka 
and his associates. The same is true in regard 
to dextro-pimaric acid (v. Abietic Acid). 

Reference may bo made to the following: 
C. E. Soane, Bibliography (J. Oil. Col. Chem. 
Assoc. 1922, 5, 320), in which everything of 
importance up to 1922 is quoted; Ruzicka 
and his colleagues (Helv. Chim. Acta, 1922 5, 
581 ; 1923. 6,077, 1077-1090 ; 1925, 8, 632-636 ; 
1924, 7, 875; 1927, 10, 915; 1931, 14, 545; 
1932, 15, 1300, 1289, 915; 1933, 16, 169); 
and R. 1). Haworth (J.C.S. 1932, 1784, 2248, 
2717). 

Bacon and Ruzicka (Chem. and Ind. 1936 
55, 546) have now thrown some doubt on their 
formula for abietic acid. Recent work on 
/-pimari(‘ a(‘id ha.s shown that the possibility is 
not excluded that conjugation does not exist 
in abietic acid, and that therefore the position 
of the double bonds may require reconsideration. 

E. J. P. 

“COLORADO” CRUCIBLE Assay- 
rNG. 

CO LORA N B7. A highly sulphonated 
product of a fatty oil used as a wetting-out 
agent. 

COLORIMETERS and COLOUR 
COMPARATORS. The name “colori¬ 
meter ” is applied somewhat loosely to any 
instrument in which the observer has to an*ange 
a colour match in a photometric field, irre¬ 
spective of the kind of information which is to 
be derived from this colour match. Strictly, 
the name colorimeter should be confined to 
instruments designed to effect measurement of 
colour, that is, to provide numbers, charac¬ 
teristic of each colour tested, by means of 
which colours may be classified and their 
relations to one another exhibited ; it should 
not be given to instruments in which the 
readings give no information about the observed 
colour, a colour match being used merely as a 
criterion for the measurement of something 
else, say the concentration of a solution. Instru¬ 
ments of this kind are better described as 
colour comparators. Unfortunately, the exist¬ 
ence of well-established trade names makes 
it impracticable to adhere consistently to this 
distinction in referring to proprietary instru¬ 
ments, but the distinction in function should be 
borne in mind, and the first section of this 
article will deal with true colorimeters, instru- 
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ments whose primary function is the quantita¬ 
tive study of colour qva colour, while the 
second part will deal with colour comparators, 
whose primary (and usually only) function is 
the measurement of something other than 
colour. 

Colorimeters. —The different colour sensa¬ 
tions which light may excite in the normal 
human eye arise from difl'ercnces in the spectral 
distribution of energy in the radiation entering 
the eye, or, more brietly, in the sjjeetral quality of 
the stimulus. The theory of the relations 
between the physical stimuli and the colours 
observed would carry us outside the scope of the 
present art ic'le ; suffice it to say that the essential 
properties of stimuli which determine whether 
or not they will produce a visual match are 
found to be functions of three independent 
variables. Three independent numbers are 
necessary to specify, quantitatively, the match¬ 
ing properties of any stimulus, and any two 
stimuli, whether physically similar in spectral 
composition or not, which have all three 
numbers equal, will produce visual effects 
identical both in colour and brightness. This 
fact necessarily has its origin in some triple 
structure of the receiving mechanism in the 
eye. lattle is known of the physiological cause 
of this triplicity, but the fundamental variables 
may be regarded as the degrees of stimulation of 
three indc'pendent sets of receptors, differing 
from one another in their relative sensitivities 
to the various j)arts of the spectrum. Differ¬ 
ences in the relative degrees of stimulation of the 
three recej)tor systems are recogni.sed as 
differences in colour ; differences in the actual 
degrees of stimulation, without change in the 
relative degrees, are recognised as differences 
in intensity or brightness. Any two stimuli, 
whatever their spectral composition, which 
produce the same degrees of stimulation, both 
relative and actual, in the three receptors, appear 
identical both in colour and brightness ; the 
eye can analyse no further. 

It is not easy to ascertain the v^alues of the.se 
fundamental variables characteristic of any 
stimulus. Fortunately, it is not necessary to do 
so in order to measure colour. If the visual 
values of all stimuli in terms of the three funda¬ 
mental variables vere known, it is obvious that 
merely by solving simultaneous equations these 
variables could be eliminated and any or all of 
the stimuli exju-es-sed in terms of any three of 
them. This shows that it is possible to express 
the visual properties of stimuli in terms of 
variables which are simply quantities of three 
other stimuli. This being so, it should be possible 
to effect direct determination of those quantities 
without troubling about the fundamental 
variables, and this is in fact done in the typo of 
instrument now to be described. 

The Trichro7natic Colorimeter consi.sts in 
principle of a matching field one side of which is 
illuminated by the stimulus being measured, the 
other side being illuminated by a controllable 
mixture of three standard stimuli, which may 
consist of monochromatic radiations obtained 
spectroscopically, or may bo produced by 
passing white light through colour filters. If 
the colours of the three standard stimuli are 


well chosen it will be found that the great 
majority of other stimuli can bo matched 
exactly by a suitable mixture of the three 
standards. The quantities of these standards 
used in any match are indicated on the scales 
of the instrument. 

These scale readings do not, however, afford a 
convenient comparison of the quantities of the 
three standards. In comparing quantities of 
light of different colours it is desirable to 
express them in units the significance of which is 
independent of the peculiarities of construction 
of any particular instrument. Any choice of 
units is arbitrary, and there are numerous 
alternative systems from which selection could 
be made. In the system most widely used, 
because of its practical convenience, the 
quantities of the three standards which are 
required to match a standard white [see later) are 
regarded as equal. Measurements are converted 
to this basis by multiplying the observed scale 
readings by suitable numerical factors, usually 
termed the ivhite light factors. These factors are 
ca.sily obtained from the scale readings observed 
when matching the standard w hite. Quantities 
bas(Hl on this convention are said to be expressed 
in trichromatic units. Hereafter, ariy reference to 
the scale readings of a trichromatic colori¬ 
meter will not mean the numbers directly 
observed on the scales of thcs instrument but 
the equivalent numbers on the triclironiatic 
bases obtained on reduction by the white light 
factors. 

In order to measure the colour of a specimen 
of material under a given illumination, which 
may or may not be thc> standard wiiite light on 
which the scale factors are based; the light 
refiected from the specimen, if opaque, is intro¬ 
duced to the tc.st ficid of the colorimeter and 
matched in colour and briglitness by a suitable 
mixture of the instrument standards. Denoting 
the standards by A, B, and C, and the quantities 
(reduced scale readings) required to match the 
specimen, 8, by a,, and o. The cpiantity of 
the light from 8 i)reHent in the field of view, when 
evaluated on the same system as the standards, 
must be ecpjal to the total quantity of the 
light in the cc)mj)arison field, and the result 
of this colour match is expressed in the 
equation : 

(%-i- ^5+ Cff)S --a^Ah 6gB-(- CgC 

Dividing both sides by the total quantity the 
proportional composition of one trichromatic 
unit of the fight from 8 is 

S-aAhj3B-{-yC 

where a=a,/(o^-f6j-|-rg), etc. The quantities a, 

and y, whose sum is unity, are termed the 
trichromatic coefficients of 8 in terms of the 
standards A, B, and C, and the property wdiich 
they define is termed the colour-quality of 8. 
Colour quality as thus defined is independent 
of intensity. It depends on the constitution 
of the light and not on its amount. It is 
possible therefore to have materials exhibiting 
the same colour quality but differing in bright¬ 
ness. For instance, a bright yellow and a dark 
brown may have the same colour quality, but the 
former may reflect ten to twenty times as much 



COLORIMETERS AND COLOUR COMPARATORS. 


297 


of the incident light as the latter. Any two 
materials related in this way can be made to 
look alike by increasing the intensity of illumina¬ 
tion of the darker specimen (or diminishing that 
of the lighter) until the absolute amounts of 
light reflected from each are equal. However, 
obje(;ta are not normally compared in this way; 
our ideas of their aj)pearances are baaed on 
comparisons under the same inten.sity of 
illumination, and brown is therefore regarded 
as a different (‘olour from yellow. In order to 
define the colours of materials completely we 
must measure not only colour (juality but also 
the property which determines their relative 
brightnesses. For this purpose it is necessary 
to adopt a standard of comparison, and the one 
now adopted in standard practice is the bright¬ 
ness of a magnesium oxide surface, prepared 
by smoking a silvered plate over a magne.sium 
flame. The brightness of this surface when 
illuminated at an angle of 4.5'^ and viewed 
normally (or vice versa) closely approximates 
to that of a ])erfectly rcll(u‘ling, perfectly 
diffusing surface, and is given the value unity. 
The ratio of the brightness of any material to 
that of the magnesium oxide standard under 
the same intensity of illumination is termed the 
brighinc.ss factor of the material. In order to 
determine the brightness factor we utilise the 
same observations as for the trichromatic 
coefficients, but require in addition to make a 
similar measurement with the magnesium j 
oxide screen in j)lace of tlie specimen. Denoting 
the reduced scale readings for this match by 
J'fid Ctn, the following (‘quation expresses 
the quantity equation in trichromatic units : 

(^^Wi4 Q/aA-f b^nB 4 

wlnlst for the specimen under the same illumina¬ 
tion it was: I 

(^7a4^>fi4^«)S=-«^A-l 6gB-l CgC 

The ratio of the quantities of light reflecdetl 
from the specimen and the magnesium oxide, 
expressed in tri(‘hromati(; units, is therefore 
(«if4 bg+ Cg)l{ajn-i- ^w4-Cm)- H brightness hictors 
were only of interest as part of a colour measure¬ 
ment, this would be the most convenient way of 
evaluating them ; but brightness factors are 
frequently measured by photometric methods 
for purposes unconnected with colorimetry, 
and it is desirable that they should always be 
evaluated on the same basis. ]n calculating 
brightness factors from colorimeter measure¬ 
ments it is necessary to obtain the result in 
ordinary photometric units. Quantities of the 
three standards which are equal on the tri¬ 
chromatic basis would not be equally bright. 
It is possible, however, to determine, by appro¬ 
priate experiments the relative brightness, or 
luminosity, of trichromatic units of the three 
standards. If these be in the proportion La : *• 

Lo ; them it is evident that the brightness 
factor of the specimen expressed as a photo¬ 
metric ratio is : 

(®«La 4 ^«Lij-f Cgho)l{afnlj^-}- 6;>jLu-f c»iLc) 

The colour quality equation and the brightness 
factor (usually expressed as a percentage) 


completely define the appearance of the 
specimen under the kind of illumination for 
which the measurements are made. 

If the three standard stimuli of a trichromatic 
colorimeter are chosen at random it will be 
found that although many colours can be 
matched by suitable mixtures of the standards 
there are others which cannot. This applies 
to every possible set of standards, but by a 
suitable choice it is possible to secuto that the 
great majority of the colours of commerce can be 
directly matched. For this purpose the most 
suitable standards arc saturated colours the 
hues of which match the hues of the spectrum 
in the red at wave-length about 0'63p, in the 
green at wave-length about 0-r)3/i, and in the 
blue at wave-length about 0‘45.5p,. 

Even then, however, there are some colours 
which cannot be matched by any combination 
of the standards. In such cases it is always 
possible by adding some one of the standards 
to the colour umjer test to obtain a modified 
colour which can be matched by the other two. 
The result of this process, when the various 
quantities are all collected to the aj)pi'Oiwiato 
sides of the equation, is to give an exynession 
for the colour ({uality of the specimen in wdiich 
one of the trichromatic coefficients has a 
negative sign, for example, 

S -- a A — ^B-f- yC, 
where a— /5-f y- 1. 

In order to meet, such cases and render the 
instrument universally applicable, it is necessary 
in constructing a trichromatic colorimeter to 
make provision for throwing light of any of 
the three standard (colours into the side of the 
field normally occupied by the test colour alone. 
Failure to make this provision in the early 
instruments greatly restricted their utility 
and prevented them from becoming wddely used 
for scientific or industrial purposes. 

The fact that the three instrumental standards 
are always red, green and blue has given rise 
to a popular belief that red, green and blue are 
prwiary colours, from which all others may be 
built up. As has been seen, this is an erroneous 
su})po.sition ; there are no three colours from 
which all others can be produced, though red, 
green and blue in combination can match a 
very large proportion of the colours of material 
objects. A secondary consequence of the general 
use of red, green and blue standards is that it is 
customary to denote them in colour quality 
equations by R, G, and B, instead of by the more 
general symbols liere used. 

For many years the only universal tri¬ 
chromatic colorimeter obtainable commercially 
has been the Ouild colorimeter (J. Guild, Trans. 
Opt. Soc. 1925-26, XNVII, 106). In this 
instrument the three standards are obtained by 
passing light from an opal-bulb gas-filled lamj) 
through specially selected red, gre(m and blue 
filters fitted in annular openings provided with 
adjustable shutters by which the effective 
length of each opening can be controlled. The 
light transmitted by these openings is gathered 
by a rapidly rotating periscopic prism which 
combines the three coloured beams on the axis 
of the optical system associated with the 
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matching field. When the speed of rotation cube F. The field of view provided by this 
is sufficiently rapid, flicker disappears, and a cube is a square subtending about 2° at the 
steady field is observed. Its colour is a mixture observation pupil H, and divided into two 
of the three standards. The relative amounts of horizontal portions, one of which is illuminated 
red, green and blue in the mixed stimulus by the beam from S, while the other contains 
are proportional to the lengths of the corre- the matching stimulus. The transparent plate 
spending apertures, and are read from scales J, which crosses the test beam, serves to super- 
attached to each shutter. Fig. 1 is a diagram- impose on this beam some additional light of 
matic view of the essential parts of this colori- the same colour as the red, green or blue 
meter. Cl) is the periscopic prism wdiich rotates standard, which may bo required, as already 
about the optic axis 1)E, along which ultima tely indicated, when measuring a colour one of whose 
passes the light collected by the peripheral end trichromatic coefiicients is negative. This light 
of the periscope as it rotates past the annular is collected by the right-angled prism L, passes 
windows shown in the end view. Fig. la. The to M, which reflects it through a small aperture 
specimen under test is mounted at S. Light in the wall of the instrument to the lens K 
from it enters the window I and passes through and plate J, at which part of it is reflected 
an oblique plate of clear glass J to the matching along the same path as the beam from the 



.H 

Fig. 1. 


specimen S. Between the prism M and the of the surface, remote from the direct unraixed 
aperture can bo fitted one of throe filters beams, is directed by a suitable optical system 
similar to those used for the standards. The to the matching field. This instrument has the 
light superposed on the test field can thus be advantage that there are no motor-driven 
given the colour of any one of the standards, parts. It is therefore silent in action and can be 
An annular photometric wedge N serves to built on a lighter and more compact scale. The 
adjust the intensity of the beam to the required provision for determining negative coefficients, 
amount. This wedge and also the three main and the auxiliary equipment generally, are on the 
shutters are operated by control knobs outside same lines as the corresponding features of the 
the instrument. Guild instrument. 

Recently another trichromatic colorimeter, Manfred Richter (Z. Technische Physik. 1938, 
designed by R. .Donaldson (Proc. Physical Soc. 19, 98) has described another trichromatic 
1935, 47, 1068), has been placed on the market, colorimeter which in principle is identical with 
The principles of operation arc the same as in the Donaldson instrument. 

the^ Guild instrument, the main difference in A trichromatic colorimeter in which the three 
design being in the method of mixing the three standard stimuli consist of monochromatic 
standard colours. In the Donaldson colorimeter radiations isolated spectroscopically has been 
the light entering by the three coloured apertures constructed by W. D. Wright (Trans. Opl^. Soc. 
is concentrated by a large condensing lens in a 1927-28, 29, 225). This type of instrument 
smaU opening in the side of a hollow sphere, has the advantages for some kinds of visual 
the inner surface of which is coated with research that the standards are more directly 
magnesium oxide. The colours are thoroughly defined in simple physical terms than standards 
mixed by the multiple reflections to and fro obtained with colour filters and, also, there is 
inside the sphere, and light from a small region loss compensation of certain types of visual 
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abnormality, a point of importance when 
the object of the work may be to reveal and 
Btudy these abnormalities. This last feature 
is, however, a disadvantage in applied eolori- 
nietry, where it is desirable to eliminate as far as 
may be practicable the visual peculiarities of the 
observer. For this class of work instruments 
with filter standards are preferable. They 
provide better compensation of minor visual 
abnormalities in tlie majority of practical 
cases and are on the whole less liable to give 
trouble in the hands of semi-skilled observt^rs. 

The trichromatic colorimeter, in one form or 
another, is the fundamental instrument on 
which all colour measurement is based. It 
alone makes direct use of the three-fold relation 
between the physical stimulus and the observed 
colour imposed by the characteristics of human 
vision. The great generality of the method has, 
however, stood in the way of its adoption for 
industrial purposes until quite recent years. 
The fact that a colorimeter could be con¬ 
structed with any three colours as standards 
and that no two instruments were ever made 
alike in this respect meant that results obtained 
on one instrument were not comparable with 
those obtained on another. The application of 
measurement to industrial needs requires that 
one set of standards shall be universally used. 
It would be unscientific, and in fac't impracti¬ 
cable, to adopt the standards peculiar to one 
instrument. Fortunatel}’, there is no need to 
do this. 

The relations between colours exhibited by 
their values on any one trichromatic system 
necessaril}^ originate in the relations between the 
excitations of the visual mechanism by the 
various stimuli, including the standard stimuli 
themselves. It follows that the values on 
systems with different sets of standards must be 
related, since the same phenomena of perception 
underlie them all. These relations are of a 
simple character and make it possible to convert 
colour values on any one trichromatic .system 
to any other, and we may adopt a set of reference 
standards which are not necessarily incorporated 
in any actual instrument and convert the 
measurements made on any trichromatic colori¬ 
meter to this reference system. The results 
will then be strictly comparable with those 
obtained on any other trichromatic colorimeter. 
The theory of such transformations was first 
outlined by H. E. Ives (J. Franklin Inst. 1915, 
180 , 673; 1923, 196 , 23), and is given more 
fully by Guild (Trans. Opt. Soc. 1924-25, 26 , 
95, 139). 

The first attempt to introduce this type of 
standardisation into colorimetry was made in 
Great Britain in 1925, when the National 
Physical Laboratory adopted as reference 
standards the three monochromatic radiations 
of wave-length 0-700 /x, 0-5461 pt, and 0-4358 /i. 
To meet the requirements of commerce, systems 
of measurement must have international recog¬ 
nition. These standards did not meet with 
universal approval in other countries because of 
the existence of negative coefficients in the 
expressions for some colours. As already said, 
this feature is common to all trichromatic 
systems with real colour standards. It is, 


however, possible to invent imaginary standards 
which have no real existence, but which are 
related to a set of real standards by relations 
of the same kind as those which connect two 
sets of real standards. By choosing suitable 
numerical coefficients in these relations we can 
define a reference system in which every real 
colour has all three trichromatic coefficients 
positive. In 1931 the Colorimetry Committee 
of the Commission Internationale de I’^^clairage 
adopted a standard system of this kind. Because 
the standards are not real colours, the common 
notation R, G, B was abandoned and replaced 
by X, Y, Z. The recommended symbolic form 
of the colour quality equation of a stimulus S 
on this system is 

S=^:rX+2/Y-f2Z, 

where a:-fy-fs=l. In a practical case, x, y, 
and z are replaced by the a})propriate numerical 
values. The National Physical Laboratory 
Report on any trichromatic colorimeter sub¬ 
mitted for test gives the constants necessary for 
converting measurements made with the instru¬ 
ment to the international reference system. 

Standard scales of measurement are not in 
themselves sufficient to ensure unique results 
for the colour of any given material. The 
colour of a material cannot be dissociated from 
the quality of the illumination in which it is 
viewed. Most coloured objects appear different 
in daylight and artificial light. The kind of 
illumination must be spec-ified for every colour 
measurement. Usually the term, (-olour means 
colour by cla y light, and comments, such as 
“ Purple objects look red in lamplight,” are 
accepted as reasonable because to most iK’iOple 
a purple object is one which has that colour by 
daylight. 'I'his is regarded as the real colour of 
the object and its appearance in another kind of 
illumination, though it is just as real, is regarded 
as misleading. 

For ordinary purposes of classification colours 
are measured as seen in daylight. Daylight 
is not, however, a satisfactory light for use in 
colorimetry; it is neither sufficiently constant 
in intensity nor in colour. Artificial sources of 
definite and reproducible spectral composition 
are required. Further, one such illuminant is 
not regarded as sufficient to meet the require¬ 
ments of commerce, and the Commission Inter¬ 
nationale has established three, which are 
designated standard illuminants A, B, and C. 
The first of these is simply a gas-filled lamp 
operated at a colour temperature of 2,848°K., 
and is to be used for the colorimetry of materials 
intended principally for use indoors in artificial 
light. The second and third are obtained by 
combining with this lamp one or other of two 
blue filters consisting of suitable salts in solution 
in glass containers. Illuminants B and C are 
similar in spectral constitution to two typical 
grades of daylight, one rather yellower and the 
other rather bluer than the average in this 
country. For the commercial colorimetry of 
materials whichever of these three illuminants 
is most likely to bo appropriate should be 
used, and whichever is used should be specified. 
Of course, for special purposes, special kinds of 
illuminant may be called for. 



300 


COLORIMETERS AND COLOUR COMPARATORS. 


The colours of many materials also depend to a 
considerable extent on the angle of incidence 
of the light and the angle from which they 
are viewed. Here again, special cases call 
for special treatment, but it is desirable to have 
standard conditions which may be assumed to 
hold unless otherwise stated. The Commission’s 
recommendation is that specimens shall be 
illuminated at 45" to the surface and viewed 
normally to the surface. Where the peculiar 
nature of a material or the nature of a problem 
under investigation requires departure from 
these conditions, those actually employed should 
be stated. 

When all conditions of measurement have 
been spccltied, there is still uncertainty in 
colour measurement arising from the variations 
of colour vision of observers. Despite state¬ 
ments which have been made to the contrary, 
any marked abnormality of vision is easily 
detected, and no person with serious deb'cts of 
colour vision should be employed in colorimetry. 
There arc, however, minor <iiH‘erences in colour 
vision among observers who cannot be classed 
as defective, and these cause systematic 
differences in their measurements. One great 
advantage of the trichromatic method of 
colorimi'try is that when the instruments are 
used in the proper manner there is considerable 
compensation of such systematic errors in the 
majority of practical cases, and the results are 
much less dependent on the observer than is 
generally supposed. Nevertheless, differences 
exist which, if not corrected, would seriously 
limit the utility of colour standardisation. 
In addition to the other standards a 
standard observer is also required, and the 
Commission has defined such an observer by 
means of tables showing the results w^hieh he 
would obtain if he measured the various colours 
of the spectrum. These are based on tables 
prepared by Guild (Phil. Trans. 1931, 230, A, 
149) from measurements made by a number of 
observers in investigations conducted separately 
by him and by W. D. Wright (Trans. Opt. 
Soc. 1928-29, 30, 141). By means of these 
tables it is possible to calculate the colorimetric 
values which would be obtained by the standard 
observer for any stimulus of known 8i)e<;tral 
energy distribution. In suitable cases, therefore, 
the standard values can be obtained for a speci¬ 
men by calculation. By having a few standard 
specimens of various colours calibrated in this 
way an actual observer, by measuring these 
specimens, can determine the nature and magni¬ 
tude of the corrections which his observations 
require. 

From the economical point of view it is not 
feasible to use this method of calculation in all 
cases and dispense with direct measurement on 
colorimeters. The spectrophotometric measure¬ 
ments required for the indirect method must be 
made with great accuracy, and if carried out on 
the usual types of equipment, these measure¬ 
ments, and the subsequent lengthy calculations, 
occupy a time greatly in excess of that required 
for a colorimetric measurement. For routine 
work the cost is prohibitive and the method can 
only be profitably employed for standardisation 
purposes. A. C. Hardy (J. Opt. Soc. Amer. 


1929, 18 , 96; 1935, 25 , 305) has devised an 
instrument for performing automatically all the 
operations involved in the spectrophotometric 
analysis of a specimen and the ftalculations of 
its colorimetric constants for any of the standard 
illuminants. The machine cannot be described 
in the space available hero. Despite its extreme 
complexity it appears to afford a satisfactory 
method of applying the indirect method to 
routine colorimetry. Its necessarily high cost is, 
howevc^r, an ohstacle to its wkh'spread use, and 
it cannot at present be regarded as an easily 
available substitute for visual colorimeters. 

Another line of development to which atten¬ 
tion has been given in recent years is the 
substitution of the human observer by a system 
of photo-electric receivers. It is possible to 
design an instrument of this kind which will 
give directly the values of y, and z in the 
standard colour-(juality equation of a si)ecimen 
without the auxiliary cahudations required when 
a visual colorimeter is used. The theory of such 
ar) instrument is sirnjdt; and is given fully in a 
pa})er on Colorimetry and its relation to Bhoto- 
metry by Guild (Trans. Illuminating Engineering 
»Soc. London, 1937, 2, 127), but the practical 
difficulties arc great and tliere is not yet any 
satisfactory photo-electric colorimeter on the 
market. 

Meanwhile various instruments, whose indica¬ 
tions consist of the responses of a photo-cell 
modified in spectral sensitivity by colour filters, 
have been put on the nuirket as colorimeters. 
In every case within the WTiter's knowledge the 
claim to this title is unjustified, there being 
no attemj)t, successful or otherwise, to incor¬ 
porate any of the essential properties of a 
colorimeter. Such ai)paratus is not, however, 
without its uses in a colour laboratory. For 
example, for checking the accuracy of repro¬ 
duction of a colour for which the same pigment 
is always used, or for any other test in which 
identity of colour implies similarity of physical 
and chemical properties, the responses of a 
photo-cell used in conjunction with two or 
more colour filters provide a rapid and accurate 
means of determining colour equality. But if 
attempts with such apparatus be made to com¬ 
pare colours prepared from different materials, or 
even from the same material by different 
methods of treatment, the results may bo most 
misleading. It cannot be too strongly em¬ 
phasised that in order to measure colour it is 
not sufficient to have an instrument the readings 
of which vary with colour. The readings must 
depend o7ily on colour and not on other factors. 
The same readings must always be obtained for 
colours which are visually identical irrespective 
of whether the spectral constitutions of the 
stimuli are similar or not. Further, it must 
never be possible for the instrument to give the 
same readings for colours which are not visually 
identical. Neither of these conditions can be 
fulfilled by a physical colorimeter unless the 
spectral sensitivity of the receiver, as modified 
by the various filters employed with it, is 
correctly related to the properties of the eye as 
defined by the tables constituting the standard 
observer. The complete recommendations of 
the Commission Internationale de I’ficlairage for 
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colorimetric standardisation are given in 
Compte Rendu des Stances, 1931, of the 
Commission (Cambridge University Press), 
and also, together with an account of the 
derivation of the system and instructions for its 
practical application, in a paper by T. Smith and 
J. Guild (Trans. Opt. Soc. 1931-32, 33, 73). 

From the nature of colour-quality equations 
on the trichromatic system it is easy to exhibit 
the relations of colours by a diagram. In the 
equation S=a"X-f y Y-f zZ wo know that 
x-\-y-\- Z" so an explicit statement of the 
values of any two of these coefficients implies the 
third and is sufficient to define the colour- 
C}uality. Colour-qualities may therefore be 
represented by points on a two-dimensional 
graph, using some pair of the trichromatic co¬ 
efficients as co-ordinates. In Fig. 2, for example. 



the curved line is the locus of points correspond¬ 
ing to the various 8y3ectral colours for the C.I.E. 
standard observer, using the x and y coefficitmts 
of the standard referenc^e system. The point E, 
for which represents the colour-quality 

of an equi-energy spectrum. The point A 
represents the colour-quality for which ar-0-3, 
y~0-5, and z (by implication)=0’2. A diagram 
of this kind has many uses. From its geo¬ 
metrical properties we can determine grajihically 
the colour resulting from the additive combina¬ 
tion of any group of two or more colours in 
any proportions. Details of such calculations 
are given in some of the papers already quoted. 
The diagram is also useful for studying the 
changes of colour which take place during the 
fading of a pigment, or the variation of colour 
with concentration, and so on. For example, 
if the colour-qualities of a fugitive pigment at 
various times after the beginning of exposure to 
a fading agency be plotted and the points so 
obtained be joined by a continuous line, the 
whole course of the fading process can be seen at 
a glance. It is also useful in such cases to plot a 
graph of the brightness factor against the other 
variable—time of fading, concentration, etc. 
With some pigments the change in fading is 
almost entirely a change of brightness factor 
with little change of colour-quality; with 


others the reverse is the case, while with many, 
both the brightness and colour-quality change. 
This method of studying colour phenomena has 
been much utilised in the research laboratories 
of the colour industries. 

Other types of colorimeter employing the 
principle of additive colour mixture have been 
described and used for special purposes. In 
some of these colours are matched by mixing 
white light with monochromatic light of suitable 
wave-length, e.g. the colorimeters of P. 0. Nutting 
(Bur. Stand. Bulletin, 1913, No. 9) and I. G. 
Brest (J. Opt. Soc. Amer. 1924, 8 , 173); in 
others by combining suitable j)air8 of mono¬ 
chromatic stimuli, as in the Vector colorimeter 
of Guild (Trans. Opt. Soc. 1925-26, 27, 139), 
and others which have since been developed on 
similar principles. All such methods derive 
their ultimate significance from the funda¬ 
mental trichromatic method, and results 
obtained by them can be converted to the 
standard trichromatic basis, and vice versa. 
None of these instruments is used in industry, 
as far as the writer is aware, and details of 
th<‘ir construction is omitted from this article. 

A somewhat different method of colour 
measurement, which also in principle depends 
on the additive mixing of standard stimuli, is 
employed in the Ostwald system of colorimetry. 
In this system a colour is expressed by the 
equation C-1-W-|-B“l, where C is the amount 
of full colour, W the amount of v}hite, and B the 
[ amount of blacky expressed as proportions, 
required to match the colour. 33ic “ full 
colours ” consist of a series of colours of fairly 
high saturation ranging in hue from the red 
of the spe(;trum through orange, yedlow, green 
and blue to violet, and thence through purple, 
magenta and cerise back to red. These colours 
form what Ostwald terms the chromatic circle. 
A mixture of one of the full colours with white 
produces various degrees of paleness of colour, 
while admixture with black reduces the bright¬ 
ness. Important claims are made for this 
system, not the least of which is that it is the 
only system of colour specification which takes 
account of the psychological and aesthetic aspects 
of colour. It may be stated, however, that 
these considerations are extraneous to the 
principles of colour measurement as developed 
in Great Britain and the United States and 
embodied in the international system. The 
subjective relations of dissimilar colours are the 
proper concern of the user of colour—the artist, 
architect, etc.—who aims at obtaining certain 
aesthetic effects by his manipulation of colours; 
but they are not the concern of the colorimetrist, 
who may only take account of those relations 
which are necessary and sufficient to provide a 
basis of classification fulfilling the fundamental 
requirements of measurement. The only sub¬ 
jective relation which is required, or which is 
permissible, is the relation involved in colour 
matching—that of appearing alike both in colour 
and brightness. For practical measurement on 
Ostwald’s system examples of the standard 
full colours are necessary. These are generally 
supplied as specimens of dyed wool mounted on 
slides convenient for insertion in a suitable 
optical instrument. When the appropriate full 
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colour has been found by trial the coefficients 
in the Ostwald equation have to be determined. 
The methods employed are somewhat com¬ 
plicated and are given in Part IT of Ostwald’s 
book “ Colour Science,” of which an English 
translation by J. Scott Taylor has been pub¬ 
lished by Messrs. Windsor & Newton. Equip¬ 
ment for colorimetry by Ostwald’s method can 
be obtained as accessories to the Zeiss-Pulfrich 
photometer, to bo described later in another 
connection. 

In addition to the methods of colorimetry 
based on the additive combination of standard 
stimuli already described, colour matching can 
also be effected by passing white light through a 
number of colour filters in succession. The first 
filter subtracts some of the spectral constituents 
from the w^hite light ; and what is left is robbed 
of something more by each succeeding filter, 
with corresponding changes of colour. This is 
termed the subtractive method of colour mixing. 
Colours formed in this way arc in no sense a 
mixture of the colours of the individual fdters as 
is the case with additive mixtures. In a 
trichromatic colorimeter, for example, all of 
the light transmitted by each filter (if a filter 
type of instrument is used) goes to the matching 
field and contributes to the colour seen there. 
The details of the spectral absorption of the 
individual filters are immaterial ; it is their 
colours alone which matter. With the sub¬ 
tractive method the colours of the individual 
filters are immaterial ; it is the nature of their 
spectral absorption curves that matter. For 
example, a certain blue glass and a certain 
yellow glass in scries may transmit green light. 
This happens because the blue glass transmits 
the blue portion of the spectrum, a considerable 
proportion of the green, and none of the red; 
while the yellow glass transmits no blue, but 
varying proportions of the green to red region. 
The only part of the spectrum which both 
glasses transmit is the green, and it is a common 
mistake to think that any blue filter and any 
yellow filter will give green in combination, as it 
would be possible to have two fdters, identical in 
their colours with those just considered, which in 
combination would let through no light at all. 
This would be the case if the yellow filter, instead 
of transmitting a broad spectral region including 
the green and rod, transmitted only yellow light 
confined to a narrow range of wave-length. 
More must be known, therefore, about filters 
than their individual colours before the colours 
of subtractive combinations can be predicted. 
Each filter must transmit light to varying 
extents over a large region of the spectrum in 
order that some parts may be transmitted by aU 
of them. Filters may be found with the 
necessary properties, and the first successful 
attempt to utilise this principle for colour 
measurement was made by J. W. Lovibond 
(“ Measurement of Light and Colour,” Geo. Gill 
& Sons, London) in the instrument known as the 
tintometer. In this instrument the light from 
the specimen enters one side of the matching 
field while light from a white diffusing surface, 
after passing through various coloured glasses in 
series, enters the other. There are three sets of 
these glasses. In appearance they may be 


I roughly described as red, yellow and blue, the 
red having a tinge of blue in it. Each set 
consists of a series of glasses of graded density, 
marked with a number proportional to the 
density. That is to say, the glass marked 10 
should have the same colour as ten glasses 
marked 1, or of a glass marked 4 and one marked 6, 
and so on. The numbers of the different sets 
are so related that a combination of similarly 
numbered members of each set is of a neutral 
grey colour. In the original form of the tinto¬ 
meter the glasses were supplied separately 
and had to be selected and dropped into 
appropriate slots in the body of the matching 
instrument, which was of a simple form, having 
as comparison fields two rectangular slots some 
distance apart. The full set of glasses for use 
with this equipment contained 15.5 members of 
each series, graded from 0-01 to 20*0, or 465 
glasses in all. This degree of subdivision is 
superfiuous, and in the most recent model of 
the tintometer, known as the British Drug 
Houses’ pattern, 60 red, yellow, and blue glasses, 
and 12 neutrals are supplied. These arc fitted 
in sliding frames in a matching instrument, 
which has the comparison fields juxtaposed, 
giving greater accuracy of matching than the 
older models. In using the tintometer an 
attempt is made to match the light from 
the specimen by a suitable combination of red, 
yellow and blue standards interposed in the 
beam from the standard white plate. If the 
brightness factor of the specimen is not too 
great this can be accomplished. If the specimen 
is too bright to be matched in this way, neutral 
glasses are inserted in the beam from the 
specimen, the density being increased until it is 
possible to effect a match with a combination of 
two standards in the other beam. The method 
of reduction of observations recommended by 
the makers is based on the following considera¬ 
tions. Any combination of red and yellow 
glasses alone produces hues intermediate 
between red and yellow, passing through 
orange-red, orange and yellow-orange. Com¬ 
binations of yellow and blue pass through 
yellow-green, green and green-blue, while 
combinations of red and blue pass through red- 
violet, violet and blue-violet. Suppose a 
specimen matched by 6-0 red, 12-0 yellow and 
1-5 blue. The smallest of these numbers is first 
subtracted from all, giving the result as 1*5 
plus 4-5 red plus 10-5 yellow. The 4*5 red is 
then associated with an equal amount of the 
yellow, 3 delding the resultant 4-5 units of orange, 
and, as the final designation of the colour, 1-5 
neutral plus 4-5 orange plus 6-0 yellow is 
obtained. If, on the other hand, it is necessary 
to darken the specimen with, say, 0*03 neutral, 
and that this is matched by 4*6 red and 3*6 
blue, the 0*03 units of neutral tint are listed 
separately as brightness while the colour on the 
other side is analysed as 3-5 violet and 1*0 
blue. 

In the latest model of the tintometer the 
brightness adjustment is effected independently 
of the Lovibond glasses. This enables the 
colour match to be made with glasses from not 
more than two of the three series and eliminates 
the use of neutral glasses. This modification 
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greatly increases the facility and accuracy of 
the measurement. The illuminant provided is 
the C.I.E. standard B, and the direction of 
illumination and observation are also those re¬ 
commended by the Commission. Any measure¬ 
ment made with this instrument can, of course, 
bo converted to the C.I.E. trichromatic system 
by calculations based on the spectral absorption 
of the Lovibond glasses. The necessary cal¬ 
culations may bo made once and for all, and 
the results incorporated in charts from W'hich 
corresponding values on the two systems may 
bo read directly. Such charts have now been 
prepared by the makers. 

Many special models of the tintometer for 
limited purposes are also made. These are 
supplied with a small number of standard 
glasses specially adapted for the purpose on 
hand, such, for instance, as the measurement of 
X-ray dosage by the Sabouraud-Noii-e pastille 
method ; the acid washing tests of coal tar frac¬ 
tions ; the tests of petroleums and lubricating 
oils ; the evaluation of vitamin-content of cod- 
liver oil; or Nessler’s ammonia test, and many 
others. It is probably in these restricted forms, 
where, owing to the small range of glasses re¬ 
quired, the apparatus can be 8upj)lied at a much 
lower price and in more compact form than any 
universal colorimeter, that the tintometer is 
most widely used. The degree of reproducibility 
of different sets of Lovibond glasses, though by 
no means so good as is sometimes claimed, is 
nevertheless fairly satisfactory. Any Lovibond 
measurement can be converted to the C.I.E. 
trichromatic system by calculations based on 
the spectral absorption characterising the glasses. 

In the Eastman colorimeter^ devised by L. A. 
Jones (J. Opt. Soc. Amer. 1920, 4, 420), the 
same principle of colour measurement is 
employed. The graduated scries of coloured 
glasses used in the tintometer are here replaced 
by three coloured wedges which vary in density 
from one end to the other. The absorptive pro¬ 
perties of the wedges are similar to those of the 
red, yellow and blue series of Lovibond glasses. 

In concluding this brief account of colour- 
measuring apparatus and the principles on which 
they operate, it must be insisted that the 
successful application of colorimetry to the 
problems of industry is impossible without 
adherence to a rigorous system of standardisa¬ 
tion as regards conditions of test, and the form 
in which results are expressed. The degree of 
standardisation effected by the Commission 
Internationale de I’Eclairage, though not yet 
perfect, embodies the pooled experience of the 
standardising laboratories of the principal 
industrial nations. Their recommendations con¬ 
stitute a necessary minimum, and should be 
strictly followed by everyone employing colori¬ 
metric methods in industry. New instruments 
should not be adopted because of ease of 
manipulation or precision of repetition unless 
they are designed to work under the standard 
conditions of the C.I.E., and unless it is possible, 
by suitable methods of conversion, to express 
any result obtained with them on the standard 
reference system. 

Colour Comparators. —Instruments of this 
class, often misnamed colorimeters, are mainly 


used for the estimation of substances in solution. 
The many specific tests of this kind to which 
colour comparators are applied in chemical 
and biochemical laboratories do not come 
within the scope of this article, which is con¬ 
cerned only with instruments and the principles 
of their use. One of the simplest devices for 
work of this kind is merely a series of test- 
tubes containing solutions of known and 
graded concentrations of the substance to be 
estimated. The solution of unknown concen¬ 
tration is put in a similar test-tube and visually 
compared with the tubes of known concentra¬ 
tion until that nearest to it in colour is found. 
This method is capable of surprisingly good 
results if the standard solutions are suitably 
graded and is still used in many laboratories. 
Nevertheless, more precise results are to be 
expected if an optical 
comparator is used, 
and such instru¬ 
ments have been de¬ 
signed. Many of the 
earlier forms were of 
crude design, and it 
is doubtful if they 
effected an increase in 
accuracy sufficient to 
compensate for the 
extra complexity of 
technique. Omitting 
an historical resume, 
only typical instru¬ 
ments illustrating the 
various principles 
which are employed 
for chemical estima¬ 
tions by colour or an 
equivalent criterion at 
the present time will 
be described. 

Probably the best 
known instrument is 
the Duboscq colori¬ 
meter^ which is based 
on a principle also 
used in instruments 
by Patterson (J.S.C.l. 

1890, 9, 36) and 

Schreiner (J. Amer. 

Chem. Soc. 1905, 27, 

1192). Fig. 3 is a diagram of the optical 
system used in a modem model of the 
Duboscq instrument. E is an eyepiece, focussed 
on the sharp edge of a Ulbricht-prism U, which 
consists of the major portion of a rhomb 
of clear glass. Pj and Pg are plungers 
consisting of glass rods with plane polished 
ends. These dip into cups and Cj, the lower 
ends of which are plane-parallel glass plates. The 
plungers are fixed but the cups can be inde¬ 
pendently moved up and down by rack and 
pinion adjustments, scales being provided 
which indicate the distance from the bottom 
of each cup to the end of the plunger which it 
surrounds. M is a mirror, inclined to the plane 
of the diagram, which throws light vertically 
upwards. The beams passing through the cups 
and plungers follow the directions indicated 
by the broken lines, and illuminate the two 
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halves of the field of view, which are sharply 
divided by the top edge of the Ulbricht rhomb. 
When both cups are empty the light losses in 
the two paths are equal, so if the illumination is 
properly adjusted the two fields will appear 
equally bright and the dividing line should be 
nearly invisible. A solution of known concen¬ 
tration is put in one cup, which is adjusted 
until the length of liquid column traversed by 
the light has some convenient value. The 
solution of unknown concentration is put in 
the other cup, which is racked up or down 
until the two fields exactly match in colour. 
If the unknown concentration is the same as 
that of the standard the match will occur when 
the liquid columns are of equal length. If the 
concentratioTIS differ the lengths will differ 
and the unknown concentration is deduced 
from that of the standard by assuming Beer’s 
law that for a given colour the product of the 
concentration and the thickness of the absorbing 
layer is constant. This, the normal method of 
using the colorimeter, requires the preparation 
of standard solutions of the test substance. If 
these are unstable, they must be fre(piently 
renewed. To obviate this need more per¬ 
manent standards for various colorimetric 
estimations may be made from coloured glass, 
or from solutions of some other substance, 
having the same colour as a specified con¬ 
centration of the test substance. Such standards 
may differ in their spectral absorption curve 
from that of the test substance, in which 
case the colour match will depend on the 
observer’s colour vision and on the spectral 
quality of the illumination. Difficulties from 
the latter cause may be avoided by preparing 
and using the standards with an illumination of 
definite spectral energy distribution, one of the 
C.I.E. standards, for example. Standard 
illuminant B will give more sensitive colour 
discrimination for the majority of estimations 
than either A or C. 

In cases where the test solution does not 
accurately obey Beer’s Jaw, there may be an 
advantage in using standard solutions of some 
other substance, even when this is not dictated 
by other considerations. If a standard solution 
of suitable colour can be prepared from con¬ 
stituents which do obey the law, we can reverse 
the usual procedure and vary the depth of the 
standard solution, maintaining a fixed specified 
depth for the test solution. 

The Autenrieth’Konigsherger colorimeter 
(Chem. Zentr. 1910, 1, 2032) operates on the 
same principle as the Duboscq, though the 
matching arrangements are quite different. 
Light enters the instrument by two horizontal 
slits. Behind one of these is a parallel-sided 
glass cell containing the test solution, and 
behind the other a long wedge-shaped cell 
containing the standard solution. The wedge 
cell can be moved past the slit by a rack and 
pinion adjustment, a scale indicating the thick¬ 
ness of liquid traversed by the beam. The two 
beams are brought together by a suitable 
optical system to illuminate the two halves 
of the matching field. Beer’s law, applied to 
the standard solution, provides the relation 
between colour, concentration, and thickness 


from which the result is deduced. Here also, if 
the standard is of different material from the 
test solution. Beer’s law need only be true for 
the standard and not necessarily for the test 
solution. 

An alternative method of visual estimation, 
which has the advantage of requiring no 
standard solutions except for the initial calibra¬ 
tion of the apparatus, employs instead of a 
colour mat(^h a brightness match in approxi¬ 
mately monochromatic light. The colorimeter 
of van den Bergh and Grotepass is similar in 
design to the Duboscq except that a single rack 
and pinion adjustment moves both cups simul¬ 
taneously, maintaining both liquid columns of 
equal depth. One cup is filled with the test 
solution and the other with the pure solvent. 
A rotatable disc carrying five neutral filters 
made from gauze of known transparency is 
fitted in the path of the beam which traverses 
the solvent, and above the eyepiece another disc; 
carric's eight colour filters transmitting only 
small spectral regions. The depth of the 
liquid ('oJumns is brought to some predeter¬ 
mined value, and the colour filter whose band of 
transmission is nearest that })art of the spectrum 
for wdiich the absorption of the test solution is 
greatest is brought over the eyepi(H;c. The 
fields now appear of the same colour but diff er 
in brightness. The various gauze filters are 
inserted in the comparison side until one is 
found which gives the clos€;8t approximation 
to a brightness match. Any residual difference 
in brightn€*ss is removed by a small adjustment 
of the depth of the liejuid columns. It will be 
observed that this method eliminates the 
absorption of the solvent as both beams always 
traverse the same thickness of li(|uid. The 
relative sensitivity of these methods depends 
on the nature of the spectral absorption of the 
teat substance. In some cases a colour match 
gives the more sensitive criterion of concentra¬ 
tion and in otliers the monochromatic brightness 
match. It is useful to be able to apply which¬ 
ever of these methods is more sensitive in any 
given case, and a Duboscq or Autenrioth 
colorimeter can be used by the second method 
with the aid of a set of colour filters and a 
series of neutral filters, either of gauze, as used in 
the van don Bergh-Grotepass instrument, or of 
lampblack in gelatine. The exact equality of the 
liquid columns maintained in that instrument, 
though a useful feature, is not a primary require¬ 
ment, and may be achieved sufficiently closely 
by simultaneous independent adjustment of the 
cups of a Duboscq type of instrument. 

The FvXJrich photometer (“ Licht und Lampe,” 
1925, No. 3) or Stupho j)hotometer, as it is alter¬ 
natively termed, (;an be used for a wide variety 
of purposes including chemical estimations 
either by colour match or monochromatic 
brightness match. Its optical system is illus¬ 
trated in Fig. 4. Two beams of light, A and A', 
enter the instrument via the lenses Lj, Lj', 
and then pass through diaphragms D, D'. 
These diaphragms constitute the essential 
measuring part of the instrument. The aper¬ 
tures are square and can be varied in size, 
while still remaining centred on the two optic 
axes, by means of micrometer screws provided 
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with large drums outside the box graduated to 
read the areas of the apertures directly. These 
areas determine the amounts of light which the 
apertures transmit. This light is collected by 
the field lenses Lg, Lg', and the two beams are 
brought together by the internally reflecting 
prisms P, P', to provide uniform illumination 
of the two sides of the matching field formed by 
the biprism B, the ridge of which is focused 
by the eyepiece E and constitutes the dividing 
line. A rotatable disc {not shown) contains 
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Fig. 4. 


eight spectral colour filters any one of which, or 
a clear blank, may be brought into positions 
over the aperture F. 

The instrument can be used either horizontally 
or vertically. In the latter case the light beams 
are directed upwards by an inclined mirror 
fitted to the base. For chemical estimations 
by colour match special cells are supplied. 
These consist of tubular glass walls fused to 
optically plane base-plates and fitted with 
dipping covers which give definite fluid thick¬ 
nesses of 1, 10, and 50 mm., and a cell in which 
the thickness can be varied by a solid glass 
plunger which can be made to descend to 
various depths by rotation of the cover. The 
test solution is put in this cell and the standard 
solution in one of the invariable cells. The two 
fields of the photometer are made to match in 
intensity for white light. This can be done 
either by independent adjustment of the drums 
or by setting the drums to equal readings and 
adjusting the position of the illuminant until 
both fields are equally bright. The cells are 
then inserted in the beams (a suitable stage is 
provided) and the colour match obtained 
by varying the depth of the test solution as 
VoL. Ill,—20 


with the Duboscq colorimeter. For the mono¬ 
chromatic brightness method two similar ct^Us 
of equal depth, respectively containing the 
test solution and the solvent, are used. The 
most suitable monochromatic filter is inserted, 
and the intensity of the brighter field is reduced 
by operating the appropriate drum until a 
brightness match is obtained. 

Accessory attachments for various other 
types of measurement can be obtained for the 
Pulfrich photometer. Reference has been made 
earlier to its use in conjunction with the Ostwald 
colour standards. Description of these other 
functions of the instrument would, however, 
be outside the scope of this article. 

The monochromatic brightness matching 
method of estimation clearly reduces to a 
determination of the ratio of the transmissions 
of a specified thickness of the test solution 
and of the pure solvent for approximately 
monochromatic light within a selected wave¬ 
length range determined by the filter used. 
The method lends itself readily to accomplish¬ 
ment by purely physical means. An extremely 
simple method is to employ a photoelectric¬ 
cell, of the rectifier type commonly used as 
photographic exposure meters, and a quick- 
response galvanometer having a steady and 
reproducible zero. (!ells containing the solution 
under test and the solvent are ])laccd in succes¬ 
sion in the path of a beam of light from a small 
gas-filled lamp, such as a 5U-watt motor car 
headlight lamp. The appropriate member of 
a set of spectrum filters is also inserted in the 
beam. The relative transmissions of the test 
solution and solvtuit for this light may bo 
deduced from the ratio of the galvanometer 
deflections obtained. If care is taken to 
arrange the optical system so that the beam 
passing through the liquids is approximately 
collimated, and is not obstructed or scattered 
by the walls of the licpiid cells, and so that the 
beam falling on the surfaces of the receiver is 
not displaced on interdianging the cells, very 
satisfactory results can be obtained. 

Photo-cells of the kind mentioned require no 
batteries or auxiliary electrical equipment. 
Various types difl'er greatly in sj)ectral response. 
For this purpose those with selenium surfaces 
are best, as they have a fairly good response 
throughout the visible speidrum. (Jompact 
self-contained colour comparators employing 
rectifier photo-cells are now sold by several 
British makers; see article on Optical Instru¬ 
ments shown at the twenty-eighth annual 
exhibition of the Physical Society in January 
1938 (J. Scientific Instruments, 1938, 16, 
65). 

For tests of solutions the maximum absorp¬ 
tion of which is outside the visible spectrum a 
rectifier cell is unsuitable. If the absorption 
is in the infra-red, a thermopile may bo sub¬ 
stituted for the photo-cell, and, for the ultra¬ 
violet, a photo-cell of the emission typo, but a 
difficulty arises in the great scarcity of filters 
suitable for isolating narrow spectral regions in 
either the ultra-violet or infra-red spectra. 

Moll, Burger and Reichert (J. 8ci. Instr. 
1935, 12, 148) have devised a “ spectroscopic 
absorptiometer ” which can be used at any 
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part of the i)hotographable Hpectrum. The 
essential parts are illustrated in Eig. 5. A 
source giving a continuous spectrum in the 
required spectral region is mounted about 60 cm. 
from the quartz lens L. The light transmitted 
by the lens is restri('ted by diaphragms to two 
cir<mlar beams of srnalk^r diameter than the 
cells C, which hold the test solution and 
solvent. On emerging from the cells the beams 
are deflected to the slit of a spectrograph by 
the quartz rhomboidal prisms P, P^ which are 
mounted one above the other. This slit is of 
special design, consisting of seven short slits in 



line. One of the beams—that through the 
solvent—illuminates a short slit about 0*5 
mm. square. The other beam illuminates a 
series of six slits, each 0*5 mm. long, separated 
by 1 mm., and varying in width from about 
0-5 mm. downwards, the width being halved 
at each step. Seven narrow' spectra are therefore 
obtained at one exposure. One of these is of the 
light transmitted by the test solution, the other 
six, which vary in density in accordance w'ith 
the widths of the slits, is of the light transmitted 
by the solvent. If at a particular wave-length 
the photographic density in the test spectrum is 
found to be the same as that in the comparison 
spectrum from a slit the width of which is only a 
quarter of that of the test slit, it can be deduced 
that the illumination per unit area of the com¬ 
parison beam is four times us great as that of the 
test beam, and that the relative transmission of 
the solution to that of the solvent is, therefore, 
25%. The use of a microphotometer for 
determimition of plate densities is recom¬ 
mended. This not merely increases the accuracy 
of the comparison, but enables interpolation 
to be performed. For work in the ultra-violet a 
source giving a continuous ultra-violet spectrum, 
such as a high-intensity hydrogen lamp, must 
be employed. The photographic method is not 
nearly so convenient as visual methods, or 
direct-reading physical methods, but is prac¬ 
tically the only one which can be satisfactorily 
used in the ultra-violet region of the spectrum. 

J. G. 

COLOUR AND CHEMICAL CON¬ 
STITUTION. The sensation of colour is 
produced by the action on the retina of the eye 
of some portion of white light which has been 
scattered through the agency of a medium by 
which the light has been dispersed either by 
refraction or during transmission. Of the seventy 
or so octaves of the electromagnetic spectrum 
which have been mapped, only one, namely, that 
between 3,900A'' and 7,6(X)A°, represents the 
visible spectrum, or, in other words, the retina 
is only sensitive to wave-lengths within the 


octave. White light need not be altered in 
any way by reflection or transmission from or 
through a medium and may thereby bo quite 
unaffected. On the other hand, certain irre¬ 
gularities of surface or certain properties of a 
solution may lead to the absorption of a portion 
of white light causing the rays refracted or 
transmitted to have colours which are com¬ 
plementary to those which are absorbed. 

Such colour, which may be termed “ physical 
colour ” bcjcause it is produ(;cd by physical 
means and is entirely independent of chemical 
structure, is shown by a variety of natural 
substances, such as blue eyes, the coloured 
feathers of a bird, the brilliant green reflex of 
the wing cases of certain beetles, the colour 
of butterflies’ wings, and of the rainbow. This 
type of colour can always be recognised, for 
example, in a bird’s feather, by the fact that 
the colour is only produced by diffraction, and 
disappears when the object is viewed by 
transmitted light. There is, however, a typo of 
colour which may be regarded as chemical in 
origin, that is to say, it is produced by intra¬ 
molecular interference such as that already 
mentioned. It is, therefore, dependent on 
molecular structure, that is to say, on chemical 
constitution, and is the typo of colour with 
which this article deals. This kind of (iolour 
also occurs naturally as hfemin, the colouring 
material of blood; as chlorophyl, the colouring 
matter of green grass and as most of the colours 
found in coloured flowers. These la.st can be 
extracted from the object in whidi they ocumr, 
usually as glycosides, in whi('h the pigment 
is present in combination with one or more 
molecules of a monosaccharide. 

It w’as clearly understood that the distinction 
between the different kinds of colour mentioned 
in this article is made merely as a matter of 
convenience; there is, of course, no real difference 
between them except in the method of 
production. Moreover, there is no sharp 
division in the matter of their natural occur¬ 
rence, because the feathers of certain parrots 
have been found to contain extractable pig¬ 
ments. A chemical substance appears coloured 
when it gives definite absorption bands in the 
visible region of the spectrum, the colour being 
compounded of the colours which remain 
after those represented by the absorption bands 
have been removed. A blue (;olour is given, 
therefore, by a substance which gives an 
absorption band in the red, yellow, and green—a 
red colour by one showing absorption in the 
blue end of the spectrum. 

It is obvious, however, that phenomenon of 
this kind cannot be confined to the single octave 
representing the visible spectrum, but must be 
spread over the whole range. of the electro¬ 
magnetic spectrum. Unfortunately, we have no 
means of detecting absorption bands outside 
the visible region, except in the ultra-violet 
so far as it is susceptible to the photographic 
plate, and in the infra-red so far as they can 
be detected by heat measurements. There 
must, therefore, be a wide range of substances 
outside the visible region, which since they 
give no absorption in this region are apparently 
colourless, but on account of the fact that they 
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give absorption outside the visible region are 
to bo regarded as possessing “ invisible ” 
colour, or, in other words, colour that cannot be 
detected by the eye. 

The hydrocarbon benzene (CgHg) is a rase 
in point. This substance shows little absorp¬ 
tion throughout the visible region of the 
spectrum, and therefore appears colourless 
to the eye. If, however, a photograph is 
taken in the ultra-violet region it is found 
that definite marked absorption bands occur, 
meaning that if the eye could detect waves in 
this region benzene would be strongly coloured. 

It is assumed that this absorption is caused 
by the rhythmic interchange between the two 
“ Kekulo ” individuals I and II, which re]>re- 



1. II. 


sent the formula of benzene, and accounts 
for its symmetrical properties as w^ell as its 
stability. It is common to all derivatives in 
which this interchange is possible. If, however, 
the interchange is restricted as, for example, 
when benzene is oxidised to cjiiinone, the ultra 
violet absorption is influenced, and the absorp¬ 
tion thrown into the visible region of the 
spectrum thus producing colour, 'faking, there¬ 
fore, two comparable examples in hydroquinone 
and quinone, there is in the one the rhythmic 
vibration due to the benzene structure, and in 
the other the absence of such vibration and the 
occurrence of colour. 


O 



O 


Rhythmic vibration producing Rhythmic vibration pro- 
ultra-violet absorption but ducing absorption in 
no visible colour, the visible region of 

the spectrum. 



Deep rf'd siibsl-anco showing 
niark(*d ab8ori)tion in the 
visiblo region but dimin- 
Islicd ultra-violet absorp¬ 
tion. 

and also by the colouring pigments of certain 
flowers, which may be red or blue depending on 
the formula of the anthocyanidin present: 


Cl 



It follow's, therefore, that absorption in the visible 
region of the spectrum, and the occurrence of 
visible colour, are mainly dependimt on the de¬ 
gradation of certain forms of rhythmic* vibration, 
and if this is true it follows that aromatic sub¬ 
stances, that is to say, the derivatives of benzene 
and allied hydrocarbons in wdiich rhyt hmic vibra¬ 
tional movement can occur, are the only sub¬ 
stances from which compounds having visible 
colour can be obtained. But this is not the 
case, because many aliphatic substances are 
also visibly coloured, as, for example, diacetyl, 
CH3 CO CO CH3, glyoxal, CHO—CHO, and 
so forth. An examination of such substances 
shows, however, that they are all compounds 
having a conjugated system of double linkages, 
and on this account are allied to benzene: 


Still more striking examples of this change are 
shown by phenolphthalein; 



Colourless " crystalline substance 
showing marked ultra-violet ab¬ 
sorption. 



°^CCH 

j 

j 

0^ 

Glyoxal. 

Diacetyl. 


HC 

/VcH 



HC 


Benzene. 


It is possible, therefore, that some kind of 
rhythmic vibration, such as that which gives 
rise to the ultra-violet absorption of benzene, 
is also present in these cases, for example : 




in 
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but that the interchange, being too feeble to 
lead to ultra-violet absorption, shows its 
influence in the visible region only. Perhaps 
this explanation supplies a reason why certain 
substances 'which should contain the conjugated 
chain are colourless, for example, ethyl oxalate 
(I); the reason being that there is no tendency 
in this case for the substance to assume the 
tautomeric form (II), and rhythmic vibrations 
are therefore absent. 


^C—OCoH. 

I 

O^C-OC,H, 

I. 


.C—OC 2 H 5 

II. 


It is not proposed to deal in this article with 
the case of occurrence of colour in inorganic 
compounds. The molecular condition of these 
substance^s is so complicated that it is not 
possible in our present state of knowledge to 
envisage what may happen when a beam of 
white light ])asses through, or is reflected 
from, an inorganic crystal in sindi a way that 
the emerging beam is coloured, l^sually the 
cause of colour may be ascribed to the pre¬ 
sence of a coloured ion, such as, for example, 
chromium or copper, but even the molecular 
condition of the salts of these elements varies 
sufflciently to cause colourless substances to be 
produced from them by simple reactions. 
Thus, although co])per sulpliate is blue under 
normal conditions, it loses all visible colour 
when the five molecules of water of crystallisa¬ 
tion are removed by heat. 

General Outline. —The first synthetic 
dye (mauve) was produced by Sir W. H. Perkin 
in 1856. This branch of synthetic chemistry 
developed with great rapidity, and in the next 
twenty years the first members of many 
important groups of dyes had been prepared, 
e.g. fuchsin (1856), rosaniUn blue (I860), and 
alkylated triphenylmethane dyes (1861-1866); 
Bismarck brown (1863), chrysoidine (1875), and 
naphthol orange (1876) in the azo- group; 
Martins yellow (1864) in the nitro- group; 
Magdala red (1868) in the azine series; alizarin 
(1860) of the anthraquinone group; fluorescein 
and eosin (1871) representing the phthaleins; 
and Lauth’s violet (1876), foreshadowing the 
thiazines. By this time sufficient material had 
been accumulated to allow the formulation of the 
well-known Witt’s rule” (1876), according to 
which substances attained the potentiality of 
colour when their molecules contained certain 
atomic arrangements or groups, which Witt 
termed chromophorea. The colour and dyeing 
properties were made manifest by the intro¬ 
duction of additional groups termed auxo- 
chromes. 

Witt pointed out (Ber. 1876, 9, 622) that 
two things are required to confer on an 
organic substance colour and dyeing properties. 
The molecule must possess a certain grouping 
of atoms to give it the potentiality for colour, 
and it must also possess a salt-forming radical 
to bring out the colour and dyeing properties. 
The atomic groupings giving the potentiality of 


colour he termed chronwphores, and molecules 
containing them were called chromogens. He 
specified the following chroraophores and gave 
illustrations of chromogons containing them : 


Chromophorea. Chromogens. 


NOjj 


CeH^-NO, 

—N- 

N— 

CjHj—N = N—C.H, 

—CO 

— 

XO. 

>C,H, 




CeH, 

CO 


1 

1 

1 1 \C.H,OH 

CO- 

0 

CO—0 * * 


It will be noticed that some of the chromogens 
are colourless, e.g. nitrobenzene and phenol- 
phthalein, whilst others have a feeble colour, 
e.g. azo-benzene and anthraquinone; but 
none of the chromogens has any dyeing property. 
The colour is developed or strengthened by the 
introduction of salt-forming radicals into the 
chromogens. These radicals he therefore termed 
auxochromes. Hydroxyl-, amino-, and sub¬ 
stituted amino-groups can act as auxochromes, 
while sulphonic and carboxyl groups are with¬ 
out this function. The following table shows 
how the chromogens already mentioned are con¬ 
verted into dyes by the introduction of auxo¬ 
chromes : 


Chromogen. 

CeH^NO, 


CeHj-N = N-C,H5 


Bye. 

C6H4(N02)0H 

Nitroplieiiol. 

CeH,(NO,)NH, 

Nitraniline. 

CgHg-N^N-CeH^OH 

Beuzene-azo-phenol. 

CeH5-N = N-C,H,NH, 

Aniline yellow. 


.CeH,OH .C,H 

I I^C.H 

CO—O ® ^ CO—o 



Fluorescein. 


WTtt’s Rule is an admirable “ working 
hypothesis ” but it deals only with the con¬ 
nection between a coloured substance and its 
capacity for affixing itself to the textile fibres 
and leaves all questions concerning the cause of 
colour in the chromophore unanswered. Nor, 
indeed, is the “ vibration hypothesis ” men¬ 
tioned above anything more than a reference to a 
physical condition which is not clearly under¬ 
stood. 

The Quinonoid and Modified Quinonoid 
Theories. —In 1888 (Proc. Chem. Soc. 1888, 
27-33) H. E. Armstrong pointed out that the 
chemical formulas of the well-known dyestuffs 
either contained the quinonoid grouping or 
could be slightly modified or rearranged, in 
accordance with accepted ideas on tautomerism, 
80 as to contain this grouping. The quinonoid 
grouping may be defined as a benzene nucleus 
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to which other atoms or groups are attached by 
double bonds in the 'para- or ortho- position : 



Armstrong was probably much impressed 
by the then recently discovered fa(;t that 
benzene-azo-j9-naphthol was identical with 
the phenyl-hydrazone of j3-naphthaquinonc, so 
that there was as much justification for the 
formula 


NNHPh 



as for the more usual one based on the formation 
of the substance from jS-naphthol and a benzene- 
diazonium salt, viz. : 


N;NPh 



and if it were allowable to assume tautomerism 
to a fpjinonoid form in this case, it might be 
allowable in other cases, e.g, in the case of 
_p-rosaniline it w^ould bo consistent to suppose 
that on the conversion of the base into salts 
there w^is elimination of a molecule of water 
and formation of a substance wdth a quinonoid 
structure: 


HO—CgH^-NH 
\CeH4 NH 


2 

2 

2 


HCI 




NHHCI 




In many cases the ordinary formula already 
contained the quinonoid structure. 

The theory was the first real contribution 
to the relation between colour and constitution, 
because it indicated that the formation of the 
quinone structure was one of the influences 
which affected the rhythmic vibration of the 
Kekule individuals of benzene so as to throw the 
absorption from the ultra-violet into the visible 
region of the spectrum. It is immaterial 
whether this process leads to visible colour or not, 
because in certain cases—a fact which has been 
used to disprove the theory—derivatives possess¬ 
ing undoubted quinone structure are colourless, 
meaning, of course, that in these cases the 
“ shift ” of the absorption from the ultra¬ 
violet has not been sufficient. Moreover, 
opponents of the “ theory ” have used the 
argument that it cannot be correct because 
there are coloured substances, such as azo¬ 
benzene, which do not possess a quinone 
structure. This criticism could, with equal 
force, be applied to copper sulphate. Obviously 
the formation of a quinone ring from a substance 
already containing “ potential colour ” may 
lead to the production of visible colour or may 


not. It was never claimed that all coloured 
organic compounds possessed a quinone ring, 
although, as a matter of fact, such a statement 
would not be far removed from the truth. 

The literature contains many other hypotheses, 
which are not theories because the exceptions 
to them are numerous. It is evident that one 
cannot distinguish between substances showing 
absorption in the visible region and those giving 
absorption in the ultra violet and infra red 
region of the electromagnetic spectrum. The 
only truly colourless substance is one showing 
general absorption throughout the 08 or so 
octaves of the electromagnetic spectrum. Dis¬ 
turbance leading to absorption may occur in any 
octavo although unfortunately our instruments 
are not sufficiently sensitive to map more than 
a small part of the sp(*(*truin. This is, however, 
a physical (piestion and will be answered in time 
by the physicists. 

COLUMBITE. A columbate (niobate) of 
iron, usually containing some manganese 
(“ manganoeolumbite '’) and tantalum, the 
general formula being (Fe,Mn)(Nb,Ta).206. 
With an iruTcase in the amount of tantalum, 
there is a transition to the isomorphous species, 
tantalite. d’he orthorhombic crystals are dark 
brow'n or black and opaque, and range in sp.gr. 
from 5*3 (columbite) to 7-3 (tantalite). It w'as 
m this mineral that Hatchett discovered, 
in 1802, the element columbium, so named 
beeauRo the specimen he examined came from 
America. (\)lumbite is usually found as single 
crystals embedded in pegmatite or granite; 
for exam])le, at Haddam and Middletown in 
Connecticut, Chesterfield in Massachusetts, 
brilliant crystals in granite at Siandish in 
Maine, large masses up to 2000 lb. in granite 
veins in the Black Hills of South Dakota, and at 
several other American localities. At Ivigtut 
in Greenland it has been found in the cryolite 
deposit. Large crystals are ff)und in the fcls])ar 
quarries near Moss in Norway. Other localities 
arc Kabenstein in Bavaria, Bushman Land in 
South Africa, Madagascar, etc. 

L J S 

COLUMBIUM, NIOBIUM (Syrn.’ Cb\ 
Nb). At. wt. 92-91. The name columbium is 
used in current American literature, although 
the element is now' know n as niobium in Great 
Britain, Franc-c, and Germany. The first name 
is due to Hatchett, who in 1802 isolated a new 
“earth” (NbgOg) from a mineral found in 
Connecticut. He called the mineral columbite 
and the element columbium. It was not until 
1844 that Rose (Pogg. Ann. 1844, 63, 307, 
693) observed a wide variation in the density of 
many tantalites and columbites, and of the acids 
derived from them, and realised that they 
contained two closely related elements. It was 
Rose w'ho introduced the name niobium for 
Hatchett’s columbium. In all x)robability 
Hatchett’s “earth” was a mixture of NbjOg 
and TagOg. The name niobium and the 
symbol Nb will be used throughout this 
article, in accordance with the nomenclature 
adopted in the First Report of the International 
Union of Chemistry, 1936. 

Niobium is a member of a group of com¬ 
paratively rare metals, including tantalum. 
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tungsten, molybdenum, titanium, and uranium, 
commonly occurring together in minerals 
found in the oldest Plutonic rocks, and especially 
in and around intrusions which traverse peg¬ 
matites and other extremely coarse-grained 
granite recks. Monazite. and other minerals 
containing metals of the cerium group, zircon, 
cryolite, and fluorspar, and minerals containing 
lithium, ca'siiirn, and rubidium, are often 
associated with these minerals, and are probably 
intimately connected with their genesis. 

Although a rare metal, niobium exists as 
the pentoxide in a considerable number of 
minerals, in some of which—such as pyrochlore 
and columbite—it may be regarded as the 
essential constituent, while in others, although 
practically always present, its proportion varies 
from a mere trace up to an amount which 
justifles its being considered as the principal 
oxide. 

Niobium occurs in minerals only as the 
pentoxide, NbgO^, in combination with a base, 
the niobium in a few minerals (such as wdhleritc) 
which contain silica being j)re8ent as a silico- 
niobate and never as a silicate of niobium. 

A list of the principal minerals containing 
niobium will be given in the article Tantalum, 
with which metal niobium invariably occurs in 
nature. From the tetihnical point of view the 
principal niobium minerals are those which 
consist essentially of niobates of iron, manganese 
and lime, zirconia and metals of the cerium 
group being also usually present in, or at least 
intimately associated with, such minerals as 
contain lime. 

The mineral richest in niobium is pyrochloro, 
a niobate of lime containing titanium, cerium, 
and thorium, together with other alkaline 
earths and alkali bases and some fluorine. 
The most important mineral, however, is the 
niobate of iron and manganese known as 
columbite or niobite {q.v.), in which the NbgOg 
may even exceed 78%. 

New deposits are constantly being discovered, 
and niobium, like many others of the rare 
metals for which a demand now exists, will 
doubtless be found to occur in much larger 
quantities than is now generally known. One 
property in Western Australia is at present 
being operated exclusively for the production 
of tantalite-niobite concentrates. Considerable 
amounts are also available as by-products from 
the preparation of the rare earths employed 
for incandescent mantles, from tin and wolfram 
ores, and from the heavy waste material 
obtained in the dressing of cryolite. 

Metallic niobium may be prepared by passing 
a mixture of the vapour of the pentachloride 
and hydrogen through a red-hot tube (Roscoe) 
Moissan reduced the pentoxide by means of 
carbon in an electric furnace, but the resulting 
niobium contained 2-5-3-4% of carbon. Von 
Bolton introduced a method of manufacturing 
niobium for metal filament lamps in which 
the pentoxide was mixed with paraffin and 
formed into threads, which were heated in vacuo 
to a temperature of over 1,900“ by passage of an 
electric current. The use of niobium in lamp 
manufacture has now been discontinued. 

Larger quantities of niobium were produced 


by von Bolton by reducing the pentoxide with 
aluminium powder, and heating the product, 
which contained some 3% of aluminium and 
some unchanged oxide, in an electric arc in 
vacuum. This treatment sufficed to vaporise 
the impurities out of the niobium. The metal 
is also obtained by reduction of the fluoride 
K 2 NbF 7 with hydrogen. The product is a 
black powtier from which residual hydrogen 
may be expelled by shaping it into small 
cylinders and melting in vacuo in an electric 
furnace. JVlarden and Rich (U.S.P. 1728941, 
1927) have described the reduction of NbjOg 
by calcium in presence of a small quantity of 
alkali metal and of calcium chloride. This 
operation is carried out in a sealed tube at 
900-1,000“. 

The electrolytic production of niobium 
from a mixture of niobium and tantalum 
pentoxides was described by Isgarischev and 
Prede (Z. Klektrochem. 1933, 39, 283-288). 
The oxide mixture was fused with potassium 
j)yrosulphate and the melt extracted first 
with water and then with 20% j)otas8ium 
hydroxide solution. Flectrolysis of the alkali 
extract with the addition of from 1-T5% of 
dextrin, with a platinum anode and a copper 
cathode, yielded a deposit of pure niobium. 
Alternatively, the melt was extracted with 
saturated ammonium oxalatt^ solution, with the 
addition of a smaller amount of saturated 
oxalic acid solution, or w ith citric acid solution, 
and electrolysed at a temperature above 80“. 
Niobium was thus deposited quantitatively, and 
tantalum pentoxide could be rec overed from the 
electrolyte by acidifying with Hul})huric a(;id. 
Electrolysis in acid solutions was fo\md to be 
satisfactory for the elec tro-analysis of niobium- 
tantalum mixtures. The niobium deposits 
were resistant to corrosion by mineral acids. 

Peirce (J. Amer. Chem. 8oc. 1931, 53, 2810) 
found that niobium, but not tantalum, coulcl 
be electro-deposited at 103“ from a saturated 
sodium carbonate solution in wdiich the ignited 
pentoxide had been dissolved. A copper 
cathode and a current density of 3 amps, per 
sq. dm. were cmiployed. Balke (Ind. Eng. 
Chem. 1935, 27, HOC) states that metallic 
niobium may he produced by minor variations 
of the electrolytic method used for tantalum. 
The fuscH double fluoride KgNbF^ is electro¬ 
lysed, using a cast-ii'on pot as cathode and a rod 
of graphite as anode, and adding niobium pent- 
oxide to the meflten bath. 

The separation of niobium from tantalum 
is a problem chiefly of importance in con¬ 
nection with the preparation of tantalum, 
and will be dealt with fully under Tantalum. 
The general method of extraction consists in 
fusing the ore with an alkali or alkaline salt, 
extracting the mixture of niobates and tantalates 
with water, and boiling the solution to cause 
hydrolysis, with production of an insoluble 
mixture of niobic and tantalic acids. This 
mixture on ignition gives the pentoxides NbgOg 
and TagOg. The preparation entails the 
removal in turn of tin, antimony, iron, man¬ 
ganese and similar elements, and also of 
titanium. 

The separation of niobium and tantalum m 
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a matter nf <^onsidorable difficulty, owing to the 
close similarity of those two elements. One of 
the commonest methods is that developed by 
Marignac in 1866, depending on the different 
solubilities of potassium niobium oxyfluoride, 
KjNbOF^.HgO (1 part in lli-13 parts of water 
at 17"~21°), and potassium tantalum fluoride, 
KgTaF^ (1 part in 150-160 parts of water 
containing a little hydrofluoric acid, at the 
same temperature). These two ciompounds are 
not iHomor})hou8 and do not form mixed crystals 
or solid solutions. In carrying out the separa¬ 
tion the mixture of niobic and tantalic acids 
is dissolved in concentrated hydrofluoric acid 
and the correct amount of potassium fluoride is 
added. On concentration, the potassium tanta¬ 
lum fluoride separates first and is filtered off. The 
filtrate is concentrated further with the addition 
of more hydrofluoric acid and potassium 
fluoride, and yields crystals of potassium nio¬ 
bium oxyfluoride mixed with potassium tantalum 
fluorid(i. These two salts are then separated 
by recry8tal 1 isa tion. 

Numerous alternative methods of separation 
have been suggested and applied. Thus, for 
example, a solution of ]K)tassium hexa-tantalate 
and-niobate is formed by dissolving 1 part of a 
mixture of TagOr; and NbgOg in 6-8 parts of 
water with the addition of 3-4 part s of potassium 
hydroxide. From the resulting solution pure 
tantalic acid is precipitated at 15-30" by the 
action of carbon dioxide or a bicarbonate 
(U.8.1\ 1908473, 1934). Another method 

utilises the solubility of niobium pentoxide, and 
th(' insolubility of tantalum pentoxide, in a 
mixture of equal volumes of selenium oxy¬ 
chloride and concentrated sulphuric acid 
(Lehner, J. Amer. Chern. Soc. 1921, 43, 21 ; 
Merrill, ibid. 1921, 43, 2378). Hydrolysis of the 
extracd after dilution yields niobic acid. Huff 
and Thomas (Z. anorg. Chem. 1926, 156, 213) 
found that niobium pentoxide is converted 
to the pentachloride by heating at 200-225" 
with carbon tetrachloride, whereas tantalum 
pentoxide is unaffected. Unfortunately, the 
metals cannot bo separated by this means, as 
niobium pentachloride reacts with tantalum 
pentoxide, forming niobium oxychloride and 
tantalum pentachloride, which are not readily 
separated. 

Metallic niobium melts at 1,950° (von Bolton, 
Z. Elektrochem, 1907, 13, 145) A lower value 
(1,700°) is recorded by Guertler and von Pirani, 
(Z. Metallk. 1920,12, 67 ; Ann. Phys. 1915, [4],48, 
1034). Its electrical resistance is 0*1870 ohm 
for a wire 1 m. long and of 1 mm. diameter 
(see also Balke, Ind. Eng. Chem. 1929, 21, 1002). 
It is less malleable or ductile than tantalum, 
but the rolled metal has a hardness greater than 
that of wrought iron and may be welded at a 
red heat. Balke (Ind. Eng. Chem. 1929, 21, 
1002) states that in the annealed condition 
niobium is more ductile than tantalum. Many 
of the properties of niobium as known at present 
were determined wdth a sample of the metal 
prepared by von Bolton (l.c.) by reducing 
the oxide with aluminium. This author gave 
the density as 12*7, but more recent values 
yange from 7*4 to 8*56. 

The powdered metal oxidwes rapidly when 


heated in air, some nitride being formed 
together with the oxide, but the rolled or cast 
metal is but httle affected, as a protective 
coating of oxide rapidly forms. It is practically 
unaffected by any acid except hydrofluoric 
acid, or by solutions of the alkalis, but is 
rapidly attacked by fused alkalis or alkaline 
nitrates. 

Metallic niobium combines with hydrogen 
at a high temperatun^, and according to von 
Bolton a hydride^ NbH, is formed. Hagen and 
Sieverts (Z. anorg. (3ieni. 1930, 185, 225) have 
since shown, however, that the amount of 
hydrogen taken up is a function of temperature 
and pressure, and the formation of a true 
compound is very doubtful. The compounds of 
niobium have not yet been applied com¬ 
mercially, but the pentoxide and the fluorides, 
especially the double fluoride KgNbF^, are of 
interest in connection with the preparation of 
the pure compounds or metal from minerals. 
Niobium in amounts up to about 2% inhibits 
intergranular deterioration when chromium- 
nickel steels of the stainless type fire exposed 
to elevated temperatures and chemical corrosion. 
Tantalum gives similar results, but a larger 
proportion of it is required (Bec ket and Franks, 
Trans. A.I.M.E. 1934, 113, 143). Addition of 
niobium to steels containing 4-6% of chromium 
and 0*l-0*2% of carbon is foiiud to inhibit 
the air-hardening })roperty of such steels. 
Niobium has a limited use in valve manu¬ 
facture. 

Alloys of niobium have hitherto received 
relatively little attention. Iron and niobium 
appear to aLlf)y in all proportions, and forro- 
niobium may be formed directly by reducing the 
mixed oxides. Alurainium-niobium alloys have 
been produced by the Goldschmidt process, 
and a brittle alloy of chromium and niobium 
is formed by fusing green chromium oxide and 
niobium together in the electric furnace 
(Goldschmidt and Vautin, J.fS.C.1.1898,17, 543 ; 
Moissan, Bull. Hoc. chim. 1902, [iii], 27, 431). 
Alloys of nickel and zirconium with niobium 
and tantalum have been prepared, and it is 
claimed that the alloy containing zirconium can 
be heated to whiteness in air without oxidation 
or vaporisation (Canada P. 209342, 214118, 
1921 ; U.8.P. 1334089, 1920). 

The removal of tin from Fe-Nb-Ta alloys 
obtained in the reduction of niobito is carried 
out by fusion with sufficient silicon to convert 
the niobium and tantalum to the silicide 
(Nb,Ta) 2 Si. The resulting brittle alloy is 
powdered and boiled wdth hydrochloric acid to 
extract the tin. The purified pow^der may be 
melted and blown to remove silicon, or may be 
used direcly for the treatment of stairdess steels 
(B.P. 450857, 1935). Eerrosilicon-niobium 
alloys arc produced from a mixture of niobite, 
silicon, hme, and silica by fusion in an electric 
furnace (B.P. 434400, 1935). 

COMPOTTNDS OF NiOBIUM. 

Niobium monoxide, NbO, has been described 
by various authors, but its existence is somewhat 
doubtful. It is said to be produced by reducing 
KjNbOFg with sodium in an iron crucible, or 
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by reducing NbOCIj with magneHium, and is 
desoril>e(i as a black material. It burns to the 
pent oxide when heated in air, ignites in chlorine, 
forming NbOCIg, and is soluble in hydrocdilorio 
acid with evolution of hydrogen. 

Niobium sesquioxide, NbgOg, is formed by 
reducing niobium pcntoxide with magnesium 
powder, or by heating the pentoxide in a stream 
of hydrogen at 1,250°. 

Niobium dioxide, NbOg, a black powder, is 
also formed by heating the pentoxide in 
hydrogen, or with magnesium. It burns w^hcn 
heated to redness in the air. 

Niobium pentoxide, NbgOg, is a white 
infusible powder of sp.gr. 4*53^*8, according to 
the method of preparation. It is formed by 
direct oxidation of niobium, or of its lower 
oxides, and also, in the hydrated condition 
(niobic acid) by the hydrolysis of pentavalent 
niobium salts. The molecular heat of formation 
from the elements is 441,330 g.-cals. After 
strong ignition niobium pentoxide is insoluble in 
all acids except hydrofluoric* acid. It dissolves, 
however, in molten potassium hydrogen sul¬ 
phate, or ammonium hydrogen sulphate, and 
in fused alkali hydroxides or carbonates, 
although it is insoluble in solutions of alkalis. 
The niobium pentoxide content of a mixture of 
NbgOg and TagOg may be determined by 
reducing the NbgOg to Nb 204 by means of 
hydrogen, and determining the increase in 
weight on ignition. TagOg is not reduced by 
hydrogen. 

Niobic acid. —This term is applied to the 
more or less hydrated pentoxide formed by 
the hydrolysis of compounds such as niobium 
pentachloride or oxychloride. A similar 
material is formed by the action of mineral 
acids on alkali niobates. The gel is completely 
dehydrated by heating to 300° (rf. She, Compt. 
rend. 1932, 194, 1745). Freshly precipitated 
niobic acid gels are soluble in acids and also in 
sodium or potassium hydroxide solution. 

Numerous niobates have been described, only 
those of the alkali metals being soluble in water. 
Sodium metaniobate, NaNbOg, is obtained in 
the anhydrous form by fusion of niobium 
pentoxide with sodium carbonate and sodium 
fluoride. It crystallises with seven molecules 
of water of crystallisation. Jander and Frey 
(Z. anorg. Cbem. 1931, 196, 321) have obtained 
products such as Ba 0 ,Nb 205 and 
4 Ba 0 ,Nb 205 by heating barium carbonate 
with niobium pentoxide to 400-500°. Many 
other niobates have been described (see “ Text 
Book of Inorganic Chemistry,” edited by J. 
Newton Friend, vol. VI, part III, pp. 156-166), 
but their compositions and constitutions are 
in some cases uncertain. 

Perniobic acid, HNb 04 ,nH 20 , is obtained 
as a yellow amorphous powder on decomposing 
potassium pemiobate with dilute sulphuric 
acid and dialy.sing the product, or by the 
action of 30% hydrogen peroxide on niobic 
acid. It loses oxygen at 100°, and forms 
hydrogen peroxide on heating with dilute 
sulphuric acid. Pemiobates of the alkali 
metals of the general formula MgNbOg are 
formed by treating the corresponding niobate 
Flth h^dro^en peroxide and a solution of the 


base, and adding alcohol. They are white 
powders stable in contact with air, and decom¬ 
posed by water. 

Niobium pentafluoride, NbFg, forms 
colourless, strongly refractive, monoclinic prisms, 
3-293, m.p. 75-5°, b.p. 217-220°/760 mm., 
and is obtained by the action of fluorine on 
niobium, or by treating niobium pentachloride 
w-ith anhydrous hydrogen fluoride in a freezing 
mixtui-e, and purifying by redistillation (Huff 
and Zedner, Ber. 1909, 42, 493; Huff and 
Schiller, Z. anorg. Ohem. 1911, 72, 329). It is 
hygroscopic and is readily soluble in water, 
the solution yielding niobic acid on addition of 
ammonia or sodium hydroxide. It has a strong 
tendency to form stable double fluorides with 
the fluorides of other metals. 

Niobium oxyfluoride, NbOFg, is obtained 
by the action of hydrogen chloride on a fused 
mixture of niobium pentoxide and calcium 
fluoride at a red heat. It forms double salts 
with other metallic fluorides (e.f/. NagNbOFg, 
(NH4)2NbOFg, ZnNb0Fg,6H20). 

Niobium trichloride, NbClg, is a non¬ 
volatile, non-deliquescent, crystalline substance 
resembling iodine, and is formed by leading 
the vapour of the pentachloride through a heated 
tube. It forms long dichroic needles, whicli are 
oxidised on exposure to air and which yield 
niobium oxychloride, NbOCIg, and carbon 
monoxide when heated in carbon dioxide 
(Roscoe, Chem. News, 1878, 37, 26). 

Niobium pentachloride, NbClg, is formed 
as yellow needles by heating niobium pentoxide 
mixed with charcoal in a stream of chlorine. 
It is also formed by heating the })eiitoxide 
with sulphur monochloride in a sealed tube at 
200°, and fractionally distilling the products 
in a current of chlorine. It is produced, together 
with the oxychloride, by heating the pentoxide 
with carbon tetrachloride. It has m.p. 194°, 
b.p. 240-5°, sp.gr. 2-73-2-77, and gives a normal 
vapour density. It is soluble in carbon tetra¬ 
chloride, chloroform and alcohol. On heating 
with 3% sodium amalgam in absence of air 
and extracting with water, cMoroniohium 
chloride^ (Nb,CI„)CI„7H,0, is obtained as 
black shining crystals, forming an olive green 
powder, insoluble in cold water, but soluble 
in hot water to an olive green solution. Only 
two of the chlorine atoms are ionic. When 
treated with the equivalent amount of sodium 
hydroxide, chloroniobium hydroxide, 

(Nb,CI,2)(0H)„8H,0. 

is formed as a black microcrystalline pre¬ 
cipitate, and from this the bromide, 

(NbeCli2)Br2,7H20, 

is obtained. The hydroxide is soluble in excess 
of sodium hydroxide, and from the solution 
excess of concentrated hydrochloric acid pre¬ 
cipitates a brown powder, NbgCli4,9H20 
(Hamed, J. Amer. Chem. Soc. 1913, 35, 1078). 

Reduction of a solution of niobium penta¬ 
chloride at a platinum cathode gives a blue 
solution, which is of a colloidal character; with 
gold chloride it gives a magnificent purple 
liquid, from which, on boiling, a purple pre¬ 
cipitate deposits. This precipitate is similar 
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to purple of Cassius; it colours glass a violet- 
red. According to Kiehl and Hart the blue 
solution contains tervalent niobium {ibid, 1928, 
50, 1608). 

Niobium pcntachloride forms an addition 
compound with piperidine, NbCl 5 , 6 C 5 HjiN, 
and gives similar compounds with related 
organic bases. It reacts with boiling benzene 
to give the compounds 3 NbCl 5 ,C 6 Hg, 
2 NbCl 5 ,CQHg, and NbCIr^CgHg, and with 
naphthalene to give NbCl 4 (CjoH 7 ) and 
NbCl3(C,oH7)2. With phenol in carbon 
disulphide solution the compound 

Nb(OCeH,)4CI, 

m.p. 233-235°, is formed (I^ink and Nieder* 
lander, Ber. 1928, 61, [B], 249, 1385). Niobium 
pentacdiloride reacts with glacial acetic acid to 
form the com])ound NbgOgCI (OAc )3 (Funk and 
Niederltinder, Ber. 1929, 62, fB], 1688). 

Niobium oxychloride, NbOCl 3 , is prepared 
by the action of chlorine on a mixture of 
niobium pentoxide and carbon, and forms 
white silky crystals which can be sublimed. 

Niobium oxybromide, NbOBr 3 , and 
pentabromide, NbBrr,, also exist, but the 
formation of an iodide appears t(> be doubtful 
(c/. Barr, J. Arner. Chem. Soc. 1908, 30, 1668). 

Niobium nitride, NbN, is prepared by 
heating the pentoxide mixed with the calculated 
weight of carbon in nitrogen at 1,250°. It is a 
light grey powder, m.p. 2,050°, which is decom¬ 
posed by alkali hydroxide (Friederich and 8 ittig, 
Z. anorg. Choin. 1925, 143, 293-320). Tri- 
niobium 2)entanitridcj NbgNr,, is prepared by 
prolonged heating of j)owdered niobium in 
nitrogen at 1 , 0 (K)°. 

Niobium carbide, NbC, has been produced 
by heating niobium sesejuioxide mixed with 
carbon in hydrogen at 1,200°. The molten 
metal also absorbs graphite to yield carbides of 
unknown composition. They are brittle and 
liard, Hud wdU scratch glass or quartz (Moissan, 
Bull. Soc. chim. 1902, [iii], 27, 431). The 
use of a niobium carbide and a binder in a 
metal composition has been described (B.B. 
391933, 1933). 

Niobium boride, NbBg, is formed asahard, 
grey, cr^’^stalline material in the electrolysis of 
fused mixtures of alkali and alkaline earth 
borates and fluorides with niobic oxide. Any 
amorphous boron or calcium boride is removed 
from the product with dilute nitric acid. The 
crystals resist nitric and hj^drochloric acids and 
aqua regia, but are easily oxidised and are 
slowly attacked by fused alkalis, and by cold 
hydrofluoric or sulphuric acid (Andrieux, 
Compt. rend. 1929, 189, 1279). 

Niobium phosphide, NbP, is formed by 
heating red phosphorus with metallic niobium 
at 550° (Heinerth and Biltz, Z. anorg. Chem. 
1931, 198, 168). It burns readily when heated 
in air. Niobium arsenide NbAs^.g, is prepared 
by prolonged heating of the elements at 600°. 

Niobium sulphide, NbSg, has been prepared 
as a black powder by heating the elements 
together. Metallic niobium is not attacked by 
hydrogen sulphide. A set^ond sulphide, NbgSg, 
has been reported as formed by the action of 
HgS and CSg on NbgOg at 1,000° (Honigsehmid, 


ibid. 1934, 219, 161). Niobium oxysulphide ^ 
NbOSg, is also formed as a black crystaUirie 
powder by heating the pentoxide in the vapour 
of carbon disulphide mixed with carbon 
dioxide. 

For methods of analysing niobites and 
tantalites, and of detecting and estimating 
niobium, see CuEMirAL Aivauysis (Vol. II, 

p. 602). 

The Arc Spectrum of Niobium has been 
studied by Hildebrand (J. Amer. Chem. Soc. 
1908, 30, 1672); Barr [ibid. 1668), Mott (Trans. 
Amor. Electrochern. Soc. 1917, 31, 372), and 
Laporte (Z. Physik, 1926, 39, 128). The most 
persistent lines (“ raes ultimes ”) are given bv 
do Gramont as A4058-97 and A4079-73‘A 
(Compt. rend. 1920, 171, 1106). 

H. J. E. 

COLZA OIL syn. for Rape oil. 

COM FREY, Symphytum officirmle. The 
common comfrey (Fain. Boraginaceie), a river¬ 
side plant, lias been used since Saxon times as 
an external apydication for wounds. The 
air-dry root contains 0-6 to 0 - 8 % allanloin 
to which its healing action has been ascribed. 

COMPRAL. A combination of amido¬ 
pyrine and trichlorethylurethane {liaeycr Pro- 
ducts, London). B.F.C. 

CONARACHIN r. Arachin. 

CONCHAIRAMIDINE v. Cinchona 
Alkaloids (this vol., p. 160a). 

CONCHAIRAMINE v. Cinchona 
Alkaloids (this vol., p. 1606). 

CONCRETE p. BriLDiNO Materials. 

CONCUSCONINE v. Cinchona Alka¬ 
loids (this vol., p. l()0r). 

CONDENSERS. In order to convert the 
vapour of a substance into a liquid, it is necessary 
to remove a quantity of heat etpial to the heat 
of vaporisation. The apparatus which effet'ts 
this transfer of heat is called a condenser. 

The shapes and forms of condensers are many 
and varied, but there are two distinct tj^pes 
under which almost all patterns can be classified. 
The two types are : 

1 . Surface condensers, in which the cooling 
medium is ki‘pt separate from the vapour 
to be condensed, and 

2. Jet condensers, in which the cooling 
medium is supplied directly to the vapour 
cither in the form of a spray or as a thin 
film. 

It is apparent that the history and develop¬ 
ment of condensers are parallel to those of 
distillation methods. It was not until the 
practice of distillation was improved by the 
alchemists that methods of condensation 
received attention. The origins of alchemy can 
be traced back in the researches of Hoefor, 
“ Histoire do la Chimie,” 2nd ed., Paris, 
1866; Kopp, “ Geschichte der Chemie,” 
Braunschweig, 1847; and Berthelot, “ Les 
Origincs do TAlchimie,’' Paris, 1885; “Intro¬ 
duction k Tfitude de la Chimie des Anciens et 
du Moyen Age,” Paris, 1887; “ Collection des 
Anciens Alchimistes Grecs,” Paris, 1887; 
and “ Histoire des Sciences—La Chimie au 
Moyen Age,” Paris, 1893. One of the earliest 
applications of condensation was in the pre- 
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paration of mercury. The preparation of this 
element is described by Dioscorides. Cinnabar 
was heated in an iron pot and the vapours 
condensed in an earthenware cover, which was 
denoted by the Greek word “ ambix.” The 
Arabic prefix “ al ” was added, making the 
w^ork “ alanibic,” or, ns it is known to-day, 
“ alembic.” 

Pliny dcHcnbe\s a primitive method which was 
used for obtaining turpentine from rosin. 



Fig. 1, 


Fleeces of wool were hung over kettles, the 
vaporised oil condensing on the fibres of the 
wool. Sponges w'ere used by sailors to obtain 
fresh water at sea. Alexander of Aphrodisias 
(third century), in his commentaries on Aris¬ 
totle’s “ Meteorologica,” states that, “ They 
bod the sea winter and suspend large sponges 
from the mouth of a brazen vessel to iml)il>e 
what is evaporated and, in drawing this off 
from the sponges, they find it to be sweet water.” 



Fig. 2. 


The earliest sketches of aj)paratus date from 
the time of the Greek alchemists of Alexandria. 
Zosimus, about the end of the third century, 
compiM a kind of chemical encyclopaedia 
incorporating the work of previous writers. 
One of them was a woman alchemist by the 
name of Cleopatra who lived about the beginning 
of the Christian era. Cleopatra had written a 
treatise on gold-making which was called the 
“ Chrysopoea.” The ** Chrysopoea ” contains an 


illustration of an alembic to which two receivers 
are attached (Fig. 1). 

It is probable that air cooling alone was 



Fig. 3. 


used for the straight tube and alembic condensers 
up to the discovery of alcohol in Italy some time 
during the eleventh century. The use of water 



Fig. 4, 


for cooling purposes was first mentioned by 
Raymond Lully (1235-1315) in his extensive 
writings on the curative and elixir properties 



Fig. 5. 


of alcohol. Authentic drawings of apparatus 
of that period have not been found. 

During the sixteenth century changes in th^ 
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simple alembic condenser design were made to 
achieve better cooling. The first step was to 
lengthen the delivery tube which was then 
cooled by passing it through a tub of water. 
Fig. 2 is from “ Thesaurus Euonymi Pliiliatri.” 
The next improvement w’as to pass the tube 
diagonally through the water barrel to increase 
the cooling area, as in Fig. 3. Tlie earliest 
illustration of a coil or worm condenser is 
shown in a work by Biringuccio (1540), Fig. 4. 



Fig, 6. 


A similar design is shown in Fig. 5 which is 
taken from Lonicer (1551). 

The first attempt at continuous cooling w^as 
tried some time in the middle of the eleventh 
century. Fig. 6 is taken from the French 
edition of Matthiolus’s commentaries on Dios- 
coridcs (1501-1557). 

During the eighteenth eentury there was no 
substantial advance made in condenser design. 
The worm cooler and the water-cooled alembic 


were in general use and were adequate for the 
uses to which they were put. The counter- 
current principle became better known and 
more wddely used during the later part of the 
nineteenth century. Ettling (“ ilaiidworterbuch 
der Reinen und Angewanclteii Chemie,” 1842, 
Bd. 2, p. 531) assumed that Liebig deserved 
credit for the invention of the counter-current 
condenser, and to this day the simple straight- 
tube condenser is called a Liebig condenser 



(Fig. 9A). Kahlbaum (Ber. 1896, 29, 69) 
claimed that Weiler was the first to see the 
advantage of admitting the cooling water at 
the end of the condenst^r furthest from the 
hot vapours. However, Speter (Chem.-Ztg. 
1908, 32, 3; Chem. Weekblad, 1931, 28, 381- 
382) showed that the principle was first pro¬ 
posed by an unknown French (‘hemist and later 
developed independently by Weiler and Gadolin. 
Thci condenser designed by Gadolin is shown in 
Fig. 7 (1778). Further investigation by Speter 
(Chem.-Ztg. 1908, 32, 654) provtMl Lavoisier to 
be the author of the anonymous publi(*ation 
cited. Schelenz (Z. angew. Chem. 1910, 23, 
1978; Chem.-Ztg. 1909, 33, 141, 154) believes 
this discovery was made by the French chemist 
Dariot (1533-1594), but was never a})preeiatcd 
until a later date. Poissonier (1770) also had 
realised the necessity of providing a large 
cooling surface and a counter-current flow of 
cooling water (Fig. 8). 

The surface condensers designed since this 
period do not dilfor t'undamentally in principle 
from the ones just descril)ed, although the 



Fia. 8, 
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differences in detail are vitally important. 
The straight condensing tube has been replaced 
by S])iral8, bulbs, series of bulbs (Fig. 9D), com¬ 
binations of these and divers methods of con¬ 
tacting the vapour and the cooling surface 
over a large area in a nunimum of space. A 
special ty])e of apparatus known as “ reflux ” 


boiling-point (100°C. to SCXl'^C.), it usually 
suffices to employ the inner tube merely as an 
air condenser. A form of (‘ondenser for use with 
high lK)iling-point liquids has been devseribed by 
McCrea (J. Chem. Educ. 1930, 7, 2963-2965). 

Witli a view to exposing a largo cooling 
surface, the portion of the condenser within the 



cooling jacket is some¬ 
times made of approxi¬ 
mately rectangular sec¬ 
tion. A (jondenser 
with expanded sections 
along the inner tube 
was described by W. 
Friese (Pharm. Zentr. 
1913, 54, 670). The 
apparatus consisted of 
an ordinary Liebig 
jacket inside which 
was a series of cir¬ 
cular chambers with 
conical tops and bot¬ 
toms, giving a large 
cooling surface. A 
condenser for accom¬ 
plishing the same result 
is shown in Fig. 9D. 
The Soxhlet single bulb 


Fig. 9. 


condenser which is 


condensers was designed to return condensed 
vapour back to a vessel containing boiling 
liquid without any sensible loss of vapour 
through evaporation. Reflux condensers are 
extensively used in extraction j)roces8es and in 
organic reactions where the loss of volatile 
solvent is to be prevented. The historical 



A B 

Fig. 10. 


developments of the return condenser have been 
outlined by H. Meyer (Chem.-Ztg. 1910, 34, 
351, 421), L. Galates {ibid. 809), and Schelenz 
(Z. angew. Chem. 1910, 23, 1975-1980). 

The simplest type of laboratory condenser 
that is widely used is the Liebig form shown in 
Fig. 9A. It consists of a straight cylindrical 
glass tube in which the vapour is condensed. 
The upper end is widened out slightly to facilitate 
connection with the still, and its lower end is cut 
off obliquely; a cylindrical glass jacket covers 
the greater portion of the length of the tube 
and, through it, by appropriate entrance and 
exit tubes, cold water is circulated in an upward 
direction. The glass jacket and inner tube may 
be fused together (9A), or connected by rubber 
(9B and C). For liquids of moderately high 


commonly used as 
reflux condenser is shown in Fig. lOlL An all 
glass spiral pattern is shown in Fig. 11. 

A slightly modified form of Liebig condenser 
is described by West (Ind. Eng. Chem. 1928, 
20, 737). The K])ace between the inner and 
outer tubes is reduced to 1-1-5 mm. and the 
tubes are sealed together at the ends. The water 



Fig. 11. Fio. 12. 


consequently passes much more rapidly through 
the outer jacket and the cooling is found to be 
more effective (Fig. 12). The apparatus was 
the inner tube (West, Ind. Eng. Chem. [Anal.], 
1930, 2, 199). 

The first double-surface condenser was an 
air-water-cooled one. It was suggested by 
Hopkins (J.S.C.I. 1897, 16, 979) that if the 
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relative positions of the vapour and cooling 
stream of water are reversed, a larger area 
will be exposed. In Fig. 13a the water 
flows in the direction of the arrows. The 
outer jacket serves as an air-cooler, while the 
inner tube is water-cooled. Two forms of 
large-capacity laboratory condensers are 
described by Othmer (Ind. Eng. 
r\ Chern. [Anal.], 1929, 1, 153) in 
one of which the cooling is internal 
by means of a double-coiled tube, 
with water flowing through both 
tubes in parallel, thereby giving 
a maximum amount of cooling 
surface in minimum space (Fig. 
13 b). In the second typo the 
cooling is external and there is a 
double-coiled inner tube for the 
vapour (Fig. 13c). Bajda (Ind. 
Eng. Cluun. 1919, 11, 52; the 
same in U.S.1\ 1317262, 1919) 

VJ passes the va.fK)ur through a pre- 

V lirninary air-cooler before passing 
it through the water chamber. 

A number of (H)n<lenaers of the 
Fig. 13a. “ double- surface ” type have been 

described. The vapours are con¬ 
densed in the annular space between two 
surfaces, both of which an*- water-cooled, the 
design being such that one stream of water 
flows in succession over each. These con¬ 
densers can l>e made (piite sliort; they are 
readily fixed in a vertical position and occupy 
little boruih space. A modifled Soxhict’s ball 




Fig. 13b. 


Fig. 13c. 


type is shown in Fig. lOA. Several vertical 
condensers have been described by Friedrichs 
in which one of the two surfaces between w^hich 
the vapours condense is constructed spirally 
(Z. angew. Chem. 1910, 23, 2426-2426; 1912, 
26, 2200-2209). In certain extraction opera¬ 
tions it is desirable to remove the solvent 


from the solvent-extract mixture without 
changing the apparatus. Bloom (Ind. Eng. 
Chem. 1910, 2, 103) made such an apparatus 
(Fig. 14). And more recently Zinzadz6 (Chem. 
Fabr. 1930, 113) has designed a double- 
chambered condenser for extraction or distilla¬ 
tion. The top division is cooled by a coiled 
water tube and the liquid collects in the bottom 
of this division and may be w ithdrawn by a side 
tube, provided with a three-way tap, or returned 
to the lower division. Various modiflcations 
are described in the article (see also Zinzadz6, 
Biochem. Z. 1930, 220, 177-184, 185-191; 
Bull. Soc. chim. 1931, [ivj, 49, 1204-1205). 

The first comparison of the relative efficiencies 
of laboratory condensers was made by Dover 
and Harden (Ind. Eng. Chem. 1916, 8, 834— 
836). The authors reported their conclusions as 
follows: “ The rate of boiling has a very 

marked influence upon the efficiency of the 
condenser. The bore of the condenser has 
influence upon the effi¬ 
ciency of the condenser /j:=i:3a 

as has also a narrowing ^ 
at the tip or a con- --v 

striction anywhere in / \ \ e/ 

the tube. (Noticed in I A 11 

the spiral typo wdiere M M_Jj 

the spiral is fused on to C -^ 

the inner tube.) These 
conditions tend to cause * 

chocking, and when this _ 

0 (‘curs loss is always ^ 
disproportionately great. C 

The length of the con- v U / 
denser is a factor in its \ p'/ 
efficiency (especial^ in \ / 

the case of the Liebig 
form) for low boiling- V 7 

point liquids. In the \ / 

case of other forma, the 
length of the jacket has 
less influence than seems A ^ 

to be commonly sup- I 

posed. In experiments 
where a long condenser 
can conveniently be 

used, the Liebig seems _ 

to be preferred because jTjq j 4 

it is a much less costly 

condenser and can be easily cleaned. Where a 
short condenser is required, the Friedrichs 
seems best. The short Liebig or Allihn can be 
used to advantage only when the rate of con¬ 
densation is not greater than from 2 to 3 drops 
per second, or when some moans is used, such 
as a glass w^ool plug in the top of the condenser 
or a test-tube inverted over the top of the 
condenser, to prevent too rapid carrying away 
of the vapour % air currents.” 

F. Friedrichs (Z. Angew. Chem. 1920, 38, 
29-32) presented a critical discussion of the 
various forms of laboratory condensers which 
had been described in the literature from the 
time of Liebig onwards. The screw-shaped 
condensing tube with five ” threads ” and 
provided with internal cooling jacket was most 
efficient. This form is more suitable for use as a 
reflux apparatus than is the spiral form. Mach 
and Herrmann (Chem. Fabr. 1931, 4, 157, 170) 


Fio. 14. 


Where a 
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tested condensers by using them as reflux enclosed in a metal tank which can be filled with 
apparatus; the loss of ether vapour under cold water; these condensers find considerable 
similar conditions was measured for each use in small plant for preparing distilled water, 
type. Results are tabulated for experiments For this later purpose, a novel form of condenser 
with nine types of coolers. The best three is described in B.P. 6916/1905, which combines 
coolers in the order of efiiciency were: Liebig efficiency with extreme simplicity of con- 
with four internal tubes, those with bulbs struction. Special apparatus, devised for pre¬ 
blown in the internal tube, and those with small paring pure distilled water (so-called con- 
jacket diameter. Counter-current cooling did diictivity water) on a laboratory scale are 
not increase the efficiency. J. Friedrichs and described by Bousfiekl (J.C.S. 1905, 87, 740), 
H. von Kruska (Chem. Fabr. 1934, 7, 284-287) Golding (J.S.CM. 1906, 25, 678), and by Hartley, 
made tests on ten types of apparatus. The Campbell, and Poole (d.C.S. 1908, 93, 428). 
results are tabulated and discussed. The West The use of silica tubes for such condensers is 
apparatus (Ind. Eng. Chem. [Anal.], 1930. 2, now more common. 

199) gave best results. E. J. Williams (School A condenser system made of glass and metal 
Sei. Rev. 1934, 16, 271) recommends double- suitable for smali analytical fractionating columns 
surface condensers for student and general has been designed by Means and Newman (Ind. 
laboratory use. Eng. Chem. [Anal.], 

For condensing vapours in high vacuum 1936, 8, 231). It 
work a highly specialised type of “ trap ” greatly resembles the 
condenser is used. The vapour trap generally top of a Prodbielniak 
consists of a U-tiibo immersed in a refrigerant column {ibid. 1931, 3, 
contained in a Dewar vessel (Fig. 15A). A 177). An evacuated 

glass jacket, silvered 
for efficient heat 
insulation, surrounds 
the burette and con¬ 
denser. The condenser 
itself is a metal cylin¬ 
der fitting into the 
top of the glass jacket 
and is insulated from 
the glass by means of 
an asbestos cord. The 
A B cooling medium is run 

Ficj. 15. down into the con¬ 

denser through tube 

useful design, believed to have been origi- A (Fig. 16), and 
nated by S. Dushman, is shown in Fig. 15B, escapes at 1). C'om- 
in which the vessel is unsilvered {see Hickman, pressed carbon di- 
J. Franklin Inst. 1932, 213, 119-154. The oxide or liquid air can 
refrigerant (usually solid COg or liquid air) be used, according to 
is placed in a, where it is insulated from the the temperature de- 
surroundings by the 0 })erating vacuum. The sired. The inner or 
vacuum line connects at b and c. This type of condensing tube is of 
trap presents a large condensing surface and metal and contains a 
imposes little resistance to gas flow. spiral strip extending 

The condensers so far descTibed are usually down to the burette 
constructed of glass, but occasionally metals and dividing the tube 
are employed. The use of aluminium for the into two compart- 
inner tube of a Liebig condenser has been ments. Thus the Fig. 16. 

advocated by Norton (J. Amer. Chem. Soc. vapours coming in at 

1897, 19, 153). A tube of block tin connected B pass down one side of the tube, condense, and 
to a bulb of spun copper was used by Wiley fall into the burette. Displaced air passes up the 
(Ind. Eng. Chem, 1913, 6, 151). Many agri- other side of the dividing strip and emerges at C, 
cultural chemists, who have to deal with losing condensable vapours in transit. The 
numerous ammonia distillations, prefer a block- metal condenser tube is connected to the glass 
tin condenser. A convenient method of con- burette by soldering to the platinised glass, 
structing a number of such condensers in series This provides an air-tight seal between the 
to be cooled by one stream of water is described metal and glass. The condenser is adapted to 
by Barnard and Bishop (J. Amer. Chem. Soc. distillations under reduced pressure, the vacuum 
1906, 28, 999). connection being made at C and liquid extracted 

A useful metallic condenser is the ball type, at E by any of the conventional methods for 
shown in Fig. lOB, used on the reflux principle extraction of liquids during vacuum distilla- 
in numerous experiments involving extractions tions. Littleton and Bates (Trans. Amer. Inst, 
with volatile solvents. Storch’s metallic reflux Chem. Eng. 1926, 17, 95-106) have discussed 
condenser is depicted and described in J.S.C.I, the relative merits of Pyrex glass and metal 
1897,16, 979. condensers. The overall coefficient of heat 

The spiral (worm) type of condenser is fre* transfer from cooling water to vapour is not of 
quently constructed of metal (copper) and the same order of difference as would be expected 
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from tho great difference in heat conductivity. 
The authors point out that an important 
factor in heat transfer is tho film on either 
side of the cooling tube, the film itself acting 
as an insulator. This film is present on both 
Pyrcx and metal condensers. (The effect of 
films is discussed below.) 

In the design of large-sciale industrial surface 
condensers stress is placed on efficiency. They 
are fundamentally heat exchangers designed 
for a special purpose. To secuire a high co¬ 
efficient of heat transfer from the (‘ondensing 
vapour to the cooling medium, Walker, Lewis, 
and McAdams (“ Mnciples of Chemical 



Engineering,” 2nd ed., p. 398, McGraw-Hill, 
New York) state that the requirements are: 
”... rapid circulation of the cooling medium 
to reduce the effective thickness of the water 
film through which heat must flow by con¬ 
duction, immediate removal of the condensed 
liquid, and as complete removal as possible of 
non-condensable gases to prevent the formation 
of an insulating film of relatively stationary 
gas.” Distillations done in vacuum help to 
meet the last requirement. A typical industrial 
surface condenser is shown in Fig. 17. 

A surface condenser has the following advan¬ 
tages : the condensate is obtained uncon¬ 
taminated with the cooling water, and in 


vacuum distillations it is not necessary to pump 
the water out of the system or remove it by 
means of a barometric draw-off. 

A parallel jet condenser is shown in Fig. 18 
and a fall-pi})e jet-condenser in Fig. 19. Jet 
condensers have a large capacity per unit floor 
space, they are of simple construction, of low 
cost, and corrosive vapours may be condensed 
without destruction to the chambers. However, 
a large volume of cooling water is needed, and 
in vacuum operations the wak;r must be 
removed from the system either by pumps 
or through a barometric column. Gases dis¬ 
solved in the water are also liberated directly 



into the vacuum space and must be removed by 
tho vacuum pumps. 

Industrial condensers of various kinds are 
described in the following: Haiisbrand, “Eva¬ 
porating, Condensing, and Cooling Apparatus ” 
(trails, by Wright and rev. by Heastie), Bonn, 
London; Sauvage, “Production et Condensa¬ 
tion do la Vapeur,” Baillicre et Fils, Paris; 
Mironneau, “ Technologic du Froid. T. I. 
Corapi-esseurs et Condenscurs,” Eyrolles, Paris; 
Low, “ Condensers,” McGraw-Hill, New York. 

Other industrial condensers are described 
by the following: I.G. Farbenind. A.-G., 
“ Apparatus for Condensing Vapours by Streams 
of Liquid Passed in the Same Direction,” 
B.P. 301430, 1927; Kalindustrie A.-G., “Sur¬ 
face Condensers with Rotating Internal Cooling 
Drum,” B.P. 306106, 1928; Leach, “ Apparatus 
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for Oil Refining and Condensing,*’ U.S.P. 
re-issues 19377-19378, 1935; Leaeh, “Heat 
Exchange Apparatus Suitable for Condensing 
Oil Vapors,” U.S.P. 1980626 and 1980627, 
1935; Gesellschaft fiir Linde’s Eismaschinen 
A.-G., “ Plant for Condensing Vapours from 
Gas Mixtures,” G.P. 604773, 1934; Cattanach, 
“ Heat Exchange Apparatus Suitable for 
Condensing Oil Vapors,” U.S.P. 1987051, 
1935; Cameron, “ Condensing Hydrocarbon 
Vapors 8U(4 i as those of Gasoline,” U.S.P. 
1992352, 1935 ; McDermet (to Elliot Company), 
“ Spray Device Suitable for Use with Con- 
dens(;rs, Evaporators, 
etc.,” U..S.1’. 2012454, 
D135; Byer, “ Counter- 
Li current V^apor Con- 

denser,” U.S.P- 2013029, 
1935. 

Some of the metals, 
such as zinc, lead, and 
~ cadmium, which arc 

|| ; sufiicicntly volatile, are 

bvj I purified i)y evaporation 

I ill ' ; and condensation, 

jlii ; Several of the special 

; types of ap})aratu8 for 

: /i ; c o n d e n sing m c t a 1 

_; vapours have Ikhui de- 

; ; signed by : Fried. Krupp 

! ; G r u 8 o n w e r k A.-G., 

; • “Rotary Condenser for 

; ; Metal Vapours,” F.P. 

i ; 774132, 1935 ; Handvverk 

I ; and Mahler (Assrs. to The 

i ' New Jersey Zinc Com- 

: : pany), “ Apparatus and 

• ; Method for Condensing,” 

; : B.P. 421026, 1934; 

; ■ Fried. Krupp Gruson- 

; w^erk A.-G., “Apparatus 

i ■ for the Fractional Con- 

; v ■ densation of Metal 

Vapours,” B.P. 427233, 

’ :' : 1935; G.P. 608800,1935. 

r Many articles and 

p ^ c- i —T many patents have been 

! I Q issued on the prevention 

j 1 ® g ^; of corrosion in metal 

iSSS&‘ condensers. Special 

alloys have been de- 
velopcd for use in making 
Fig. 19. condenser tubes and 

jackets. The corrosion 
from the cooling water must be combatted 
as well as corrosion from the vapours. The 
preventive methods and the alloys have been 
discussed by: White, ” Corrosion Tests on 
Condenser Tubes,” Trans. Amer. Soc. Mech. 
Eng. (Fuels and Steam Power), 1931, 53, No. 14, 
247-251 ; Worthington, ” Copper-Nickel Tubes : 
Their Advantage for Steam Condensers,” 
Metal Progr. 1933, 24, 20-24 ; Meurk, “ Pro¬ 
tecting Surface Condenser Tubes from Corro¬ 
sion,” U.S.P. 1978166, 1935; Korany and 
Bliss, “ Prevention of Corrosion in Gas Con¬ 


densers,” Gas Age-Record, 1935, 75, 33-34; 
Siegel, “ The Corrosion Resistance of Condenser 
Tubes as a Function of their Brinell Hardness,” 
Warme, 1935, 68, 173-177; Stager, “ Topo- 


chemical Viewpoints” (corrosion tests on brass 
condenser tubes are described), Korrosion u. 
Metallschutz, 1935, 11, 73-88; Guillet, “Con¬ 
denser Tubes ” (the advantages of copper and 
brass for (Condenser tubes, especially where sea¬ 
water is used, are discussed), Cuivre et Laiton, 
1935, 8, 283-284; Whitney, “Alloys that 
Resist Severe Corrosive Conditions,” Chem. 
Met. Eng. 1935, 42, 370-371. 

The foundation for the treatment as an exact 
science of condensers and condensation pro¬ 
cesses w^as laid by Mollier (Z. Ver. dcut. Ing. 
1897, Nos. 6 and 7). The first complete treatise 
was written by Hausbrand (1899), quoted 
above. Many articles and papers have followed 
since then. H. Braidy (Ind. Chim. 1919, 
6, 201-205, 234-237) presented a mathematical 
discussion of the theory of condensers and of 
cooling devices in general. Brewer and Stivers 
(Mceh. Eng. 1921, 43, 672-673) discussed the 
relative efficiencies of various types of cooling 
apparatus used as industrial units. Some 
features in condensing plant operation are given 
by Hardy (Procr. Uiiiv. Durham. Phil. Soc. 
1921, 6, II, 66-83). The theory of fractional 
condensation was treated by Lesho (Oil News, 
1924, 12, No. 3, 15-16). Lewis (Amer. Gas J. 
1928, 128, No. 3, 42-44) has considered the 
coohng of non-condtuisible gases containing 
vapours which condense during the cooling 
process. Lewis discaisscd this case theoreticsally 
and showed that the heat of condensation is not 
transmitted through the gas film on the pipes 
and should not bo considered in calculating the 
coefficients. The vapour passes through the 
film by diffusion and is condensed on the cold 
pipe surface {see also E. F. M. van der Held, 
Physica, 1934, 1 , 1153-1160, “ The Effect of 
Air on the Condensation of Water Vapour ”). 
Monrad and Badger (Ind. Eng. Chem. 1930, 22, 
1103-1112) brought to light several important 
papers on heat transfer, especially that of 
Nussolt (Z. Ver. deut. Ing. 1916, 60, 541). 
When Nussclt’s equations for heat transfer in 
the condensation of saturated vapour on the 
outside of horizontal tubes were applied to 
the work of McAdams and Frost (Ind. Eng. 
Chem. 1922, 14, 13-18), Morris and Whit¬ 
man {ibid. 1928, 20, 234-240), Clement and 
Garland (Univ. 111. Eng. Expt. Sta. Bull. No. 
40, 1909), and Othmer (Ind. Eng. Chem. 1929, 
21, 576-583), the experimental results agreed 
fairly well with the calculated figures. When 
applied to data on vertical tubes (Badger, 
Monrad and Diamond, Amer. Inst. Chem. Eng. 
(Detroit meeting), 1930, 23 pp., preprint), the 
experimental results were several times higher 
than the theoretical. The authors attempted to 
explain this by calculating the point on a 
vertical tube where turbulence begins in the 
film of condensate. Nusselt assumed this 
film to bo in viscous flow only. It was shown 
that turbulence begins a relatively short distance 
down the tube, and this may account for the 
high results as compared with Nusselt’s formula. 
A mathematical analysis similar to Nusselt’s, but 
assuming turbulence in the film, was not made. 
The variations in the degree of turbulence ex¬ 
plain the great difficulty in making determina¬ 
tions of heat-transfer coeffi cients on vertical tubes. 
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A general review of heat-transfor processes 
which could be applied or are in actual operation 
has been given by Othrner (Ind. Eng. Chem. 
1930, 22, 988-993). The article notes such 
important developments as mercury and 
diphenyl heating, forced circulation evaporators, 
and high-pressure equipment {see also Badger, 
Monrad and Diamond, l.c.). 

The effect of ribbed surfaces on the heat- 
transfer rates in condenser sections has been 
discussed by Olson and Wentworth (Oil and Oas 
J. 1923, 31, Nos. 6, 14, and 16) and by Du 
Pont (Natl. Petroleum News, 1923, 24, Nos. 46, 
74-75, and 77-78). 

Other papers on heat-transfer in condensers 
have been written bv: Colburn and Hougen 
(Ind. Eng. Chem. 1934, 26, 1178-1182; Chem. 
Age, 1935, 32, 579-580); Heastie (Pood, 1934, 4, 
110-112 ; 1935, 5, J 63-165) ; Erenc (Refiner and 
Natural Gasoline Mfr. 1934, 13, 390); Pavlov 
and Kravetz (Khim. Mashinostroenie, 1935, 
No. 4, 19-21); Du Pont (Natl. Petroleum 
News, 1935, 27. No. 23, 110-111); Oldham 
(lee and Cold Storage, 1934, 37, 27-28). 

In the realms of physical science, the word 
coiuhnsation has assumed a broader meaning, 
which includes the condensation on charged 
particles in the Wilson (tloud chamber, the 
formation of fog, the vesicular state, and the 
adsorption on various types of surfaces, par¬ 
ticularly capillary adsorption j)henomena. 
These special processes are (lis<;UHsed under 
headings of adsorption and theories of adsorp¬ 
tion (?\ Adsorption). 

Appendix. —Other forms of the Liebig con¬ 
denser have b(^on described; Ber. 1892, 
24, 3950; ibid. 1895, 28, 2388; J.S.C.I. 

1899, 18, 707; Chem.-Ztg. 1902, 26, 325; 
ibid. 1902, 26, 633; ibid. 1904, 28, 686; Bull. 
8oc. chim. 1904, [iii], 31, 1116 ; Chein.-Ztg. 1904, 
28, 598; ibid. 1905, 29, 809; B.P. 6916, 1905; 
Chem. Zentr. 1906, ii, 993 ; Editorial, L’industria 
chim. 1908, 8 , 184; Vigreux, Bull. Soc. chim. 
1908, [iv], 3-4, 855, 858; Chem.-Ztg. 1910, 34, 
116; Glaser, A us. P. 1,943-11, 1911; Frankel, 
Biochem. Z. 1910, 74, 165-106; Howden, 
Chem. News, 1918, 117, 368; Gooderham, 
J.C.8. 1924, 125, 2197; Beuschlein, 

Ind. Eng. Chem. [Anal.], 1929, 1, 43-44; 
Naumann, Biochem. Z. 1930, 217, 409-420; 
Crandall, J. Lab. Clin. Med. 1930, 16, 89-91 ; 
Vaughn, J. Chem. Educ. 1931, 8 , 2433-2434; 
Hanak, J. Prakt. Chem. 1933, 136, 202-204; 
Wagensellcr, H.S.P. 1994934, 1935. 

Other reflux condensers are described by: 
Chem.-Ztg. 1896, 20, 462; Hahn, ibid. 1900, 
24, 619; Bull. 8oc. chim. 1901, [iiil, 25, 476; 
Z. anal. Chem. 1901, 40, 769; Chem.-Ztg, 
1904, 28, 698; Chem. Zentr. 1906, ii, 993; 
Chem. New'S, 1907, 95, 52 ; Bull. Soc. chim. 1908, 
[iv], 3, 865 ; Stoltzenberg, Z. angew. Chem. 1908, 
21, 2084; Merkel, ibid. 976; J.S.C.I. 1908, 27, 
962; Stolzenberg, Z. angew. Chem. 1909, 22, 
361; Vollrath, Chem.-Ztg. 1910, 34, 1068; 
Anon,, ibid. 716; Thomer, ibid. 1911, 35, 697; 
Heide, ibid. 631; Fish burn, J. Amer. Chem. 
Soc. 1917, 39, 1074; Vigreux, Bull. Soc. chim. 
1917, [iii], 21, 46-48; Vigreux, Ann. chim. anal, 
chim. appl. 1919, 1, 211; Faust, Z. angew. 
Chem. 1919, 82, I, 183-184; Shohl and Koch, 
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Ind. Eng. Chem. 1921, 13, 819-820; Mach and 
Lederle, Chem.-Ztg. 1921, 45, 779, 

Other double surface condensers are described 
by: J.S.C.I. 1905, 24, 1190; Chem. Zentr. 
1908, ii, 277; Kob, Chem.-Ztg. 1910,34, 116; 
Davies, ibid. 1911, 35, 531. 

J. C. H. 

CO N D URA NGO . The dried bark of Mars- 
deriia Cundurango Nichols {Oonolobus Cun- 
durango Triana ; Fam. Asclepiadaceae). It 
is obtained from a half-climbing or prostrate 
shrub of Ecuador. 

Kubler (Arch. Pharm. 1908, 246, 620) states 
that the principal constituents of the bark are 
dextrose, the glueoside condnranginy and a 
polyhydric alcohol conduritol. Condurangin^ 
^40 contains two methoxyl groups, is 

soluble in water, alcohol, and chloroform, in¬ 
soluble in ether. Dilute sulphuric acid hydrolyses 
it to glucose and an amorphous powder, con¬ 
taining several substances ; alcoholic potash 
yields some cinnamic acid. Conduritol, CgH|o 04 , 
crystallises from hot alcohol in colourless prisms, 
m.p. 142-143*^, and yields a tctrabenzoyl deriva¬ 
tive. According to Carrara (Gazzetta, 1891, 21, 
i, 204 ; 22, i, 236), commort:ial condurangin can 
be separated into two parts, one insoluble and 
the other soluble in water. The former is a 
white powder, C 2 oH 320 ^, m.p. 60-61° ; and 
the latter a yellow substance, m.p. 

134°. Hager (Handbook, 1900) has further 
investigatcHi these substances and named them 
a- and 6-eondurangin ; «-condurangin gives a 
green colour with J^'rohde's reagent (eonc. 
sulphuric acid and inolybdic acid), condurangin 
does not. Carrara (l.c.) also isolated a yellow 
powder, which he named condiiran- 

sterin, m.p. 52°. 

CONDY’S FLUID. A solution of sodium 
[permanganate, NaMn 04 , and sodium nuingan- 
ate, Na 2 Mn 04 . 

CONESSIDINE, CON ESS IM IN E r. 

CONK.SSTNK AND .Ml NOR ALKALOIDS FROM 
Holarrhena spp. 

CONESSINE AND MINOR ALKA¬ 
LOIDS FROM HOLARRHENA SPP. 

Holarrhena aniidysenterica Wall (Fam. Apo- 
cynaceae) or Kurchi-bark is well known in 
India as a remedy for dysentery as substitute 
for the more expensive ipecacuanha root. 
The plant eontuins abfiut a dozen alkaloids 
wdiich were partly isolated also from other 
Holarrhemi spp., viz. //. africana D.C., H. 
congolensis S. Also Wrightia zeylanica contains 
similar alkaloids; it was from this plant that 
Haines first isolated eoncssine, also called 
vTighiine in earlier papers (Trans. Med. Soc. 
Bombay, 1858). 

A survey of early Hterature is given in a paper 
by Kanga, Ayyar and Simoiisen (J.C.S. 1926, 
2123). Early investigators mostly isolated 
conessino, which is the chief constituent of the 
Kurchi-bark ; to the recent work of Ghosh, 
Haw'orth, Bertho and Siddiqui we owe the 
knowledge of the minor Kurchi alkaloids. 

According to Siddiqui and Pillay (J. Indian 
Chem. Soc. 1932, 9, 653) the alkaloids in the 
bark are present as tannates and therefore 
difficult to extract with acidified EtOH or 
HjO. On the same bark all hitherto known 
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methods were tried and yields varying from 0*5 
to 1*7% crude total alkaloids were obtained. 

Extbaction (Siddiqui et al,, l.c.). —Dry 
powdered bark is percolated with a mixture of 
80 parts of EtgO and 10 parts EtOH, shaken 
with 10 parts of N H 4 O H. The total alkaloids are 
precipitated by passing gaseous HCI through 
the percolate. The precipitate is dissolved in 
HgO and sodium sulphate is added when a first 
fraction of “ insoluble sulphates ” is obtained 
(0*17% calculated for free base). The mother- 
liquor from the insoluble sulphates is made 
alkaline and exhausted with ether, when 2 * 1 % 
“ ether-soluble bases ” are obtained. A fraction 
of this ether residue is soluble in light petroleum 
and is subsequently precipitated from the moist 
petroleum with COg. while a fraction remains in 
the solvent. The bases insoluble in light 
petroleum are fractionated from CHg-COgEt 
with CO 2 - Finally three main fractions are 
obtained: 

(a) Sulphates insoluble in HgO. 

{b) Carbonates insoluble in light petroleum. 

(c) Bases soluble in light petroleum. 

Fraction (c) (tertiary bases) gives 0-4-0*5% 
conessine; last traces of other alkaloids are 
removed by the “ light petroleum-carbonate 
method.” Conessine may bo purified by re¬ 
crystallisation of its hydrogen-oxalate (Pyman, 
J.C.S. 1919, 163; Kanga, Ayyar and Simonsen, 
l.c.). From the mother liquors of the oxalate, 
the hydrobromides are prepared and the base 
fractionally precipitated from this salt, the 
middle fraction yields isoconessimine. 

Fraction ( 6 ) contains secondary bases which 
are stronger than conessine. The bases were 
fractionally precipitated with ammonia, the 
first fraction containing “ insoluble sulphates ” 
and a fraction of “ soluble sulphates.” The 
third fraction contains some more conessine 
and chiefly “ carbonates insoluble in light petro¬ 
leum.” llie latter are united with the middle 
fraction and the hydriodides precipitated with 
KI (0*3%). After recrystallisation from M eO H 
and EtOH the carbonate is precipitated from 
light petroleum solution, the free base prepared 
and recrystallised from moist C Hj-COgEt, when 
pure conessimine (0*02%) is obtained. A later 
description (Siddiqui, J, Indian Chem. Soc. 
1934,11, 284) recommends dissolving fraction ( 6 ) 
in moist CHg-COjEt and precipitating the more 
strongly basic di-secondary co/itminc as carbonate 
whilst conessimine and isoconessimine remain 
in solution and are separated from each other 
by means of fractional crystallisation from 
CHg*C 02 Et in which woconessimine is more 
soluble than conessimine. 

Fraction (a) is treated with 10% HCI, the 
white granular residue is dissolved in 10 % 
alcoholic HCI and the sulphates precipitated 
from the hot neutralised solution with 142 ^^ 4 * 
The recovered bases are recrystallised from 
MeOH—CHo-COgEt, when holarrhine (0*02%) 
separates ; n*om the concentrated mother- 
liquors holarrhimine is obtained. 

Bertho, von Schuckmann and Schonberger 
(Ber. 1933,66, [B], 786) fractionated commercial 
mother-liquors of the fraction soluble in light 
petroleum (Siddiqui’s fraction c) with con¬ 
essine as chief constituent). By a process not 


given in detail they isolated three new alkaloids: 
conessidine, conkurchine^ and kurchenine (yield of 
each alkaloid about 10 % of conessine obtained). 

Haworth (J.C.S. 1932, 631), by extracting the 
seeds of H. antidysentericaf obtained conessine 
and norconessine. The two bases were separated 
by the hydrogen-oxalate method. 

Sudhamoy, Ghosh and N. N. Ghosh (J. Indian 
Chem. Soc. 1928, 5, 477) extracted Kurchi-bark 
with EtOH. The total alkaloids (1*3%) were 
first precipitated with tartaric acid, when the 
tartrates of conessine and kurchicine separate, 
the two alkaloids are fractionated by recrystal- 
lisation of the sulphates and the free bases from 
CHCI 3 and light petroleum. The mother- 
liquors from the precipitated tartrates contain 
kurchine. 

Peacock and Chowdhury (J.C.S. 1935, 734) 
exhausted Kurchi-bark with EtOH ; from the 
crude alkaloids ( 1 %) they obtained an insoluble 
hydrochloride-fraction which yielded a new 
alkaloid lettocine ( 0 * 1 %). 

Holarbiienine is an alkaloid extracted with 
very dilute HCI from the bark of H. congolensis 
(Pyman, l.c.) ; conessine (0*9%) was removed 
from the crude alkaloids by shaking out the 
alkaline solution with light petroleum. The 
alkaline mother-liquors were in turn extracted 
with EtgO, when a small quantity of holarrhen- 
ine was obtained. 

The separation of the holarrhena allcaloida 
is extremely difficult and it is not clear yet 
whether the number of bases can be reduced 
owing to the fact that several of those isolated 
are identical (cf. Siddiqui, l.c. and Bertho et al., 

l. c.). 

Conessine (I), Cg^H^oNg, [ 0 % —1*9® 

(in CHCI 3 ) or -f-21*6‘^ (in absolute EtOH), 

m. p. 126® crystallises from acetone in short 
needles or large prismatic plates, easily soluble 
in all organic solvents. (I) is a ditertiary base 
containing three NMe-groups; it is sensi¬ 
tive to light and atmospheric influences. 
B-2HCI silky noodles (from MeOH-acetone), 
[of"+9-32°, m.p. 338-340° ; B- 2 HI colourless 
bars, easily soluble in MeOH, less so in HgO or 
EtOH ; B HgCl2-f2HCI needles, sparingly 
soluble also in hot HgO ; B*dimethiodide, 
slightly yellow octahedra, easily soluble in HgO 
or EtOH, m.p. above 285®, it yields NMeg on 
distillation with AgOH. 

Conessimine (II) (Siddiqui et al.^ l.c.), 
C, 5 H„N,. [a]“ -22-25° (in CHCI,), m.p. 100 °, 
microscopic needles (from dry light petroleum, 
CHg-COgEt or acetone), or m.p. 91° (dihydrate), 
long slender needles (from moist CHg-COgEt), 
b.p. 230°/l*8 mm. (II) contains two N—Me- 
groups and one active H-atom (Zerewitinoff). 
Mono - nitroso - compound, mono - benzoyl-(II), 
m.p. 121°, monoacetyl-(ll) (oil). (II) yields (1) 
on mothylation with HCHO and HCOOH ; 
(I) therefore is mono-methyl-(II). Bicarbonate 
unstable ; B‘2HCi amorphous, exceedingly 
soluble in HgO and EtOH, [a]^ —16*1°, 
m.p. 342°; B-2HI, m.p. 318-319° (from 
HgO) ; B* pi crate, long rectangular plates 
(from EtOH) very sparingly soluble in hot 
HgO. 
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Holarrhimine (IIT) (Siddiqui et al., lx.), 
CaiHggONa, [a]^® -14-19°, m.p. 183°, crystal¬ 
lises from CHg-COgEt in star-shaped radiating 
needles. (Ill) is very soluble in EtOH and 
CHCI 3 , almost insoluble in EtgO and light 
petroleum. Diacidic base, no OMe or NMe 
groups, three active H-atoms (Zerewitinoff). 
B-carbonate is unstable. B-2HCI, [a]^ —22-80°, 
m.p. 345°, broad plates, easily soluble in EtOH, 
less so in HgO ; B-2HBr thin plates and broad 
needles, m.p. 358-360°, sparingly soluble in 
HgO ; B-picrate yellow plates, m.p. 198-200° 
(anhydr.), fairly soluble in hot HgO. 

Holarrhine (IV) (Siddiqui, et al., l.c.), 
CjoHasOaNj, [a]“ -17-01°, m.p. 240°, crystal- 
lises from MeOH—CH3-C02Et in needles, 
easily soluble in MeOH and EtOH, sparingly 
so in CHClg, almost insoluble in CH3-C02Et, 
EtgO or light petroleum; (IV) appears to be a 
secondary base. B-picrate semi-crystalline 
powder, m.p. above 320°. 

/soConessimine (Siddiqui et at., l.c.) (V), 
^ 23 *^ 38 ^ 2 ’ [a]?) -+30-0° (in absolute EtOH), 
m.p. 92", crystallises from light petroleum or 
acetone in needles, from moist CHg-COgEt, as 
dihydrate, m.p. 88-92° ; (V) is readily soluble 
in all organic solvents, it contains two NMe- 
grouj)s and one active H-atom (Zerewitinoff). 
(V) on methylation with HCHO and HCOOH 
yields (I), (I) therefore is monomethyl-(V); 
N-benzoyl-(V) m.p. 159-160° and N-acetyl- 

(V) m.p. 127-128° are monoaeidio bases. 

(V).carbonate is unstable, B-2HC1 is crystal¬ 
line, m.p. 335°, exceedingly soluble in HgO or 
EtOH ; B-2HI needles, m.p. 316°, readily 
soluble in cold HgO (difference from (I)) ; 
B-picrate, yellow rectangular plates and broad 
needles from dilute EtOH, m.p. 198-200° 
(anhydr.). 

Co n i m i ne (Siddiqui, ctal., l.c.) (VI), C 22 Hg 3 Nj, 
fa]p —30° (in absolute EtOH), m.p. 130°, 
crystallises from fairly concentrated solutions, 
EtgO, light petroleum CH 3 -C 02 Et, or acetone 
in needles, from moist CHg-COjEt as hydrate. 

(VI) contains two active H-atoms (Zerewitinoff) 
and one NM e-group. (VI) on methylation with 
HCHO and HCOOH yields (I) ; (I) is di- 
methyl-(VI), N, N-dibenzoyl-(VI) m.p. 250°, 
N, N-diacetyl-(VI) (m.p. 139-140°), N, N- 
dinitro 8 o-(VI) m.p. 206-207°. B-2HCI needles, 
m.p. 318-320°, easily soluble in EtOH and 
HoO ; B-2HI prismatic rods, m.p. 293°, fairly 
soluble in EtOH, less in HgO ; B-picrate, 
brilliant yeUow prismatic rods from HgO, 
m.p. 140-141°, very sparingly soluble in hot 
EtOH and 

Conessidine (Bortho et al., l.c.) (VII), 
[a]^i -52-2° (in CHCI,), m.p. 123°, 
crystallises from acetone in thin needles or 
thick crystals. (VII) contains one NMe- 
group. B-2HI faintly yellow needles from 
HjO, m.p. 259° ; B- 2 HCIO 4 thin needles from 
HjO, m.p. 243° (decomp.). 

Conkurchine (Bertho et al, l.c.) (VIII), 
CjoHjjNj, [a]“ -67-4° (in EtOH), m.p. 163°, 
crystallises from EtgO or EtOH — HjO in 
small needles, easily soluble in CHCI 3 , MeOH, 


EtOH, acetone, benzene, sparingly soluble in 
Et.O or light petroleum. (VIII) does not con¬ 
tain NM e-groups. Methiodide amorphous; sul¬ 
phate m.p. 342°, oxalate m.p. 325°, and acetyl- 
compound m.p. 233° are crystalline. 

Kurchenine (Bertho et al., l.c.) (IX), 
C„H 3 , 0 ,N„ [a]^' -92° (in 2N.HCI), m.p. 
335-336°, crystallises from MeOH in thin 
leaflets, insoluble in EtgO, sparingly soluble 
in MeOH and EtOH. (IX) does not contain 
OMe nor N M e-groups. B -sulphate crystaUino, 
[a1p -78-3° (in H 2 O). 

Norconessine (Haworth, Z.c.) (X), CggHggNg, 
fa],) -f 6-7° (in absolute EtOH) is an oil b.p. 
240/0-7 mm., very readily soluble in all 
org.anic solvents, it contains three NM e-groups. 
B-oxalato nodules, m.p. 225-227° from EtOH 
or HgO ; B- 2 HCI slender needles from EtOH- 
acetonc, m.p. 340° (decornp.) ; B-dimethiodido 
pale yellow prisms m.p. 310-312° (decomp.). 

Kurchicine (Ghosh etal., l.c., and Ghosh and 
Bose, Arch. Pharm. 1932, 270, 100), (XI) 
^ 2 o^ 36 ^^ 2 » [“In ~11'4° (in CHCi 3 ), m.p. 
175°. crystallises from CHC1 3 -light petroleum in 
needles, easily soluble in EtOH and CHClg, 
sparingly soluble in benzene and acetone, in¬ 
soluble in light petroleum. B-2HCI needles, 
easily soluble in HgO, less so in EtOH, m.p. 
above 260° ; B-H 3804 , 2 HgO sparingly soluble 
in cold HgO, leaflets, m.p. above 270°. 

Kurchine (Ghosh et al, l.c.) (XII), C 23 H 3 gN 2 , 
[al“ -7157° (in CHCI,), m.p. 73-75°, b.p. 
233°/l mrn., crystallises from EtgO in needles, 
easily soluble in most organic solvents. 
B- 2 HC 1 ,H 20 rliombic needles from HgO, 
easily soluble in H 2 O, Jess so in EtOH, decomp, 
about 220° ; B-2HBr needles from HgO, 
easily soluble in HgO and EtOH ; B H 2 SO 4 
flat needles from HgO, sparingly soluble in cold 
HgO, decomp, at 270°. 

Lettocine (Peacock and Chowdhury, l.c.) 
(XIII), CJ 7 H 25 O 2 N, light-brown, microcrystal¬ 
line powder (from CHCIg-light petroleum), m.p. 
350-352°, soluble in EtOH and CHCI3, 
sparingly soluble in EtgO and light petroleum; 
B-picrate, m.p. 198° (from absolute EtOH) ; 
B-methiodido, m.p. 235° (from hot MeOH). 
Docs not yield an acetyl-compound. 

Holarrhenine (Pyman, l.c.) (XIV), 
C 24 H 38 ON 2 , [ah -7-51°, m.p. 197-198°. 
crystallises from CHg-COjEt in silky needles 
and is readily soluble in EtOH and CHCI3, 
sparingly so in cold CHg-COgEt, acetone, or 
EtgO. B-2HBr flat noodles" (from HgO), 
m.p. 266-268°. (XIV) contains three NMe- 
groups and yields an acetyl-compound which 
is still diacidic. 

Constitution op Holarehena Alkaloids. 
—It has already been mentioned that (I) is 
obtained by introduction of one Me-group into 
(II) or (V) and of two M e-groups into (VI) 
(Siddiqui, l.c. 1934, 288, 290). By deraethyla- 
tion of (1) with BrCN (von Braun’s method) (V) 
and (VI) are obtained (Siddiqui et al., J. Indian 
Chem. Soc. 1934, 11, 787). They conclude from 
their experiments that in (I) one N-atom is 
purely aliphatic forming the group —NMe 2 ; 
the second N-atom as ^NCHg is a member of 
a heterocyclic ring-system. 
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(I) contains one double-bond and yields 
dihydro-conesnne m.p. 105“ on hydrogena¬ 
tion (Spilth and Hromatka, Ber. 1930, 63 , 126 ; 
Osada, Amer. Chem. Abstr. 1928, 22 , 429) ; 
bromine is added (Ulrici, Arch. Pharm. 1918, 
256 , 76) and with H 2 SO 4 and KIO 3 (I) may be 
oxidised to dioxy-conessine in.p. 294—295“ 
(Warnccke, Ber. 1886, 19 , 60 ; Ulrici, he., 71 ; 
Giemsa and Halberkann, Arch. Pharm. 1918, 
256 , 201). The Hofmann and Emde degrada¬ 
tion of (I) w^as studied by Spath and Hromatka 
{l.c.j with information concerning earlier results). 
The first step of the degradation of {l)-dimetho- 
hydroxide removes the aliphatic N-atom, opens 
the heterocyclic ring, and yields apocowcMi?ie, 
m.p. 69“ {see. Kanga, Ayyar and Simonsen, 

l. C.). Hpof'onessint^ is then degraded by Emde’s 
method, when a nitrogen-free compound, 

m. p. 74-76“ is obtained. Oxidation experi¬ 
ments did not show any results; no benzene¬ 
ring seems to be present in (1). Spath and 
Hromatka conclude that (I) contains four 
reduced carbocyclic rings and a hetero-cyclic 
group with a side chain containing a double 
bond. The double bond may however bo 
in the hctcro-ring. No further details about the 
constitution of the Kurchi alkaloids are known. 

pHYSioLomcAL ACTION OF KuKcni Alka¬ 
loids. —Bark and seeds of Holarrhena anti- 
dysenterica are used in India against dysentery. 
Acton and Chopra (Indian Med. Gaz. 1929, 64 , 
207, (]uoted by Ghosh and Bose, Lc,) state that 
the total alkaloids of Kurchi-bark have an action 
like emetine, but they are less expensive and exert 
no blood-depressor action ; the iodo-bismuth 
compound of the total alkaloids is given orally 
{cf. aUo Brown, Brit. Med. J. 1922, I, 993). The 
physiological action of the bark and its extracts 
in the treatment of intestinal troubles may also 
bo due to the fact that the tannates, as which 
the alkaloids occur, would remain undissolved 
in the acid juices of the stomach and pass on 
to the seat of the disease in the intestines 
(Siddiqui, l.c.). Pure eonessine gives unex¬ 
pectedly poor results; evidently some other | 
alkaloid present in “ eonessine ” is responsible 
for the antidysentery action, 

Conessino doe.s not influence bird-malaria 
(Goodson, Henry and Maefio, Biochcra. J. 1930, 
24 , 874), but even in very dilute solution it 
acts on tubercle bacilli (Meissner and Hesse, 
Arch. exp. Path. Pharm. 1930, 147 , 339). 

For action of norconessine, cf. White (J. Pharm. 
Exp. Ther. 1933, 48 , 79) and of holarrhenine, 
cf. Bum (J. Pharmacol. 1915, 6, 305, quoted by 

Schl. 

CONGLUTIN. A globuhn protein con¬ 
tained in the seeds of lupins, 

CONHYDRINE one of the several poison¬ 
ous alkaloids found in hemlock, v. Conium 
Alkaloids. 

CONICEINE y-, 8-, c, and v. 

CoNiuM Alkaloids. 

CON I PER IN, CieH 220 fi, 2 Aq.. m.p. 185“, 
[a]p — 67“, the jS-glucoside of the fir tree, yields 
glucose and coniferyl alcohol when hydrolysed by 
emulsin. It has the formula : 

C6Hu06 0 CeH3(OMe) CHrCH CHgOH 


On careful oxidation with chromic acid gluco- 
vanillin is formed which may be further oxidised 
to glucovanillic acid or reduced to glueovanillyl 
alcohol. All three glucosides are hydrolysed by 
emulsin. Coniforin at one time was used for the 
synthesis of vanillin. 

It has been synthesised by Pauly and Feuor- 
stein (Ber. 1927, 60 , [B], 1031) via giucoconiferyl- 
aldehyde, whic4i can be reduced by the rather 
unusual method of adding it to a solution of 
sugar undergoing brisk fermentation. 

It W'as discovered in the eambial sap of Larix 
decidua Mill., and occurs in the saps of the 
conifers in general ; it is found also in beetroot 
and asparagus. 

It crystallises in colourless rosettes of pointed 
needles, sparingly soluble in cold water. The 
aqueous solution has a slightly bitter taste. 
When moistened with phenol and concentrated 
hydrochloric acid, an intense blue colour is 
formed ; it is soluble in concentrated sulphuric 
acid with a red coloration. 

E. F. A. 

CONIINE OoNJDM AlKALOII>.S. 

CONIMINE V. C0NES.SINE AND Minor 
Alkaloids from Holarrhena srr. 

CONIUM ALKALOIDS. Coniine is one 
of several poisonous alkaloids found in hemlock, 
Coni am nmculatum Linn. (Kam. Umbcllifcrap) 
(0*2-0-9% in not quite ripe seeds). Hemlock 
(Fr. Urande Cigue ; Ger. Giftschierling) is a tall 
biennial of the temperate regions of Europe, 
Asia and America and was the esscntijil in- 
gnalient in the potion administered to con¬ 
demned criminals hy the Greeks. Besides d- 
and /-coniines, liomlock contains N-methyl-d- 
and /-coniine, y-coni(‘eino, conhydrine, and 
pseudoconhydrine. Power and Tutin (J. Amer. 
C3ieni. Soc. 1905, 27, 1461) found a similar mix¬ 
ture of alkaloids in fool’s parsley {^Ethuaa 
i^ynapium Linn.). 

Extraction. —According to Chemnitius (J. pr, 
Chem. 1928, [ii), 118 , 25) coniine is prepared from 
finely ground seeds (0-4—0’5% total alkaloids) 
by mixing with w^ood wool, moistening with 
15% aqueous NaOH, and extracting four times 
with warm EtgO in a copper vessel. The 
concentrated extract is acidified with 50% acetic 
acid and EtgO totally evaporated. After cool¬ 
ing, solidified fat is skimmed off, and the acid 
solutions are washed with EtgO, excess of 35% 
NaOH is added, the alkaloids extracted 
with ether and finally fractionated in a current 
of hydrogen. The fraction boiling up to 165“ is 
converted into coniine salts ; at 166-174“ 

“ coniinum purum ” of commerce distils and 
the distillate above 174° is fractionated for 
coniimtm purum and conhydrine. If the tem¬ 
perature is not raised above 185“ conhydrine is 
left behind. 

According to von Braun (Ber. 1905, 88 , 3108) 
if the fraction boiling up to 190° (containing no 
conhydrine) is benzoylated, the unchanged 
tertiary N-methylconiines can be removed from 
the ethereal solution by dilute acid. The ethereal 
solution is concentrated and poured into light 
petroleum when most of the benzoyl- 8 -amino- 
butylpropylketone formed by interaction of 
benzoyl chloride with y-coniceins is precipitated. 
The solvent is then distilled off and the residue 
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fractionated when the benzoyl-d- and Z-coniines 
distil at 200-210"'/16 mm., and are thus 
separated from any residual derivative of 
y-conioeino Benzoyl-S-aminobutylpropylkctone 
and the benzoyl-coniines can easily be converted 
into the parent alkaloids by hydrolysis. 

Pseudoconhydrine usually accompanies con¬ 
hydrine, from which it can bo separated as 
EtOH -insoluble hydrochloride (Ldffler, Her. 
1909, 42, 116). For separation of coniine and 
pseudoconhydrine, see Spilth, Kuffner and 
Ensfellner (Ber. 1933, 66, [B], 591). 

d-Coniine (1), CgHj^N, [a]^® +15-7°, in.p. 
—2°, b.p. 106-1677760 mm., is a colourless, 
strongly alkaline liquid having a peculiar pene¬ 
trating odour and a burning taste. (I) is slightly 
soluble in cold HgO, less so in hot (turbidity on 
heating); it is steam-volatile and easily soluble 
in EtOH, readily soluble in EtgO, sparingly so 
in CHClg. Exposed to the atmosphere (1) slowly 
darkens and resinifies. (I) dissolves in CSg 
forming a comyjlcx thiocarbamate (Melzer, Arch. 
Pharm. 1898,236, 701). B-HCl, large rhombs 
(from HgO), m.p. 220^ ; B HBr needles, rn.p. 
211° ; Bg-HgPtClg.HgO orange- 3 ^ellow crystals 
from HgO, m.p. 175° ; B-AuCI^, m.p. 75° ; B-pic- 
roiiolate, m.p. 195-5° (Warren and Weiss, 
J. Biol. (Jhem. 1907, 3, 327). For dissociation 
of (1) and its salts, see Kolthoff (Biochein. Z. 
1925, 162, 303). 

/-Coniine, [a]^^ —15-3°, occurs only in small 
amounts; it closely nisembles its d-isomeride. 
Ahrens (Ber. 1902, 35, 1330) reports slightly 
dilfcrent melting-points of the salts, which state¬ 
ment is not confirmed by J.,offler and Friedrich 
(Ber. 1909, 42, 107). Z-Cbniine may be obtained 
from conhydrine through ^-coniceino (LoflSer 
and Friedri(‘h, lx.). 

N-methyl-d-coniine (II), CgHigNCHg, 
far/;“ +81-3°, b.j). 173-1747760 iiim., is a 
colourless oily liquid resembling coniine which 
may bo obtained according to von Braun’s 
method (Ber. 1905,38,3108). Of the two methyl- 
eoniines the d-form predominates. (11) is best 
obtained by methylatioii of (I) with HCHO and 
HCOOH (Hesse and Eiehel, Ber. 1917, 50, 
1401). Methyl-iw-pelletierine bydrazone yields 
racemic mcthyleoniinc when heated to 159-170° 
with N a-ethoxide (Hess and Eiehel, Ber. 1917, 50, 
1396, rf. also Hess, Ber. 1919, 52, (BJ, 1622). 
BHCI, needles, rn.p. 188°; B 2 H 2 ptCle, 
m.p. 158°. 

N-methyl-/-conline, [a]p —81-9°, shows a 
similar behaviour to (II); for further details, 
see Ahrens {l.c.). 

Conhydrine (III), CgHi^ON, [a],> +10°, 
m.p. 121°, b.p. 226°/760 mm. crystallises in 
colourless leaflets from EtgO. (Ill) is a strongly 
basic substance, soluble in EtOH and CHClg, 
moderately so in H 2 O and sparingly in EtgO. 
N-benzoyl-(III), m.p. 132°. Dissociation con¬ 
stants of (HI) {see Kolthoff, l.c.). 

The salts of (III) are crystalline, the aurichloride, 
small rhombs or prisms melts at 133°. 

Pseudoconhydrine (IV), C 8 H 17 ON, [a]i, 
+ 11*0° (in EtOH), m.p. 105°-106° from dry 
ether in slender needles, or m.p. 80° from moist 
ether in plates, b.p. 236-236-5° (for further 


details and for separation from (HI), see LOflBier, 
Ber. 1909, 42, 960). N- benzoyl-(IV), m.p. 
132-133° (»Spath, KujRTner and Ensfellner, l.c.). 
(IV) is a strongly alkaline base yielding crystal¬ 
line salts, B-HCI, m.p. 212-213°; B HAuCl 4 , 
m.p. 133-134°; Bg-HaPtClg slender golden- 
yellow needles, m.p. 185-186°. 

y-Coniceine (V), CgH^r^N, optically inactive, 
b.p. 17J-172°/746 mm., is a coniine-like oil, 
strongly alkaline and almost insoluble in HgO. 
It is separated from (I) by von Braun’s method 
(Ber. 1905, 38, 3108). {V) on reduction yields 
rae. (1). The salts of (V) are crystalline, 
B-HCI, m.p. 143°, hygroscopic; B HlSr, m.p. 
139°; Bg-HgPtCIo, m.p. 192°. 

Other coniceines, a-, (=-allylpiperidine), 
S-, e-, and 0-coniceines are synthetic products 
and have been obtained in various w'ays from (1), 
bromo- or iodo-(l), conhydrine and pseudo- 
conhydrine (for references, see Loffler et al.^ 
Ber. 1904, 37, 1879; 1905, 38, 3326; 1909, 
42, 94, 107, 122, 929, 948, 3420). S- and 
€-(-oni(;eine8 contain a bicyclic ring-system. 

Constitution and Syntheses. —(I) is 2-n- 
propylp'iperidifie, since by zinc-dust distillation 
of the hydrochloride, conyriiiey a-a-propylpyrid- 
ine, is obtained. (1) was first synthesised and 
resolved by Laden burg (Ber. i886, 19. 430, 
2578; 1889, 22, 1403; 1906, 39, 2486) aiui was 
the first synthesis of a natural alkaloid; the 
m(‘thod has bee.-n modificid several times (Ber. 
1909, 42, 94; 1917, 50, 139). More recent 
syntheses are recorded by Lautenscldager and 
Oiisager {Ibid. 1918, 51, 602) and Koller 
(Momdsli. 1926, 47, 393). For synthesis of rac. 
(I), see also iiergmarm and Rosenthal (J. pr. 
(3iem. 1932, |ii], 135, 277), rac. (1) is also 
obtained by ring-ojaujing of indolizidine, with 
BrCN (Ochiai and 'fsuda, Ber. 1934, 67, 1011 ; 
cf. also Diels and Alder, Annalen, 1932, 498, 43). 

Synthesis of {II) by methylatioii of (I), see 
above (Passon, Ber. 1891, 24, 1678 ; WollTen- 
stein, ibid. 1894, 27, 2611 ; Hess and Eiehel, 
l.c. 1917). 

Conhydrine (HI).—Willstiltter (Ber. 1901, 
34, 3166) obtained Z-piperidine-2-earboxylic acid 
by oxydation of (III) w-ith CrOg and sug¬ 
gested that the liydroxyl-group in (HI) must be 
located in the side-chain. Tlie correct formula 
for (111) was first projiosed by Engler and Bauer 
{ibid. 1894, 27, 1779) and has received con¬ 
firmation by the w ork of Hess and Eiehel {ibid, 
1917, 50, 1386) and Spath and Adler (Moiiatsh. 
1933, 63, 127). 
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Pseudoconhydrine (IV) is a hydroxyconiine, 
since treatment with HI yields an iodo-(I) which 
on reduction forms d-(I). The location of the 
hydroxyl-group in the piperidine ring was first 
advocated by Loffler (/.c. 1909, 116); Spath, 
Kuffner, and Ensfellner {lx. 1933) demonstrated 
that (IV) is 2-n-propyl-5-hydroxy-piperidino. 

By removing the elements of HgO from (IV) 
^-coniceine is obtained (Loffler, l.c. 1909, 122). 

0-Coniceine (V).—Beside its natural occur¬ 
rence (V) may be obtained by interaction of (Ill) 
and P 2 O 5 or fuming HCI at 200-220°. Loffler 
and Tschunke (Bcr. 1909, 42, 945) suggest (V) 
to be unsaturated coniine. (V) has been 
B 3 mthesi 8 od by Gabriel {ibid. 1909, 42, 4050) by 
hydrolysing S-phthalimido-butylpropylketone: 

HOHC CHg 

HoC CHPr 

IV 




a 


HoC CHPr 

V. 


For colour-reactions of coniurn alkaloids, see 
Dilling (Pharm, J. 1909, 29, 34, 70, 102 ; 
Biochem. J. 1909, 4, 286). For separation of 
nicotine and (1), see Heut (Arch. Pharm. 1893, 
231, 376). For microchcmic.al reactions of ( 1 ), 
see Cole (Philippine J. Sei. 1923, 23, 97), 
Rosenthaler (Arch. Pharm. 1927, 265, 319) and 
Wagenaar (B. 1929, 869). For analytical data, 
see Keichard (Pharm. Centr. 48, 385). Kraycr 
Arch. exp. Path. Pharm. 1931, 162, 342) detects 
traces of (I) by micro-sublimation of the 
hydrochloride. 

Physiological Action of Conium Alka¬ 
loids (Henry, “Plant-Alkaloids,” 2nd ed., p. 38). 
—All alkaloids contained in hemlock are 
poisonous. They produce paralysis of the motor 
nerve terminations and stimulation followed by 
depression of the central nervous s^^stem. 
Respiration is generally accelerated and 
deepened at first but eventually becomes slow 
and finally ceases while the heart is still strong 
and consciousness has just disappeared. By 
introduction of a double linking as in y-coniceine 
the toxicity is greatly increased, whilst by the 
insertion of a hydroxyl-group, as in the con¬ 
hydrines, it is much reduced. 

Schl. 

CONKURCHINEt’. Conessine and Minor 
Alkaloids from Holarrhena spp. 

CONNELLITE. A rare mineral consisting 
of basic chloro-sulphate of copper with the 
approximate formula 

2CuCl2CuS04l9Cu(0H)2H20, 

corresponding to buttgenbachite {q.v.) with 
sulphate in place of nitrate. It forms velvet¬ 
like crusts of minute hexagonal prisms with a 
rich blue colour. First observed in the 18th 


century in Cornish copper mines, it has since 
been found in quite small amounts at a few 
other localities. 

L. J. S. 

CONQUINAMINE v. Cinchona Alka¬ 
loids (this voL, p. 160 c). 

CONQUININE Cinchona Alkat.oids 
(this vol., p. 1696). 

CONSTANTAN. a nickel-copper alloy. 

CONTRAMINE. Dicthylammonium di- 
ethyldithiocarbamate {British Drug Houses, 
London), B.B.C. 

CONVALLAMARIN and CONVAL- 
LARIN. Glycosides found in Convallaria, the 
dried inflorescence of Convallaria rnajalis L. 
(lily of the valley) v. Cardiac Glycosides. 

CONVALLATOXIGENIN v. Cardiac 
Glycosides. 

CONVALLATOXIN v. Cardiac Glyco- 

SIDES. 

CONVICINE. A gtycoside found in vetch 
seeds, it 3 ’iclds on hydrolysis alloxantin, ammonia 
and a hexose. 

CONVOLVULIN, m.p. 150°, 

is the glycosidic resin from the Tnbera Jalapu’., 
known as jalap resin, and like the roots of 
several species of the Convolvulacete family, 
has long been used as a purgative. 

Convolvuhn, on dissolving in alcohol and 
reprecipitating with ether (VotoCek and Valentin, 
Coll. Trav. Chim. Tchecoslovaquie, 1929, 1, 
477) is separated into an ether soluble glycoside 
containing the rare sugar epirhamnose and an 
ether insoluble compound, rhamno-convolvulic 
acid, C 52 H 92032 , 7 Aq., which is hydrolysed to 
glucose (4 mol.), rhamnose (2 mol.), and con- 
volvulinolic acid which Voto^ek and Prelog 
(Coll. Trav. Chim. Tchecoslovaquie, 1929, 1, 55) 
have proved to be 2 :ll-dihydrox 3 '-palmitic 
acid. They have suggested that in tlio glj^coside 
the hydroxyl grouj)s each carry 2 glucose mole¬ 
cules and 1 rhamnose molecule united to form a 
trisaccharide. The same hydroxy-palmitic acid 
is found also in iurpethin, which contains the 
sugars rhodeose and glucose. 

E. F. A. 

CONVOLVULUS PSEUDOCANTAB- 
RICUS, ALKALOIDS OF.— C. pseudo- 
caniabricus Sclirenk (Fam. Convolvulaceai) is in¬ 
digenous to Middle Asia : it was first investigated 
by Orechoff and Konowalowa(Arch. Pharm. 1933, 
271, 145), who isolated four alkaloids. Ground 
seeds are moistened with 25% ammonia and 
then percolated with benzene. The benzene is 
extracted with HCI, which after addition of 
ammonia is extracted with CHClg. On evapo¬ 
ration the CHClg leaves the crude, semi-solid 
alkaloids (0*406%). This residue is taken up 
in absolute EtOH ; by addition of alcoholic 
HCI a crude mixture of the hydrochlorides of 
convolvino (I), convolamine (11), and convol- 
vidine (Ill) is obtained. The oily mother-liquor 
contains convolvicine (IV). (1) and (II) are 
separated by the different solubility of their 
hydrochlorides, that of (II) being easily soluble 
in absolute EtOH. By recrystallising crude (I) 
from light petroleum, a small insoluble fraction is 
obtained, from which (HI) was isolated (Orechoff 
and Konowalowa, Ber. 1934, 67, [BJ, 1153). 
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10 kg. of seeds yield 153-5 g. (I)-HCI, 10-7 g. 
(II)*HCI, 3-8 g. (ill)-H Cl, and a small amount 
of (IV) (Oroclioff and Konowalowa, Ber. 1935, 
68 , 814). 

Convolvlne (I), CiqH 2 i 04 N, m.p. 115® 
(from light petroleum), optically inactive, 
crystallises in colourless needles, easily soluble in 
EtOH, CHClg, and acetone, sparingly soluble 
in hot HgO, EtgO, and light petroleum. (T) is a 
strong base, the salts are crystalline : B-HCI, 
m.p. 200-261° from EtOH in which it is 
sparingly soluble ; B.oxalate, m.p. 265-266° 
from EtOH; BHNO 3 , m.p. 212-213° 
from EtOH ; B-picrate, m.p. 261-263° 
needles from EtOH ; B-chloroplatinate, m.p. 
240-241° insoluble; B-chloroaurate, m.p. 217° 
from hot HqO ; B-mothiodide, m.p. 230-231° 
from hot HgO. On alkaline hydrolysis (I) 
yields a mixture from which Orechoft' and 
Konowalowa (1935, lx.) isolated veratric acid 
and nortropine, which shows that ( 1 ) is vera- 
troyl-nortropeinc and has the following struc¬ 
ture: 


CH, 


CH,-^ 


-CH- 

I 

N R 

I 

-CH- 


-<^2 OMe 

CH OCO<^ \oMe 

/ 

-CH, 


(I : R=^H) 


(II ; R = Me) 


By methylating (I) at the secondary A-atom, 
convolamine (ll) was obtained. 

Convolamine (11), C 17 H 23 O 4 N, m.p. 114- 
115° from light petroleum, optically inactive, 
crystallises in stout prisms, easily soluble in 
EtOH, acetone, CHCI 3 , and benzene, sparingly 
soluble in EtgO and still less in light petroleum 
and hot HgO. The salts are crystalline : 
B HCI, m.p. 237-239° from EtOH ; B pic- 
rate, m.p. 263-264°, decomp, plates from hot 
EtOH or HjO ; B-chloroplatinate, m.p. 
216-217° needles from hot dilute HCl ; 
B-chloroaurate, m.p. 201-202° (needles from 
hot dilute HCl ; B-methiodide, m.p. 257-259° 
colourless needles from HgO. On hydrolysis 
with caustic soda (II) yields veratric acid and 
tropine, it has therefore the structure (II) above. 
The base has been synthesised by interaction of 
vcratroyl-chloride with tropine (Orechoff and 
Konowalowa, 1934, l.c.). 

Convolvidine (III), C 33 H 44 O 8 N 2 (?), m.p. 
192-193° (from EtOH), optically active, 
crystalbses in small colourless needles, easily 
soluble in CHCI 3 , sparingly soluble in EtOH 
and acetone, insoluble in HgO, EtjO, and 
light petroleum. The salts are only sparingly 
soluble, B-picrate, m.p. 229°~231°, easily soluble 
in hot acetone. On alkaline hydrolysis (III) 
yields veratric acid and a base not yet identified 
(Orechoff and Konowalowa, 1935, l.c.). 

Convolvicine (IV), C^oH 2 eN 2 » oily base, b.p. 
100-125°/5 mm. or 260-260°/760 mm. Becomes 
yellow when exposed to the atmosphere. Easily 
soluble in HjO and the usual organic solvents. 
B-picrate, m.p. 200-202° needles from hot 
HoO. The two N-atoms apparently have a 
different basicity. 

Orechoff points out that in the seeds 90% of 
the alkaloids present are (I), whereas the leaves of 


the plant contain (I) and (II) in about the same 
amount. During vegetation (II) seems to be 
slowly transformed into (I) (phytochemical 
demethylation). 

Schh 

COOK’S ALLOY. An alloy containing 
43% zinc and 57% antimony. 

COOPER ITE. Platinum sulphide, PtS, 
as tetragonal crystals, with the unit-cell dimen¬ 
sions a 4-91, c 6*10A. As minute grains it 
appears to be the main platinum-bearing com¬ 
ponent of the concentrates from the Bushveld 
norite^ Transvaal. When first described by 
R. A. Cooper (J. Chem. Met. Soc. S. Africa, 1928, 
28, 283 ; 1929, 4, 268, 275) it was thought to 
be PtSj and isomorphous with sperrylite 
[PtASg] ; later II. Schneiderhohn (1929) 
described it as orthorhombic and isomorphous 
with marcasite [FeSg] ; while one crystal 
described by H. R. Adam (1931) as cooperite has 
since been proved to be laurile [RuSg]. This is 
a case where chemical analyses have been made 
on mixtures, and crystallographic determina¬ 
tions have been made on single grains picked out 
from the mixture. By examining each grain 
separately by X-ray methods it has been 
possible to select sufficient homogeneous material 
for chemical analysis (F. A. Bannister, Min. 
Mag. 1932, 23, 189). The name cooperite was 
first used in 1869 for a variety of serpentine ; 
it is also a trade-name for an alloy, Ni-Zr-W, 
etc., used for cutting tools. 

L. J. S. 

CO-ORDINATION COMPOUNDS.— 

When used in a chemical sense the term co-ordi¬ 
nation is applied to a mode of atomic linking 
first recognised in 1893 by Alfred Werner, who 
subsequently devoted the remaining years of his 
life to a systematic study of co-ortiination com¬ 
pounds. The hypotheses proposed by him in 
explanation of the results of his researches are 
embodied in the co-ordination theory, which 
affords a simple and comprehensive explanation 
of the chemical constitutions of the most diverse 
types of ('omplex metallic salts, including aquo- 
and ammino- derivatives, mordant dyes, and 
many representative minerals. Even before 
Werner’s time numerous chemical compounds 
were known, the formation of which could not 
be explained on the older theories of valency. 
Such substances, often termed “ molecular 
compounds,” were generally formed from simpler 
compounds in which the combining elements had 
exercised their valencies in accordance with 
their position in the periodic classification. For 
instance, hydrogen chloride, a combination of 
univalent hydrogen and chlorine in atomic pro¬ 
portions, combines with ammonia, a compound 
of tervalent nitrogen with three univalent hydro¬ 
gen atoms to form the molecular compound 
ammonium chloride. This secondary combina¬ 
tion of hydrogen chloride and ammonia was 
formerly regarded as being due to the possession 
by these substances of a “ residual affinity,” a 
force which was then considered to differ from 
that of valency. 

Werner examined a large number of metallic 
ammines, compounds of similar typo to am¬ 
monium chloride, although generally more 
complex in molecular structure, and showed 
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that they could all be formulated on a now 
principle. The underlying idea of Werner’i 
theory was tliat the (combining powers of an 
atom depended not only on the nature but also 
on the number of atoms or groups with which it 
could become a.ssociated. It is this number, 
whi(h Werner cialled the “ (o-ordination num 
ber,” rather than the valency in terms of 
hydrogen equivalents, which gives a measure 
of the total combining pov er of the element. A 
general survey of com])lex metallic salts shows 
that the co-ordination number is most frequently 
6 , sometimes 4, and leas often 8 or other values, 
In writing graphic formulm in accordance 
with the co-ordination ])rinciple the convention 
is usually adopted of enclosing the central 
nuclear element and its associating units within 
a square bracket, vhich thus contains all the 
elements implicated in the co-ordination com 
plex or inner sphere. It should, however, l)e 
explained that this (‘o-ordination principle 
supplements but does not supersede the older 
conceptions of valency. Any accurately written 
co-ordination formula can be dissec^ted into 
constituent parts which are expressible in terms 
of integral valencies. The verification is readily 
seen in the case of ammonium chloride and is 
equally applicable in the following instances : 
[CreNHaJClg and K 4 [Fe(CN)gh ^here the 
generators of the complex ammino are CrCI^ 
and NHg, and those of the complex cyanide are 
KCN and Fe(CN) 2 . These two compounds 
furnish examples of the 3 types of atomic 
linkings recognised by chemists : (i) a non 

polar, non-ionised link as exemplified in the 
combination of nitrogen and hydrogen in am¬ 
monia or in the atta<‘hment of carbon to nitrogen 
in the cyanide radical ; (ii) a polar or ionised 
link between the oppositely charged ions of a 
salt as in dissolved CrClg or KCN, and also 
between the complex cation [CrBNHg] and the 
3 chlorine ions or between the complex anion 
[Fe(CN)g] and the 4 potassium ions ; (iii) the 
co-ordination link postulated by Werner as 
existing between chromium and 6 ammonia 
or between iron and 4 cyanogen groups. 

In 1857 a remarkable foreshadowing of 
Werner’s views was published by Gibbs and 
Genth in a research on arnmonio-cobalt bases 
wherein they referred to the cobalt atom as 
“ hexatomic,” although they also recognised 
that the combining capacity (principal valency) 
of this atom was 3. They referred to the 
inner co-ordination sphere of cobalt with 6 
associating units as the “ conjunct ” (“ Smith¬ 
sonian Contribution to Knowledge,” Washing¬ 
ton, 1857, IX). 

Manifold Associating Groups. —In the 
foregoing examples, fCrGNHgjClg and 
K 4 [Fe(CN)g], the ammonia and cyanogen 
groups occupy only one position within the 
co-ordination sphere, and a similar degree of 
association is manifested by the halogens, water, 
hydroxyl groups, oxygen, p 3 Tidine, methylamine, 
dialkyl- or diaryl-sulphides, phosphines, arsines, 
and many other molecular species. But co¬ 
ordination is by no means confined to such single 
associating units. There are a great many 
examples of compounds which contribute 2 , 3 , 
or 4 units to the co-ordination complex. ' 


Chelate Groups .—Compounds such as ethylene- 
diamine and radicals such as the oxalate group 
C0O4, which each function in the co-ordination 
sphere as two associating units or doubly bound 
groups, often to form exceedingly stable co¬ 
ordination complexes, have been grouped by 
Morgan (.l.C. 8 . 1920, 117, 1457) under the con¬ 
venient general term of chelate groups [from 
(Greek), chela (Latin), chely, (Knglish)] the crab’s 
pincer claw. Ck'rtain of these cladate groups 
have played an important jmrt in the demonstra¬ 
tion of stereo(*heniical structure of co-ordination 
compounds. 

2:2'-l)i])yridyl (T) and o-phenantliroline (II) 
furnish exampl(\s of such chelate groups, both of 
which were employed by Werner in the demon¬ 
stration of octahedral structure. 


?N - 


N ^ 


N 


\_7 


N. 


Dijjy.” 

I. 


” riicnan.’ 

11 . 


Blau had previously prepared the dark red tris- 
2 : 2 '-dipyridyl ferrous bromide 

[Fe3dipy]Br.2,6H20 

(Monatsh. 1898,19, 647), and Werner (Her. 1912, 
45, 433) showed that this salt could be resolved 
into optically active forms. Morgan and 
Burstall have since r(‘solvcd the analogous pale 
red nickel salts, | NiSdipyJCIg.BHgO, into 
dextro- and la^vo-componcnts (J.C.S. 1931, 

2214). The corresponding orange red bivalent 
ruthenium salt [RuSdipyJCIgBHoO has also 
proved sufficiently stable for resolution into 
optically active forms (Burstall, J.C.S. 1936, 173). 

These 2 chelate bases have also proved usefid 
in demonstrating the bivalency of silver. 
Hieber and Muhlbaiier (Ber. 1928, 61, [B], 
2149) have obtained bivalent silver salts such 

[Ag 2 phenan]S 20 g or Xg, 

where X-HSO 4 , NOg, CIO 3 , or CIO 4 , and 
Morgan and Burstall (J.C.S. 1930, 2594) have 
prepared the salts [Agl^dipyJSgO^ or (H 804 ) 2 , 
while Barbieri (Atti R. Accad. Lincei, 1932, 
16, 44) has obtained the derivatives 

[Ag2dipy](NO,), or (CIO,),. 

Chelate groups need not be organic, for 
Werner was able to show that the basic cobaltic 
salt, dodecamminohexoltetracobaltic chloride 
containing 3 chelate groups {(HO) 2 Co 4 N H,} 
is resolvable into optically active forms (Ber. 
1907, 40, 2113 ; 1914, 47, 3087). 

In more recent times, Mann (J.C.S. 1933, 412) 
has isolated optically active components of a 
complex rhodium salt containing sulphamide. 




so/""} Rh 

\nhJ, 




OH- 


^ohJ 


Na 
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Whereas many chelate groups are attached to a 
metal with formation of a stable live-membered 
ring system, the foregoing sulphamide derivative 
contains a four-membered ring. Other examples 
of this type of chelation are present in com^ox 
sulphates and carbonates such as 


and 


Jo,S:^°^Co4NH3j 

1^0: CC^°^Co4N Hjj 


Cl 

Cl 


and also among many polynuclear compounds 
{v. infra). 

Six-niembercd chelate rings are very plentiful 
among co-ordination comf>ounds and include 
derivatives of 1:3-diaminopropane, 


HaN-CHgCHgCHa-NHa, 

of malonit! acid, HOOC-CHg COOH, and the 
characteristic and notable metallic complexes of 
acetylacotonc. 

Metallic Acetylacetones .—The univalent radical 
CHg-CO-CH :C(CH3)-0—derived from acetyl- 
acetone furnishes an important chelate group, 
and similar groups are derived from the homo¬ 
logous ^-diketones and analogous ^-keto esters. 
Idiia acetylacetone radical enters into combina¬ 
tion with many of the metals as a doubly bound 
group and gives rise to cyclic co-ordination 
compounds of remarkable stability, often having 
other exceptional properties such as unusual 
colour, solubility in organic media, and volatility 
without decomposition. In the last respect this 
chelate group may bo said to give wings to 
metals. Aluminium and scandium acetyl- 
acetones represented by the general formula (I) 
(where X'"=AI or Sc) are volatile without 
decomposition. 



other elements of the fourth periodic series are 
shown in the following series : 

[Ti“Ac”g]FeCl4 ; rGe“Ac”3lCuX2; 
rGe*‘Ac’’2X2]; [Sn‘*Ac”2X2]; iZr‘‘Ac”3]CI ; 
[Zr-Ac’^J ; [Hf“Ac”4] ; [Ce“Ac’’3j ; 

LCe‘‘Ac”J ; [Pb“Ac” 2 ]; [Th“Ac’’J. 

Although the vast majority of chelate rings 
are those of five and six members, there 
are a few examples of seven- and even eight- 
membered rings. The former including car¬ 
boxylic acids such as succinic, maleic, and 
itaconic acids, are exemplified by the cobaltam- 
mino (1) : 


I Co(en )2 NO 3 

LCH 2 COO/ J 

I. 

/CHgCOO.^ 

OaS^ /Co(en)2 

L ^CHaCOO/ 

Ji. 

(“cn” — othylcncdlaininc.) 


(Duff, J.C.8. 1921, 119, 385) wdicrcas the eight- 
membered ring is pn'sent in the complex salt of 
sulphonyldiacetic acid (11) (Price and Brazier, 
J.C.S. 1915,107, 1367). 

Tridentate Groups .—Threefold associating 
groups have been recognised such as a^y- 
triaminopropane-^“tpn,” which ('o-ordinates 
wdth cobalt and rhodium as a tridentate radical 
to furnish the complex salts [Co 2 tpnJCl 3 and 
{Rh2tpn]l3 (Mann and Pope, Proc. Roy. 8oc. 
1925, (A), 107, 80), and 2:2':2"- tripyridyl or 
di-2-pyridyl-2:6-pyridirie (“tripy") which forms 
tw'o scries of salts containing resf)ectively 2 and 
1 molecules of the triarnine. The forfner series 
is exemplified by the purple ferrous salt 
[Fe 2 tripy]Br 2 l and 4 H 2 O and the latter by 
the stable red platinous compound 

[PtCItripyJCIg, 2 and 


(Morgan and Burstall, J.C.S. 1932, 22; 1934, 
1498). 

Quadridentate Groups .—A fourfold associating 
unit is furnished by the bivalent radical of 
othylcnediaminebisacetylacetone. 


{CH2N:C(CH3)CH:C(OH)CH3}2-ec, 


II. 

Thorium acetylacetone containing four of these 
chelate groups has also been distilled. Com¬ 
pounds of similar type have been obtained from 
zirconium, hafnium, and from quadrivalent 
cerium(II, where Yiv=Th, Zr, Hf, orCeiV). The 
acetylacetone radical “ Ac ” and its homologues 
co-ordinate with the elements boron, silicon, 
germanium, titanium, tin and zirconium con¬ 
ferring ionic properties on the complex so that 
polar compounds arise. The boronium and 
siliconium compounds studied by Dilthey 
(Annalen, 1905, 344, 300 ; Ber. 1903, 36, 923, 
1395, 3207), and Rosenheim, Lowenstamra 
and Singer {ibid. 1833) are of the types 
[B‘‘Ac” 2 ]FeCl 4 or AuCU; [B“Ac” 2 ] 8 PtCl 6 ; 
[Si“Ac’’ 3 ]FeCl 4 or AUCI 4 ; [SP^Ac” 8 ] 2 PtCle. 
Following on silicon the various modes of 
interaction with acetylacetone exhibited by 


which forms remarkably stable complexes 
Ri^ec with copper, nickel, and palladium (III). 


/ \ 

.CMe-N^ .N = MeC. 

<5h 

^CMe—\o—MeC«^ 
III. (M^.Cu, Ni or Pd). 


In the absence of air the two former compounds 
may be boiled without decomposition. The 
cobaltic complex salts [Coec 2 NH 3 ]Br exist 
in stereoisomeric forma (Morgan and Main 
Smith, J.C.S. 1925, 127, 2030; 1926, 912). 
Tri-j3-aminoethylamino N (CH 2 'CH 2 *NH 2 ) 8 = 
“tren” also behaves as a fourfold associating 
compound and gives rise to the platinum salts 
[PttrenJIg and [PtClatrenjClj (Mann and 
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Pope, Proc. Roy. Soc. 1925, 109, A, 455), and 
to the cobaltic derivative 


[(SCN)2Cotren]SCN,H20 

(Mann, J.C.S. 1929, 409). 

Fourfold co-ordinating units of a different 
type are represented in the naturally occurring 
pigments chlorophyll and haemin {v. infra)^ which 
possess a constitution based on that of porphin, 
the parent of the series, which yields metaUic 
derivatives of the type IV (Fischer and Gleim, 
Annalen, 1935, 521, 157 ; Rothemund, J. Amer. 
Chem. Soc. 1936, 58, 625). 
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IV. (M-Mg, Cu, or FeCI) 

Stereochemicaj^ Demonstration of Co¬ 
ordination. —The prevalence of co-ordination 
numbers 4 and 6 suggested that co-ordination 
compounds had a spatial arrangement of their 
associating units corresponding respectively 
with the tetrahedron and octahedron. More¬ 
over, many compounds with a co-ordination 
number of 4 possess a planar distribution of 
addenda with the metallic atom at the centre 
of a flat four-point figure. 

Octahedral Structure .—Werner predicted that 
cobaltammines containing co-ordination com¬ 
plexes of the type [C 0 A 2 B 4 ] would exist in two 
stereo-isomeric forms, and that if the 4 NH 3 
groups of example [CoBr 24 N HgJBr were 
replaced by 2 mols. of ethylenediamine, ^‘en” 
^NHg'CHg-CHg-NHg, then one of the two 
isomeric salts [CoBr 22 en]Br would be 
resolvable into optically active forms (en¬ 
antiomers). His verification of the latter pre¬ 
diction in 1911 gained world-wide acceptance 
of the co-ordination hypothesis and raised it 
to the level of a general theory of chemical com¬ 
bination and molecular structure. 

This demonstration was first accomplished 
with chloroamminodiethylenediaminocobaltic 
chloride [NH 3 CoCI 2 en]Cl 2 , which exists in 
2 isomeric modifications depending on the spatial 
arrangements of associating units in the co¬ 
ordination sphere as illustrated by the following 
figto : 



Cl 

Cis or 1 i 2-Form. Resolvable into 
enantiomerides. 


The racemoid cis-chloride was converted into 
d-bromocamphorsulphonate when the dd-salt 
was found to be more sparingly soluble than the 


/d-salts. The two d-bromocamphorsulphonatos 
were then separately converted into bromides 
which in 1% aqueous solution gave [a]o±43®, 
corresponding with molecular rotation 

[M]o=± 168-7° 


(C line 656*3m/x). These two optically active 
salts w^ere very stable, showing no tendency to 
racemise (Werner, Ber. 1911, 44, 1887). 

Other interesting complex salts, which exhibit 
optical activity, possess the structures 
rM3dipy]Cl2,6HaO 

(where M—Fe, Ru, Os, Ni, and dipy= 2 : 2 '- 
dipyridyl), [MSenjClg (where M = Co, Cr, 
Rh, and en=ethylenediamine) and 


[M(C204)3lK3 

(where M-AI, Cr, Fe^n Coin, Ir, and Rh). 
In these salts the chelate groups 2 : 2 '-dipyridyI, 
ethylenediamine or oxalate radical span the 
six points of an octahedron with the metal at 
the centre. 

Representative co-ordination compounds em¬ 
ployed in subsequent demonstrations were the 
following: [Co 2 NH 32 en]Br 3 ; [CoSenJCIg ; 


NH 2 

engCo Coerio 


NO2 j 

obtained in meso and racemoid forms, 
[CrCl 32 en]X ; fCrSenJXg ; [Cr(C 204 ) 3 ]K 3 ; 
[Rh 3 en]Cl 3 . Optically active forms of com¬ 
pounds having octahedral symmetry have been 
isolated in the case of the following elements 
as the central atom : aluminium, arsenic, 
chromium, cobalt, iron, nickel, iridium, plati¬ 
num, rhodium, ruthenium and osmium. 

In recent years. X-ray analysis has been 
increasingly used in the determination of struc¬ 
ture among co-ordination compounds and a 
considerable number have been shown to possess 
an octahedral distribution of valencies by this 
means. The compounds K 4 [Fe(CN) 3 ], 
KgrPtClel, f C 06 N HglClg, Kgl OsCIgN Hg], 
jRhClSNHglCI 2 represent octahedral structures 
determined by X-rays. As final examples of 
octahedral co-ordination compounds the car¬ 
bonyls of chromium, molybdenum and tungsten 
M(C 0)3 (M = Cr, Mo, or W) may be cited 
since these compounds owe their existence en¬ 
tirely to co-ordinate links between carbon 
monoxide and the metal atom. The arrange¬ 
ment of addenda is indicated in the folowing 
figure (c/. Hieber, Romberg and Miihlbauer, 
Z. anorg. Chem. 1935, 221, 321-349). 


O 
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Tetrahedral Structure .—Even before the recog¬ 
nition by Werner of the co-ordination link a 
demonstration of tetrahedral structure had been 
made in the case of elements other than carbon. 
In 1899 Pope and Peachey showed that quater¬ 
nary ammonium salts of the type [NabcdJ'^X"* 
could be resolved into optical antipodes. Amine 
oxides [NabcO] were obtained in optically 
active forms by Meiseriheimer in 1908, and in 
1911 this observer and Lichtenstadt prepared 
optically active phosphine oxides PabcO. 

Since the enunciation of the co-ordination 
theory, tetrahedral symmetry has been demon¬ 
strated in the case of several other elements. 
Borosalicylic acid (I) has yielded a strychnine 
salt with an optical activity due to the boron 
complex (Boeseken and Meulenhoff, Proc. K. 
Akad. Wetensch. Amsterdam, 1924, 27, 174) ; 
and Mills and Gotts resolved the beryllium 
derivative of benzoylpyruvic acid (II) and 
employed similar moans in demonstrating tetra¬ 
hedral symmetry in zinc compounds (J.C.S. 
1926, 3121). 



by Cox, Wardlaw and Webster (J.C.S. 1936 
776) whereas 4-covalent cupric derivatives {v. 
infra) are planar. A structure of novel type 
has been found by Mann, Purdie and Wells 
(J.C.S. 1936, 1503) for the compound of cuprous 
iodide with triethylarsine, [(Et) 3 AsCu l] 4 . 
The arrangement is tetrahedral with copper 
atoms at the four vertices of the figure whereas 
the iodine atoms are centred but situated rather 
above the four faces of the tetrahe<'lron (IV). 
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Univalent silver derivatives with a co-ordination 
number of 4 are also tetrahedral as exemplified 

by 



^ S-C 


XnhJ 


4J 


Cl 


The tetrahedral distribution of associating units 
round oxygen is indicated by the work of Bragg 
and Morgan (Proc. Roy. Soc. 1923,104, A, 437) 
on basic beryllium acetate, 

Be40(CH3-C02)e(III) 
and its homologues (Morgan and Astbury, ibid. 
1926, 112, 441). 


Be 



Significant results have been obtained from 
determinations of structure by means of X-ray 
analysis. A tetrahedral arrangement of molecules 
in cuprous compounds with a co-ordination 
number of 4 has been demonstrated for the 
well-known cyanide K 3 [Cu(CN)J and the 
thio-acetamide salt 



-e-S-C 


/CH, 

Xnh, 


)J 


Cl 


Whilst Hein and Regler (Ber. 1936,69, [B], 1692) 
obtained indications of optical resolution with 
the silver derivative (V) of 8-hydroxyquinoline, 



which must, therefore, be tetrahedral. Other 
4-covalent compounds of tetrahedral structure 
are the cyanides K 2 [M(CN) 4 ] (M=Zn, Cd 
or Hg) and the well-known and technically 
important nickel carbonyl Ni (CO )4 (VI) (Sutton, 
New and Bentley, J.C.S. 1933, 652 ; Brockway 
and Cross, J. Chem. Phys. 1935, 3, 828). 


O 

lU 



VI. 
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Planar Structures .—In the foregoing survey 
of molecular structure among co-ordination 
compounds it was noted that when manifesting 
their fundamental univalency, copper and silver 
exhibited a tetrahedral arrangement of addenda 
in their fourfold co-ordinated compounds. It 
has now been found that in their higher valent 
states, copper, silver, and gold exhibit a planar 
configuration when the co-ordination number is 
4. By X-ray analysis cupric acetylacetone, 
has been shown to be planar (Cox 
and Webster, J.C.S. 1935, 731) and the com¬ 
pounds [CuCl 2 , 2 H 20 J and [CuCl 22 py] have 
also been shown to be similarly constitiited (Cox, 
Sharratt, Wardlaw and Webster, J.C.S. 1936, 
129 ; Harker, Z. Krist. 1936, 93, 136). The 
planar arrangement among bivalent silver 
derivatives has been demonstrated by X-ray 
study of the argentic derivative of picolinic acid 
(Cox, Wardlaw and Webster, J.C.S. 1936, 775) 



and ter valent gold in potassium auri bromide 
K[AuBr4]2H2d has a planar distribution of 
4 bromine atoms round it (Cox and Webster, 
J.C.S. 1936, 1635). 

Among tin and lead compounds, it is the lower 
valent compounds such as Kgl SnCl 4 ] 2 H 20 and 
[PbCl32SC(NH2)2] which have a planar struc¬ 
ture in contrast to the tetrahedral arrangements 
of stannic derivatives represented by Snl 4 and 
Pb(CeH5)4 in which a fundamental quadri- 
valency is manifested (Cox, Shorter and 
Wardlaw, Nature, 1937, 139, 72). A con¬ 
siderable amount of work has also been carried 
out on planar compounds containing elements 
of group VIII in the Periodic Classification. 
Chemical evidence in support of planar con¬ 
figurations has been obtained by the isolation of 
cis- and trans- forms of the nickel and palladium 
salts of benzylmethylglyoxime (1 and II) 
(Sugden, J.C.S. 1932, 246 ; Dwyer and Mellor, 
J. Amer. Chem. Soc. 1935, 57, 605). 


PhCH.C—CMe 

PhCH.C—CMe 

II II 

II II 

0..-N NOH 

Oi-N NOH 


\ 

M 

M 

/'\ 

/ \ 

HON N->0 

O-s-N NOH 

II II 

MeC—CCHaPh 

II II 

PhCHa-C—CMe 

I. 

II. 


trana (M-Ni or Pd.) cis 


The complex dithio-oxalates of nickel, palladium 
and platinum (III) have been shown to be planar 
by X-ray analysis (Cox, Wardlaw and Webster, 
J.C.S. 1935, 1475). Co-ordinated bivalent 




S S 

A /■ 

M 

./ \^C: 

s s 






III. (M-Ni, Pd or Pt.) 


platinum derivatives have, in some cases, been 
regarded as planar since the inception of the 
Co-ordination Theory by Alfred Werner who 
concluded that the two platosam mines 
(PtCl22NH3) w'erc cis- and trans- isomerides. 



ycn 

p\( 

rNHjs^ /Cl -] 

NH,/ 

\c\ 

Cl/ ^NHa 


Recent X-ray analyses support this conclusion 
and extend planar configurations to Ko[PtCl 4 ], 
LPt4NH3JCl2,H20,[PtCl2,2SMe g], and many 
other compounds including the corresponding 
palladium derivatives. Chelated platinammines 
also conform to a planar distribution of valencies, 
since Drew and Head (J.C.S. 1934, 221) have 
obtained the two isomeric dichlorides : 


H^C-NH- 

/NH„ 

1 

Pt 

.Me^C—NH/ 

^NH2Et 

Me^C—NHax^ 

^NH3 

Pt"^ 

HjC:— nh/ 

^NH2Et 


A similar pair have also been prepared contain¬ 
ing 2 mols. of 25obutylenediarniiie 

[Pt(NH 2 CH 2 CMe 2 NH 2 ) 2 ]Cl 2 ,1 or 2 H 2 O. 


Another elegant proof of the planar arrangement 
of addenda among platinammines lias been 
furnished by Mills and Quibell (J.C.S. 1935, 839), 
who prepared a salt w ith Hie following cation : 


/CH-NHgv 

Ph"^ I Pt'^ 

.CH—NH/ ^NH 

Ph/ 


I ^Me 


and have resolved it into optically active forms 
wdn’ch could not exist if the ion were tetrahedral. 
A final example of planar platinous salts is a 
derivative containing 2:6-di-2'-pyridyl-pyridine, 
in which a tetrahedral arrangement of the tri- 
dentate addendum is seen from the following 
figure to lie inadmissible (Morgan and l^urstall, 
J.C.S. 1934, 1783). 



A noteworthy contribution to the stereo¬ 
chemistry of co-ordination compounds was made 
by the discovery of the phthalocyanines, a series 
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of metallic complexes of unusual structure and 
great stability, conveniently produced by 



M Cu, Be, Mg, Ca, Zn, Cd, Ba, Sn” 
Pb, Fe, Mn, Co, Ni, Pt, AlCI, Vo, Snivel^. 


heating the metal or its chloride with phthalo- 
nitrile ( 1 : 2 -(licyanobenzene), they sublime, in 
many cases, without decomposition at high 
temperatures. The })lanar configuraton of the 
phthalocyanines is confirmed by X-ray examina¬ 
tion. The foregoing formula suggests that the 
organic molecule functions as a fourfold associat¬ 
ing unit ((piadridentate group). The copper 
derivative is an important pigment now known 
commercially as Monastral Fast Blue B.S. 
(Linstead and co-workers, J.C.S. 1934, 1016- 
1033; 1930, 1719-1738). The corresponding 

naphthalocyanincs have also been prepared 
from 1: 2 -dicyanonaphthaleno (iWem J.C.S. 1936, 
1744). 

Polynuclear Compounds. — Co-ordination 
compounds may contain 2 or more nuclear 
atoms in the complexes. Among non-polar 
substances arc basic berj^Uium acetate Be 40 AcQ 
and its homologues. From a very large group 
of complex polynuclear salts the following 
comparatively simple examples are selected : 

[en2Cr(OH)2Cr eOjlBr^; 

r /NHgv 1 

^Co(NH 3)4 (NOa)^; 

[Cu 26 tul(N 03 ) 22 Aq. ; [CuaTtuKNOa),; 

[Cu25etuH20](N03)2,3Aq. ; and 

[Ag23etu](N08)2 ; 

where “ tu ’’—thiourea and “ etu ’’^ethylene 
thiourea. A series of remarkable chloroacids 
has the general formula [H 20 -X 8 Cl 7 ]H, 3 Aq. 
where X = Mo, Ta, or W (and probably Nb). 
These complex acids are derived from the 
chlorides (XCI,), or X gClg, which contain a 
stable inner core X 3 CI 4 . Accordingly the 
structure 


Cl 


1 \C|/ \ci/ 



Cl 


has been proposed for the parent chlorides. The 
complex phospho-molybdic and tungstic acids 
are limiting examples of a numerous and diversi¬ 


fied class of hetero-polynuclear acids (“ hetero¬ 
poly basic acids ”) ; their salts may be written 
as [PO4I 2 X 03 ]R 3 , nAq., where X^-Mo or W 
and R=N a, K or NH 4 . Moreover, phos¬ 
phorus may be replaced by arsenic. These 
derivatives contain a basic tetrahedron with 
phosphorus at the centre and 4 oxygon atoms 
at the points of the solid figure. On this simple 
structure is built up a symmetrical arrangement 
of 12 interlocking WOg units which are divided 
lip into 4 groups of 3 octahedra. In each 
WOg group, 1 oxygen atom is held in common 
with the phosphorus atom (and is also shared 
with 2 other WOg gr()ui)s), 2 are shared with 
tungsten atoms of its own group of 3 0 (;tahedra, 
2 with metallic atoms of other groups of octa¬ 
hedra, and 1 is unshared by other atoms. A 
similar arrangement is exhibited by the 
acids H 4 [MXi 204 „], H 5 [BWi 204 o] and 

Hg[H 2 Wi 204 o], where Ge, and 

X = Mo and W (Keggin, Proc. Hoy. Soc. 1934, 
144, 75 ; Illingworth and Keggin, J.C.S. 1935, 
575). 

Other Co-ordtnation Numbers. —In addi¬ 
tion to co-ordination niimhers 4 and 6 , which 
suggest respectively tetrahedral and octahedral 
arrangements, there are metallic complexes and 
complex salts containing 8 associating units 
such as the acctylacetones of cerium, zirconium 
and thorium already mentioned, and salts with 
eightfold complex cations as 

[Cu 8 NH 3 ][Pt(CNS) 4 ], 

[Mg 8 H 20 ][Th(N 03 ),] 

or w’ith an eightfold anion as in K 4 [Mo(CN) 8 ]. 
which gives rise to the free acid 

H4[Mo(CN)8],6H20 

There is, however, no evidence as to the spatial 
arrangement of associating units in these com¬ 
pounds. In a study of the alums which were 
formerly supposed to indicate a co-ordination 
number of 12, the tervalcnt metal is surrounded by 
6 niols. of water, [Mn^6H20]MJ(S04)26H20. 
The arrangement of the remaining w^ater mole¬ 
cules differs slightly according to the size of the 
univalent metallic ion (Lipsoii, Proc. Roy. Soc. 
1935, 151, 347). 

Reference should be made to compounds ex¬ 
hibiting odd co-ordination numbers (C.N.) : 

C.N. Three. —This number is displayed in a 
series of oxy- and thio-acids in which the 
principal valency of the central element may 
vary from three to five : borates [BOg], car¬ 
bonates [COg], thiocarbonates [CSg], nitrates 
[NOg], and sulphites [SO3], meta acids of 
phosphorus, antimony, vanadium, columbium 
and tantalum [XO3], chlorates [CIO3], bromates 
[BrOg] and iodates [IO 3 ]. 

C.N. Five. —Cupric halides co-ordinated with 
5 mols. of ammonia, pyridine, etc., e.g. 

[CuSbasejXg. 

C.N. sevenf of which scries the analytically 
important KgTaFy is the most outstanding 
example. It is noteworthy that tantalum also 
gives a more regular type KgTaFg. 

Electronic Interpretation of Co-ordina¬ 
tion.—^T he electronic conception of matter 



334 


CO-OKDINATION COMPOUNDS. 


gives precision to the co-ordination theory since 
it offers a simple explanation of the three mani¬ 
festations of valency now recognised by 
chemists : ( 1 ) Electro valency with polar or 

ionisable links as in the oppositely charged ions of 
sodium chloride, NaCI~» ammonium chloride 
NH 4 +CI- or hcxamminocobaltic chloride 

[CoeNHgl+^ + CIa- 

( 2 ) Covalency with nonpolar non-ionisable 
links such as those which unite carbon to h 3 ’^dro- 
gen in me^thane, nitrogen to hydrogen in 
ammonia, or carbon to nitrogen in cyanogen. 

(3) The co-ordinate link of Werner such as 
combines cobalt with ammonia in the foregoing 
cobaltammine. 

The driving force discernible in these three 
types of linking is a tendency on the part of each 
of the combining atoms to assume the electronic 
configuration of the nearest inert- gas. Of these 
gases helium has 2 electrons, but each of the 
others has outer groups of 8 electrons—the 
octet. 

( 1 ) KUctrovaleyicy {the Polar Linlc), —In form¬ 
ing sodium chloride, sodium gives its single 
outer electron to chlorine, and by this exchange 
the sodium ion acquires the electronic configura¬ 
tion of neon while the chlorine ion completes its 
octet, thus resembling argon. 

( 2 ) Covalency {the Non-polar Link). —The two 
combining atoms share electrons as in methane, 
which contains 4 covalent links. Each of these 
4 links includes 2 electrons, 1 contributed by 
carbon and 1 by h^'drogen, so that in methane 
carbon has assumed the electronic structure of 
neon and each hydrogen has acquired the 2 
electrons characteristic of helium. This type 
of non-polar link to which each of two combining 
elements contributes 1 electron is typical of 
the non-polar compounds of organic chemistry. 

(3) Co-ordination Covalency {the Co-ordinate 
Link). —This mode of attachment differs from 
the foregoing type of co-valency or non-polar 
link in that both electrons are furnished by one 
of the combining elements (Sigdwick, J.C.S. 
1923, 123, 725). This type of combination is 
exemplified in the luteocobaltammine 

[COeNHglClg, 

wherein the tervalent cobalt ion which differs 
electronically from krypton by 12 electrons 
completes its quota of electrons by co-ordinating 
with 6 mols. of ammonia. In this combination 
each nitrogen atom contributes 2 shared elec¬ 
trons, so that within the co-ordination sphere 
the cobalt has acquired the electronic configura¬ 
tion of krypton, whereas each nitrogen retains 
the octet of neon. 

By a similar process of reasoning it may be 
shown that this electronic equality holds in the 
case of purpurocobaltammine [C 0 CI 6 N HgjClg, 
and also generally among co-ordination com¬ 
pounds of tervalent cobalt. The fact that the 
acquirement of a complete octet by cobalt 
coincides with the symmetrical octahedral 
grouping of 6 associating imits affords an ex¬ 
planation of the existence of so many weU- 
defined members of this cobaltammine series 
and accounts for the stability of complex co- 


baitic salts such as K 3 [Co(N 02 ) 6 ] and 
NaJCo(CN)8]. 

This coincidence is also apparent in the case 
of the platinammine compounds of tetradio 
platinum of the following series : [Pt 6 NH 3 ]Cl 4 ; 
[PtClSNHgJCIg ; and intermediate types to 
[PtCl 42 NH 3 ]; LPtCIgNHglK; and [PtCIgJKg. 

As regards co-ordination compounds, chromium 
resembles cobalt, giving rise to numerous am- 
mines and complex salts, but in this instance 
the development of octahedral symmetry does 
not coincide exactly with the ac(piirement by 
the central metallic atom of an electronic 
structure characteristic of krypton. Through¬ 
out the scries there is a deficiency of 3 electrons, 
blit, nevertheless, many individuals of this 
numerous group of co-ordinated chromi(^ de¬ 
rivatives show remarkable stability wit h similar 
phenomena of stereoisomerism and oj)tically 
active enantioraerides. 

Certain of the co-ordination compounds of 
nickel and copper show the opi)osite tendency 
in the combination of these bivalent metals with 
6 associating units. For if each unit should 
contribute 2 electrons, then there would be an 
excess of electrons over the number required to 
endow the metallic radical with the electronic 
structure of krypton. Nevertheless, such a 
complex salt as fNiSdipyJCIg is sufficiently 
stable to be resolvable into ojitically active 
onantiomerides. 

This interpretation of co-ordination as taking 
place with 2 electrons does not, how ever, exclude 
a 1-electron covalent link. In the copper 
derivative {v. supra) of ethylenediaminobis- 
acctylaoetone (Cuec) the cupric ion is still 1 
electron short of the kr^'pton structure w hich, 
how^ever, is acquired when this compound co¬ 
ordinates further wdth water or ethylenediamine 
h^’drate to form respectively [HgOCuec] and 
[ecCuNHjCgH^NHglOH, the latter de¬ 
hydrating to 

[ecCuNHgCgH^NHgCuec] 

These addenda are more loosely held than the 
original “ec,” a circumstance which suggests the 
single link. In the nickel complex [Niec] the 
metal is still 2 electrons short of the krypton 
structure, and this unsaturation is revealed by 
the formation of ammino- and ethylenediamino- 
compounds [ 2 NH 3 Niec] and 

[C2H4(NH2)2Niec] 

(Morgan and Main Smith, J.C.S. 1925, 127, 
2030 ; 1926, 912). 

Noteworthy Examples of Co-ordination 
Phenomena. 

A Wider Basis for the Principle of Isomorphism, 
—The older principle of integral valency led to 
structural formulas which afforded no explana¬ 
tion of the isomorphism of calcite and sodium 
nitrate which were formerly formulated as 

/0\ Ok 

0:C( ,Ca and ^NONa 

\o/ 

respectively. But if the anions are [CO 3 ] and 
[NO3] with a similar arrangement of Oxygens 
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round the central atom, then the rhombohedral 
structure of these two compounds becomes explic¬ 
able in terms of isomorphism. These ideas were 
developed by T. V. Barker (J.C.S. 1912, 101, 
2484), who showed that the following sub¬ 
stances were members of isomorphous series : 
K 2 SO 4 , K 2 BeF 4 , and (NMe 4 ) 2 HgCl 4 (ortho¬ 
rhombic), KCIO 4 , BaS 04 , and KBF 4 (ortho¬ 
rhombic), xenotime YPO 4 , zircon 2 rSi 04 , and 
cassitcrito Sn 204 (tetragonal), 

CuLTiF4]4H20 ; Cu[Nb0F6]4H20 
and CuW 02 F 4 , 4 H 20 (monoclinic). The double 
salt K 2 BeF 4 ,Al 2 (S 04 ) 3 , 24 H 20 crystallises in 
cubic octahedra and is a true alum, as is also 
K 2 ZnCl 4 ,Al 2 (S 04 ) 3 , 24 H 20 (W. R. C. Curjel, 
Nature, 1929, 123, 206). In these substances 
the compounds K 2 [BF 4 ] and K 2 [ZnCl 4 ] are 
isomorphously equivalent to K 2 [S 04 ]. 

Analj/iical lieagents .—The separation of copper 
from cadmium and of cobalt from nickel in 
qualitative analysis is based on the difference in 
stability of two pairs of double cyanides ; 
( 1 ) hydrogen sulphide decomposes the cadini- 
cyanide, K 2 [Cd (C N 14 ], but not the cuprocyanide, 
K 3 [Cu(CN) 4 ]; ( 2 ) hypochlorites or hypo- 

brornites decompose the nickelocyanide 

Na2[Ni(CN)4] 

but not the eobalticyanide Na 3 [Co(CN)g]. 
The (|uantitative estimation of nickel is facili¬ 
tated by the use of its insoluble complexes with 
dimcthylglyoxime, a-benzildioxime, or dicyano- 
diamidine. ^-Naphthoquinoneoxime oneoxime 
dyes) gives a sparingly soluble cobalti-complcx 
used in separating this metal from nickel. 
(see Chemical Analysis, vol. II, p. 612c). 

Nitroso-^-phenylhydroxylamine (cupferron) 
furnishes insoluble red and white complexes with 
ferric and cu})ric salts respectively. The com¬ 
pound 8 -hydroxy quinoline (oxine) has proved 
a useful analytical reagent for many metallic 
ions, since it yields insoluble products of the 
type indicated by tlio following general formula: 



The reddish-violet colorations obtained by the 
action of alkaline copper solutions on biuret are 
complex salts [(C 202 N 3 H 2 ) 2 Cu]K 2 , 4 H 20 or 
[C202N8H2 Cu]K, 3H20, in which this imino- 
diamide is reacting in its moiioenoUc form 
HN:C(0H)NHC0NH2. 

Mordant Dyes .—Included w ithin the two main 
categories of mordant and acid mordant dyes 
are many substances of very varied chemical 
structure, but these otherwise diverse compounds 
have one feature in common, a chelate group 
capable of entering into co-ordination with the 
metallic mordants generally employed in dyeing. 
The coloured effects produced on mordanted 
fibres are internal metalhc complexes (in¬ 
soluble lakes) arising from this combination of 
dye and mordant. 

In many cases the dyes themselves have Httle 


or no colour. Alizarin yellow A and C are 
respectively benzoyl- and acetyl-pyrogallol (I), 
which, although but faintly coloured, furnish 
yellow aluminium lakes (II) : 


CR 



II. 


The quinoneoxime dyes are also simple 
examples of pale yellow to brown mordant or 
adjective dyes (chelate group HON :C—C=0) 
which furnish green and dark brown lakes on 
wool mordanted with iron and chromium 
respectively. 

Alizarin {q-v.) and naphthazarin (alizarin 
black) supply further typical examj)les of such 
mordant dyes. The former (III) possesses 1 
chelate group CO * Q—C-OH, and the latter (IV) 
contains 2. When the hydrogens of the chelate 
groups are replaced by an aj)propriate metal 
(aluminium, iron, chromium, etc.) a coloured 
lake is produced. 



^B(C02CH8)2 

V. VL 


Treatment of III with pyroboric a(;etate reveals 
the presence of 1 chelate group (V), whereas with 
(IV) this reagent gives rise to a diboric ester con¬ 
taining 2 chelate groups (VI). Accordingly the 
quinone (IV) must be 6 : 8 -dihydroxy- 1 :4- 
naphthaquinone and not the 5: 6 -dihydroxy 
analogue as formerly supposed (Dimroth and 
Ruck, Annalen, 1925, 446, 123. 

An azo-group often becomes implicated in the 
chelate complex, as in the case of many hydroxy- 
azo- and dihydroxyazo- dyes. Such colouring 
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matters are substantive dyes on wool or silk 
but their tinctorial effect is changed very con¬ 
siderably when the dye is convcirted into its 
lakes with suitable mordants. Eriochroine red 
B and Palatine chrome black 6 B are examples of 
dihydroxyazo-dyes having chelate groups which 
give rise to tlccp red and black chromic com¬ 
plexes. Jn other instances the lake-producing 
chelate group is developed from the dye by 
oxidation, as when the dyed fabric is developed 
with chromic acid. Diamond black PV, 
Carmoisin \^^S, and the chromotropea arc 
typical examples of such dyes (J. Soc. Dyers 
and Col. 1921, 37, 43 ; 1925, 41, 233). When 
these <lihydroxyazo-dye 8 contain sulphonic 
groups it be(iomes possible to j)roduce a soluble 
lake from dye and nudallic mordant. These 
soluble lakes which already contain the inner 
metallic complexes can be applied substantively 
to animal llbres and have the further advantage 
that they may bo used in metallic vessels, 
since the lake is far less affected than the dye by 
the metal of the container. A group of these 
soluble lakes is sold under the generic name of 
neolan dyes. 

The natural mordant dyes such as cochineal, 
lac, logwood and the redwoods also contain 
chelate groups capable of co-ordinating with 
metallic mordants, and it is to the presence of 
such chelate groups (generally of the ortho- 
hydroxyketone type) that they owe their tinc¬ 
torial properties. 

Eepresentalive Minerals. —The chemical con¬ 
stitutions of many mineral species are most 
readily explic'able in terms of co-ordination. 
The apatite group is a notable example, and it 
contains the following series : chloroapatite, 
[Ca 3 [Ca 3 (P 04 ) 2 ]]Cl 2 , pyroniorphite, 

LPb3{Pb3{P04)2}]Cl2, 

mimetite, (Pb 3 [Pb 3 (As 04 h]]C\„ vanadinite, 
[Pb3{Pb3(V04)2}]Cl2. 

The spinels having the general formula 
4 ] also lorin a noteworthy group of 
isomorphous minerals, including the following 
species: spinel, Algl Mg 04 j, hercynite, 

AljlFeOJ, chromite, Cr 2 [Fe 04 ], magnesio- 
ferrite, Fe 2 [Mg 04 ], gahnite, Al 2 [Zn 04 ], and 
magnetite, Fe 2 [Fe 04 ]. The naturally occurring 
silicates are also most readily explicable in terms j 
of the co-ordination theory. In these minerals I 
silicon has a co-ordination number of 4 as, for 
example, in the ion [ 8104 ]. 

Among copper minerals are the well-known 
atacamite 

[Cu3{Cu(OH)2}]Cl2 

and the corresponding sulphate, brochantite, 
[Cu3{Cu ( 0 H) 2 }]S 04 . Contrary to an opinion 
which has prevailed for a century the green 
patina developing on copper roofs is not basic 
copper carbonate but basic copper sulphate, 
[Cu a:{Cu ( 0 H) 2 }]S 04 , in wdiich x varies from 
1 to 3. In an artificial patina produced electro- 
lytically, x—l^ whereas in the natural patinas 
produced by exposure of more than 70 years 
X approximates closely to 3, so that the corrosion 
product is a co-ordination compound identical 
in composition with brochantite (Vernon and 
Whitby, J. Inst. Metals, 1930, 44, 2, 389). 


Substances of Physiological Significance .—^The 
fluorine in the enamel of teeth is present in the 
form of fluorapatite, [Ca 3 {Ca 3 (P 04 ) 2 }]F 2 
(G. iShearer). The mineral portion of the bones 
of vertebrates consists mainly of carbonato- 
apatite, [Ca{(P 04 ) 2 Ca 3 )]C 03 , and hydroxy¬ 
apatite, ICa{(P 04 ) 2 Ca 3 }J( 0 H )2 (Bassett, J.C.S. 
1917, 111, 636 ; Hendricks, dclferson, and 
Mosley, Z. Krist. 1932, 81, 382), whereas the bone 
ash from fish and mammals contains as main 
constituent the complex phosphate 


[Ca6{Ca3(P04)2}(0H)2 

(Morgulis, J. Biol. Chom. 1931, 98, 455). 

An important co-ordination compound of 
physiological signific?ance in the animal kingdom 
is ha^min ( 1 ), the essential ferruginous colouring 


CH:CH, 



jMe 

CHg CH 2 CO 2 H 


matter of blood. Closely allied to this pigment 
is lucmocyanine, the blood colouring matter of 
crustaceans and molluscs, but in this compound 
copper replaces iron. Another ('opper pigment 
of similar tyi)e is turacin, a reddish-purple pro¬ 
duct present in the feathers of the touraco. 

In the vegetable world, the chief co-ordinated 
compound is chlorophyll, the green colouring- 
matter of plants. Two forma, a and have been 
recognised, and the structure of the former 
variety is indicated by II. The jS form contains 
an aldehyde group replacing a methyl group, but 



Phytyl = 

MojCHlCH^laCHMedCHala'CHMedCHglaCMeiCH-CHg. 

11 . 

both forms contain the 4- co-ordinated mag¬ 
nesium atom. 
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G. T. M. and F. H. B. 

C O PA E N E. The Isevorotatory sesquiterpene 
hydrocarbon, copaene^ ^ 16 ^^ 24 ’ 119-120716 

mm., 0*9077, 1*48943, [a]p —13*21°, occurs 

in African Copaiba oil (from Oxysiigma Mannii) 
(Schimmers Deport, 1914, Ajjril, p. 48) and 


in oilofsupa, Henderson, McNab and Robertson 
assigned to it the structure (I) (J.C.S. 1926, 
3077). this differs from that of Semmler and 
Stcnzol (Bcr. 1914, 47, 2555) hydrogen chloride 
as regards the bridge. On treatment with 
it yields cadinefie dihydro-chloride (II) whilst on 
oxidation with ozone or potassium permanganate 
it gives a monobasic k(4.onic acid, copaene ketonic 
acid., ^ 15 ^ 24^3 {aemicarbazone^ m.p. 

221°), which on further oxidation with sodium 
hypobromite yields a dibasic acid copaene 
dicarhoxylic acid, Cj 2 Hjg 04 (IV). 

Apart from cadinene dih^drochioride no 


CHMe CHo 



CH 2 

^)>CMeCI 


2HCI 


HgC 

H 02 C 


CHMe CH 



COgH CHg 
JV. 


NaOBr 


CHMe CH 
HoC CH \ CHo 

I I \i 

HC CH XMe 

C CH2 
CHMeg I03 I. 
CHMe CH 

HoC CH \ CHo 

I I \l 

HO2C CH \CMe 

C^^CH^ 

CHMeg III. 


crystalline derivatives have been prepared from 
copaene. 

J. L. S. 

CO PA I BA. Copaiba, or Balsam of Copaiba, 
is the oleo-resin obtained from various species 
of Copaifera, of w^hich the most important is 
C. Layigsdorfii. The oleo-resin is secreted in 
schizogenous ducts which eventually become 
lysogenouH cavities in the trees, and these are 
opened by boring to allow the secretion to 
flow out. Copaiba is a thick, viscous liquid 
of a yellow to brown colour, often fluorescent. 
In coinmorce the balsam is sold on a description 
which indicates the place from which it is 
exported and which to a considerable extent 
covers the district in which it has been collected 
and, therefore, within reasonable limits, the 
species from which it has been obtained. The 
principal areas of its production are in Brazil 
and the northern portion of South America. 

The best known varieties are Maranham, 
Maracaibo and Para. The principal differences 
between the various balsams are in the pro¬ 
portions of essential oil and resin. Its use is 
entirely confined to medicine, and the standards 
of the 1932 edition of the “ British Pharmaco- 
pmia ” are as follows. Its specific gravity should 
be from 0*960 to 0*995, and the acid value of 
the residue obtained by drying in a water bath 
should be from 120 to 160. The optical rota¬ 
tion of the essential oil obtained by distillation 
by steam or under reduced presence should be 
from —7° to —35°. The resin obtained by drying 
on a water bath should be not less than 60% and 
not more than 65%. 

At present copaiba is seldom adulterated, but 

VoL. III.—22 


if so, the principal adulterants arc gurjun 
balsam and the so-callcd African copaiba. 

Essential oil of copaiba (q.v.) is used to 
some extent in medicine, as is also tlie resin. 
For an exhaustive examination of a sample it 
is necessary to separate the essential oil and 
the resin and examine each separately. The 
essential oil is best distilled in a current of 
steam to avoid decomposition, which takes place 
even when the balsam is distilled in vacuo. 
The table at the top of p. 338 will show the 
figures for a number of typical authentic 
samples, but slight variations may be expected 
in a substance derived from several species 
under varied conditions. These values are 
merely typical, variations from them may 
be expected, and definite limits cannot bo 
given. 

For the detection of gurjun balsam oil, the 
determination of the optical rotation of the 
essential oil is important. Gurjun oil has a 
rotation which is rarely below —70° and often 
reaches —130°, so that a higher rotation than 
—35° in the essential oil renders a sample very 
suspicious. If 3 or 4 drops of the essential oil 
are dissolved in 3 c.c. of glacial acetic acid and 
the mixture is carefully poured on to the surface 
of concentrated sulphuric acid, a dark violet 
colour is developed in the acetic acid solution if 
6% of gurjun oil be present. 

The resin of copaiba consists for the most part 
of bodies of an acid nature. According to 
Schweitzer (Pogg. Ann. 1829, 17, 784 ; 1831, 
21, 172) one principal constituent is a crystalline 
acid melting at 131°, to which the name copaivic 
acid was assigned. Its formula is given as 
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Maranham. 

Maracaibo. 

Cartagena. 

Par4. 

Bahia. 

Sp.gr. of balsam at 15*5° 

0*990 

0*980-0*995 

0*950-0*970 

0*920 

0*975 

Acid value of balsam. 

70-80 

85-90 

60-80 

30-55 

80 

Refractive index of bal¬ 
sam (20°) .... 

1*5120 

1*515 

1*510 

1*508 

1*506 

Essential oil % • • • 

40-50 

45-48 

42 

75 

44 

Sp.gr. of oil at 15-5° . 

0*900 

0*900 

0*904 

0*900 

0*906 

Refractive index of oil at 20° 

1*4980 

1*4980 

1*4960 

1*498 

1*495 

Optical rotation of oil at 20° 

-18° 

-10° 

-20° 

-25° 

-18° 

Acid value of resin . 

135 

80-90 

130 

70 

75 

Ester value of resin . 

38 

60 

45 

85 

75 


C2 oH3o02 - Numerous other acids have been 
described, but as little other than combustion 
results and empirical formulae have been 
quoted, it is not necessary to reproduce them 
here (see Arch. Pharm. 1901, 239, 548). 


According to Freise (Perf, and Essent. Oil Roc. 
1934, 25, 218) there are 15 species of Copaifera to 
be found in Brazil. He has examined 8 samples 
from different species, and gives the following 
as their characters : 


Species of Co- 
■pa if era 

reticulata 

guuanensis 

multijuga 

officinalis 

Martiiy v. 
rigida 

coriacea 

Martii 

glycy- 

ciirpa 

Place of col¬ 
lection . 

Tapajuz 

Jiio Negro 

Tapajoz 

Itio Negro 

Para 

Bahia 

Santarem 

Manes 

Sp.gr. (15^74°) 

0*94-1-004 

0*93~0-975 

0*92-0*955 

0*95-0*998 

0'93-0*90 

0*925-0*965 

0*888-0»912 

(Aniaz.) 

0*958-0*985 

Optical rota¬ 
tion (U)0 
mill, tube, 
at 20") 

- 35° 407 
-37° 10' 
74-81 

-28° 30' 

Not det 

ermined 

-14° 45'/ 

-22° 30'/ 
-28° 15' 
58-82 

Not dett 

rmined. 

Acid no. . 

68-71 1 

81-86 

64-68 

-19° 20' 
72-77 

48-67 

65-82 

Saponifica¬ 
tion no. 

89-91 

92 

77-82 

62-70 

68-88 

Not. det. 

44-62 

72-77 

Solubility in 
90% alco¬ 
hol : vols., 
minimum . 

0 

6*5 

6 

4*5 

12 

10 

5*5 

12 

Essential oil, 

% . . . 

1 

26-31*5 i 

28*5 

48*5-55 

55-58 

60-63 

55-62*5 

38-52 

32-38*5 

Sp.gr. of oil, 
(15"/4") . 

0*935/0*938 

0*910/0*912 

0*895 

0*915/0*918 

0*926/0*929 

0*911/0*914 

0*922/0*928 

0*925/0*945 


See also Balsam of copaiba, “ Allen’s Com¬ 
mercial Organic Analysis,” 5th cd., Vol. IV, 
p. 307; Deussen and Eger (Chem.-Ztg. 1912, 36, 
661) ; Cocking (Chem. and Druggist, 1910, 77, 
119); and von Soden (Chem.-Ztg. 1909, 83, 
428). 

It will be convenient to describe hero the 
so-called African copaiba. This body is also 
known as Jllurin balsam. Its botanical origin 
is uncertain. It has been ascribed to Oxystigma 
Mannii Harms, but is more probably the product 
of Daniellia thurifera. It closely resembles true 
copaiba in characters, the principal physical 
difference being that its essential oil is dextro¬ 
rotatory. The characters of the balsam are as 
follows: 

Specific gravity . . . 0*985-0*998 

Acid value .... 65-60 

Ester value .... 8-10 

lUuric acid, CgoHggOj, melting at 128% is stated 
to be the chief of the resin acids (Tschirch 
and Keto, Arch. Pharm. 1901, 239, 548). 

E J P 

COPAIBA, ESSENTIAL OIL OF.-^ 

The oil distilled from the oleo-resin or balsam 


of copaiba derived from various species of 
Copaifera (Fam. Leguminoste), which are large 
trees found chiefly in Brazil, Venezuela, Guiana 
and Colombia. The oleo-resin is a secretion 
which is obtained by boring the tree and collect¬ 
ing the exudation. It is imported from Maran- 
ham, Maracaibo, Para, Cartagena, and Cayenne. 
The Para variety yields 65-80% of oil, the other 
varieties 35-55%. 

Composition. —This oil consists mainly of 
the sesquiterpenes, )3-caryophyllene and cadi- 
nene. 

Characters. —It is a colourless or pale yellow oil, 
sp.gr. 0*895-0*908, opt. rot. —7° to —35°, ref. 
ind. 1*495-1*500. A solution of 1 ml. of oil 
in 6 ml. of glacial acetic acid should not develop 
more than a faint reddish or purple coloration on 
the addition of 4 drops of nitric acid (absence of 
gurjun balsam). When distilled under reduced 
pressure the first 10% fraction has an optical 
rotation lower than that of the original oil 
(absence of oil of African copaiba). The oil is 
used in medicine as a urinary antiseptic. 

C. T. B. 

COPAL. —This varnish resin is, from a 
commercial point of view, of very great im- 
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portance. It will be convenient to deal with 
its numerous varieties, from a geographical point 
of view. The principal of the copals are as 
follows: 

(1) East African copals. 

(2) West African copals. 

(3) Kauri gum or New Zealand copal. 

(4) East Indian and Manila copals. 

(5) South American copals. 

(1) The trees yielding East African copal (Zanzi¬ 
bar, Lindi and Tanganyika) are Trachylobium 
verrucosurn (Fam. LegamimosaB), Hymencea 
verrucosa (Madagascar) ver- 

rucosum and Copaifera conjugata Milnc- 
Rcdhead (Inhambane). 

The resin ducts are near the surface and no 
injury to the tree is necessary. Native collectors 
recognise three varieties of copal : (a) that 

obtained direct from the trees ; (b) that which 
has dropped from still growing trees and collects 
in the soil, where it has hardened, known as 
“ semi-fossil ” copal ; and (c) that found in the 
soil, which has been dropped from trees no 
longer existing, known as fossil resin. Some 
of the fossil resin lias characteristic rough 
markings, and is known as “ goose skin ” copal. 
This is probably due to uneven contraction of 
the various layers during drying. 

The following analyses of East African copal— 
known generally as Zanzibar, although the 
greater part is produced on the mainland— 
are duo to the Belgian Ministry of Colonies 
(Revue gcneralo de la Colonic beige, 1921, 
552). 



Sp. gr. 

Mois¬ 

ture. 

O/ 

Ash. 

% 

soluble 

in 

alcohol. 

Acid 

value. 

Sap. 

value. 

1 

1-062 

0-81 

0-04 

53'16 

83-1 

83-1 

2 

1-071 

0-87 

0-04 

57-88 

86-7 

89-5 

3 

1-062 

0-80 

0-04 

48-20 

87-6 

89-1 

4 

1-064 

1-15 

0-05 

52-22 

100-7 

100-7 

5 

1-067 

0-89 

0-02 

5 4-.53 

1001 

100-1 

6 

1-061 

0-81 

0-06 

51-72 

95-9 

96-0 

7 

1-074 

0-66 

0-08 

93-74 

153-9 

165-1 

8 

1-0.5,3 

0-,59 

0-04 

93-18 

166-9 

166-9 

9 

1-057 

0-58 

0-01 

81-39 

142-7 

15M 


Similar analyses of Madagascar copal (l.c.) gave 
the following results : 



! 

SP- gr- 

Mois¬ 

ture, 

<) 

/O 

Ash. 

% 

O' 

/o 

soluble 

In 

alcohol. 

Acid 

value. 

Sap. 

value. 

1 

1-062 ' 

0-.52 

0-014 

76 05 

140 3 

155-7 

2 

1-060 

1-09 

0-.10 

57 31 

111-08 

140-3 

3 

1-052 

1-05 

0-27 

49-28 

100-8 

lU-8 


The constituents of Zanzibar copal are not 
known with any degree of certainty. Resenes 
and acids with very high molecular weights have 
been quoted, but until a series of well-defined 
derivatives has been prepared, the individuality 
of those bodies cannot be relied on. Reference 
may be made to the papers of Tschirch and his 
fellow workers (Arch. Fharm. 1896, 234, 552; 
1897, 235, 92; 1901, 239, 145, 298; 1902, 240, 
202, 478 ; 1908, 246, 293). 

(2) Of West African copals, Congo copal is by 
far the most important. The greater part of the 
exports consists of fossil resin. ISierra Leone 
copal is obtained from living trees. V^nrious 
other copals or so-called copals are produced in 
other West African districts. The copal from 
the Belgian Congo is derived chiefly from 
Copaifera Denieusei Harms, and to a smaller 
extent from other Copaifera species. A large 
number of samples have been examined by the 
Belgian Ministry of Colonies, which have been 
collected in numerous districts. Tht^se samples 
gave results wdtliin the following limits : 


Specific gravity . 
Moisture % 

A8hO/„. . . . 

Soluble in alcohol % 
Acid value 
Saponification value 


1033-1 065 
0-26-1OO 
0-017-006 
3882-70-53 
8rv4-143-7 
9M-149r> 


For Tscliirch’s views on the composition of 
Congo copal, see Tschirch and Engel, Arch. 
Pharm. 1908, 246, 293. 

Hellinckx gives figures for Congo copal which 
are of value, since the samples are all graded as 
to colour: 


No. 

Grade. 

Appearance. 

Melting-point °C. 

Sp.gr. 

Acid 

value. 

Sapon. 

value. 

Iodine 

value. 

Lower- 

Upper. 

1 

White 

Transparent white . 

120 

178 

1-0509 

100 

120 

104 

2 

ty 

Opaque white .... 

— 

— 

1-0585 

130 

136 

82 

3 

,, 

Yellowish white, transparent 

110 

160 

1-0482 

117 

132 

73 

4 

yy 

Pinkish white, transparent . 

110 

160 

1-0459 

104 

130 

90 

5 


So-called “ black ” type 

108 

147 

— 

— 

— 

— 

6 

Dark 

Dark brown, much impurity 

135 

185 

— 

— 

— 

— 

7 

9f 

Dark brown, some impurity 

132 

185 

— 

98 

128 

70 

8 

9f 

Pale brown, transparent 

132 

183 

1-0498 

114 

150 

74 

9 

Amber 

Brown, transparent . 

135 

190 

1-0633 

114 

150 

54 

10 

Ivorine. 

90 

135 

— 

84 

120 

69 

11 

ff 

Pale brown, white striations 

126 

160 

1-0486 

85 

160 

96 

12 

ff 

Brownish, opaque 

130 

167 

— 

90 

130 

14 

13 

$f 

Brown, chalky appearance . 

125 

195 

— 

79 

121 

110 

14 

ff 

Yellow opaque .... 

95 

145 

1-0550 

42 

59 

72 
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It will be seen that the analytical examination 
of copal must be regarded as quite subsidiary 
to the expert knowledge gained by those 
accustomed to handle specimens of known 
origin. 

(3) Kauri gum or New Zealand copal is the 
product of Agathis australis (Fam. Araucariacea^), 
the fossil “ gum ” being dug from the soil. 
The tree is said to live for over 3,000 years. 

Kauri “ gum varies greatly in quality, as 
some is found in fine, clear, bold pieces, some as 
small fragments, and some adherent to old tree 
stumps, from which it has to be extracted. 

This resin has the following characters : 


Moisture % . . . 

2-5 

ABh% '. . . . 

0-0-2 

Acid value 

. 60-80 

Saponification value . 

. 84-1.30 

Insoluble in CHCI3, ^ 

. 2-20 

Iodine value . 

. 100-125 


Tschirch and his fellow workers have, as with 
most of the copals, given formula?, for various 
acids isolated from this resin, but the most 
recent work on the subject is that of Ruzicka 
and Hosking (Annalen, 1929, 469, 147 ; Relv. 
Chim. Acta, 1930, 13, 1402 ; ibid, 1931, 

14, 203. They isolated a crystalline acid, 

C20H30O40, which they termed agathic- 
bi(;arboxylic acid {q^v.) It is present in both 
Now Zealand and Manila copals. An ether- 
soluble amorphous resin acid from Manila copal 
on dehydrogenation with selenium gave I : 2 : 5- 
trimethylnaphthalene, a hydrocarbon, 
and retene, whilst agathic acid yielded 
pimanthrene but no retene. 

(4) The East Indian and Manila copals, which 
include the copals from the islands of the South 
Pacific from Sumatra and the Malay Peninsula 
on the west to Celebes and the Philippine 
Islands on the east, are derived mostly from 
the living tree Agathis alba. These copals have 


the following characters : 

Acid value (of pure resin) . . . 120-150 

Saponification value (of pure resin) 165-190 
loine value.90-120 


For the older views as to chemical composition, 
see Tschirch and Koch (Arch. Pharm. 1902, 
240, (3), 202) and Richmond (Philippine J. Sci. 
1910, 6, 177). 

Ruzicka, Steiger and Schinz (Helv. Chim. 
Acta, 1926, 9, 962) have examined Manila copal 
and found it to consist of 80% of acids as 
follows : 

(i) A monobasic acid, C15H24O2 or Ci^HgeOg 

(ii) A dibasic acid, C23Ha404, apparently 

identical with Richmond’s acid, 
^ 28 ^ 8404 * 

(iii) A dibasic acid, C,oH 

6o04- 

(5) The South American copals are probably 
derived from species of Hymenceay but are not 
of great commercial importance. 

In general properties the copals vary in 
colour from white to yellow, red, brown and 
brownish-black ; their softening and melting- 
points and their specific gravities also vary. 
An excellent criterion of the value of copal is its 
hardness. Generally speaking the harder the 
copal the greater its value, but this does not 


always apply to kauri copal. The following 
table fairly represents the average hardness of 
copals taken in their order, with Zanzibar copal 
at the head of the list : 

(1) Zanzibar. (8) White Bcnguela. 

(2) Mozambique. (9) Cameroon. 

(3) Lindi. (10) Congo. 

(4) Red Angola. (11) Manila. 

(5) Pebble Copal. (12) White Angola. 

(6) Sierra Leone, old. (13) Kauri. 

(7) Yellow Bengucla. (14) Sierra Leone, new. 

Copal is partially soluble in many organic 
solvents ; for example, in alcohol, especially 
after it has been left to swell up in ether. 
But to convert copals into a completely soluble 
form it is necessary to heat them, sometimes 
even to the point of destructive distillation at 
40()°C., when the resin becomes soluble in tur¬ 
pentine or linseed oil. 

Many analytical values have been published 
for copal in general. The following papers 
should be consulted : R. Williams (Chem. News, 
1888, 58, 224) ; Lippert and Reissiger (Z. 
angew. Chem. 1900, IS, 1047) ; Schmidt and 
Erban (Z. angew. (’hem. 1889, 1, 35) ; Worstall 
(J. Arner. Chem. Soc. 1903, 25, 860) ; Hellinckx 
(Dissertation, Louvain University, 1935). 

Iodine Value. —The most full examination of 
the iodine value is that of Worstall (?.c.) and, 
for Congo copal, Hellinckx (/.c.). Worstall 
gives the following values based on the Hiibl 
method: 


Type. 


Maximum. Minimum. 

Kauri 


. 170 

74 

Manila 


. 148 

104 

Pontianac 


. 142 

119 

Zanzibar . 


. 123 

115 

Mozambique 



136 

Madagascar . 



126 

West African 


! 143 

122 

Sierra Leone 


. 105 

102 

Brazilian 


. 134 

123 

E. J. P. 

COPALIN. 

Highgate 

resin. . 

A fossil resin 


found in the blue clay of Highgate Hill. 

CO-PIGMENTS. The influence of tannin 
in increasing the blue tone of anthocyanin 
flower pigments when they are in solution 
was first observed by Willstiltter and Zollinger 
(Annalen, 1916, 412, 212). The phenomenon 
was further studied by (1. and R. Robinson 
(Biochem. J. 1931, 25, 1687; 1932, 26, 1647), 
who discovered the importance and significance 
of not only tannins but of other colourless 
substances in flower colour variation. They 
termed all these compounds which turn antho- 
cyanins blue “ co-pigments.” Typical co¬ 
pigment effects are seen in magenta and rose- 
pink Chinese primulas as compared with red and 
salmon ones, and in the purple inner petals of the 
fuchsia. 

A co-pigment effect is visible in vitro as well 
as in vivoy but is lost at boiling-point or on 
extraction with an immiscible solvent, such as 
amyl alcohol or ethyl acetate, and regained 
on cooling or on reprecipitation of the co-pigment 
into the aqueous layer. 
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Those compounds are specific in their action 
and exist for all types of anthocyanins, but with 
a few outstanding exceptions pelargonidin 
derivatives, especially S-biosides, are not found 
to bo greatly affected by co-pigments. The 
chief natural co-pigments appear to be the 
tannins and anthoxanthin (flavone and flavonol) 
glycosides. Experimenting with synthetic com¬ 
pounds, G. and R. Robinson found that while 2- 
hydroxyxanthone, papaverine and quinaldine 
act as strong co-pigments on specific antho¬ 
cyanins, 4-hydroxyxanthone, laudarifisine and 
quinoline have very little action. They suggest 
that the phenomenon has little or nothing to 
do with salt formation, since it occurs in the 
presence of a large excess of mineral acid; but 
is evidently the result of the formation of 
weak additive complexes which are dissociated 
at an elevated temjjcrature or by the action of 
solvents. 

Co-pigments not only modify the colour of 
acid anthocyanin extracts, but they also have 
Bj)ecific effects upon distribution numbers and 
upon the colour reactions with ferric chloride, 
sodium carbonate or sodium acetate. 

Robinson, Robinson and Roberts (Biochem. 
J. 1934, 28, 1712), using narcotine and papa¬ 
verine as co-pigments for oenin and chrysanthe- 
min, found that the extent of the depression of 
the normal distribution number (the partition 
value between amyl alcohol and aqueous acid) 
was correlated with the extent of the co-pigment 
effect. Bapaverine was in both cases much 
more effective than narcotine. On plotting the 
log. curve for the distribution of oenin or 
chrysanthemin between amyl alcohol and water 
at various concentrations a slope of 1 instead of 
2 was obtained when excess papaverine was 
present. Since it had already been deduced 
by Levy and Robinson (J.C.S. 1931, 2720) 
that in aqueous solution anthocyanins were 
associated as double molecules, while they were 
single in the bluer amyl alcohol layer, these 
results with co-pigmented extracts point to the 
breaking up of the double molecules by a 
combination between alkaloid and anthocyanin, 
thus giving the distribution and blueing eft'ect 
compatible with single molecules. When (com¬ 
pared over a large range of values, co- 
pigrnented anthocyanins are always found to be 
bluer than the normal pigment (r/. Buxton, 
J. Genetics, 1932). 

The researches (Robinson et al.) upon the 
marked specificity of co-pigment action were 
followed by Lawrence’s observations (Nature, 
1932, 129, 834) upon co-pigmentation in Dahlia, 
and upon the remarkable variation in the 
specific effects of various crude ivory antho¬ 
xanthin extracts upon a number of natural 
anthocyanins {see. Scott-Moncrieff, J. Genetics, 
1936, 32, 117). The effect of these ivory 
pigments upon malvidin S-monoglycoside was 
extreme; with cyanin the effect was strong 
but not so marked, while pelargonin was only 
slightly modified. Moreover, each anthocyanin 
was modified in a different degree by ea(di of tlie 
anthoxanthin extracts. 

Since the production of anthoxanthins and of 
anthocyanins is inversely correlated, a co- 
pigmented magenta or blue flower is necessarily 


paler in colour than the corresponding red or 
purple unco-pigmented variety (Lawrence and 
8cott-Moncrieff', J, Geneti(\s, 193fi, 30, 155). 

R. S,-M. 

COPPER (Fr. Cuivre ; Ger. Kupfer), 
Sym. Cu, at. wt. 63-57, at. no. 29, isotopes 
63, 65. 

Occurrence. —Copper occurs in the native 
state in many localities and is widely distributed 
as compouncis of the metal, the following being 
the most important minerals from which it is 
extracted : native copper, sometimes associated 
with silver and bismuth ; oxides, cuprite Cu^O, 
tenorite or meUiconite CuO ; sulphides, ckalco- 
pyrite or copper pyrites CugSjFegSg, chalrocite or 
copper glance CugS, covellite CuS. bornite. or 
eruhescile Cu5FeS4; double sulphides with 
antimony or arsenic, fetrahedrite 401128,86283, 

ienna.?itite4Cu2S,As2S^,fama.ti7iitt3C\J2^*^^2^6» 

enargite 3Cu2S,As285, bournonite, 

3(PbCu2)8,86383; 

sulphate, chalcanthite or copper vitriol 
Cu804,6HgO; carbonates, malachite 
CuC03,Cu(0H)2, azurite, 2CuC03,Cu (OH)2; 
silicates, chrysocolLa CuO,8102,2H2O, dioptase 
Cu 0,8 i O 2, H 2O ; chloride, atacam ite, 

CuCl2,3Cu(OH)2. 

The importance of the several species of ores 
in the above list varies very inucdi with the 
locality. Thus, while native copper occurs 
to a considerable extent in the Lake Superior 
district of North America and at Monte Gatini, 
Italy, and is worked for the metal, and atacamite 
oca-urs and is w orked at Los Remolinos and the 
Atacama Desert, South America, these minerals 
would in other localities be looked upon as rather 
rare, and as occurring only in the zone of 
w'eathering of copper lodes. So also in the case 
of malachite, this mineral, as an ore of copper, 
has been seldom worked except in small quan¬ 
tities in the upper and oxidiseci portions of some 
copper lodes, yet in the case of the once 
celebrated Burra Burra mine in South Australia 
and at Nishni-Tagilsk in Siberia it formed the 
bulk of the ore produced, and very large 
quantities have been obtained from these 
(iistricts. The most remarkable deposit of 
malachite is that of the Katanga region of the 
Belgian Congo and the adjacent part of Northern 
Rhodesia; this is a most important field for 
copper and produced over a quarter of a million 
tons of the metal in 1936; the minerals are 
malachite, azurite, chrysocolla, melaconite, 
chalcocite, together with, at some mines, 
chalcopyrite and bornite; chalcopyritc and 
other sulphides are encountered at depth. 

Chalcopyrite is the principal commercial 
source of copper and occurs in a number of 
ways, the most important of which are hydro- 
thermal veins as in California, Montana, Arizona, 
Alaska, and Canada, pyrometasomatic deposits 
in which the chalcopyrite occurs with other 
sulphides at or near the contact between 
bodies of intrusive rock and limestone as 
Clifton-Morenci and Bisbee, Arizona; Bingham, 
Utah; Alaska, Canada, Australia, Japan, and 
Korea. Chalcopyrite associated with bornite 
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occurs in the Kupferschiefer at Mansfeld, 
Germany, where the copper minerals occur as 
grains in a shale and are of sedimentary origin 
deposited at the same time as the shale. 

The world’s production of copper is about 
million tons per annum, of which the United 
States, Chili, and the Katanga area of the 
Belgian Congo and Rhodesia each produce about 
one-fifth. Cojipcr ores frequently carry a 
low percentage of copper; thus some ores w'orked 
at a profit carry only 0*5% of the metal, and 
the average content is probably about 2-0%. 
The ore reserves of the Nchanga Consolidated 
Copper Mines of Northern Rhodesia are estimated 
at about 128 million tons having a copper content 
of 4-66%. The Nchanga West portion of this 
total is 41 million tons which includes 5^ million 
tons containing 17% copper. The importance 
of the Northern Rhodesia deposits can be 
realised from the fact that in 1930 the ore 
reserves were reported as 500 million tons, 
with an average content of 4-11% copper 
(Parker and Gray, I’rans. Inst. Min. Met. 1930, 
45, 330). 

Extraction. 

Generally speaking, in all copper ore deposits 
a certain amount of oxidised material is found 
in the portions near the surface, but as depth 
is attained and almost invariably at or about 
the level at which water is reached, the copper- 
bearing minerals change and the oxidised 
minerals give place to sulphide minerals, 
and these iinally to chalcopyrite intimately 
mixed with varying proportions of pyrite. 
Chalcopyrite thus diluted dowm with pyrite, 
pyrotite, etc., forms the ore from which the 
greater proportion of the world’s copper supply 
is derived, and the bulk of the material treated 
at smelting works generally. Such ore some¬ 
times contains appreciable quantities of gold 
and silver. The silver is frequently carried by 
intermixed fahl ore, but also in many instances 
by the pyritic mixture in w^hich distinct silver- 
bearing minerals are not observable. The ores 
as mined generally contain only small percen¬ 
tages of coi)per, frequently not more than 1%, 
and are submitted to some form of concentra¬ 
tion, the most important being flotation pro¬ 
cesses by means of which a concentrate is 
obtained much richer in copper and more 
suitable for treatment and a tailing containing 
very little copper, which can be discarded. 

The actual extraction of the metal and 
production of copper in the metallic state is 
carried out by one of two distinct types of 
process; one of these, by far the most impor¬ 
tant because of its very general application, 
treats the ore by smelting and is known as the 
dry method. The other—of only limited 
application—treats the material with solvents, 
thus obtaining the copper in solutions, trom 
which it is recovered by suitable means, these 
processes are known as wet methods. 

The main consideration which has to be 
taken into account in deciding whether a dry or 
a wet method is best for any given ore is the 
nature of the ore itself, but other considerations 
include the locality of the ore deposit, and this 


includes the availability of suitable fuel supplies, 
water supply, suitable labour, and other require¬ 
ments. 

Dry Methods. —These methods are suitable 
for ores in which the copper is present as 
sulphide, and the object of the first stage 
of the smelting process is to obtain the copper 
in a concentrated form in the first product of 
smelting. For this purpose the ore is smelted 
under oxidising conditions in such a way as to 
produce as the main product a “ matte ” or 
“ regulus ” which consists of cuprous sulphide, 
CUgS, and iron sulphide, FeS, in varying 
proportions, together with sulphides of certain 
other metals which may be present in the ore. 
Practically the whole of the copper present in 
the ore thus passes into the matte and a second 
product containing only traces of copper, 
slag, is also formed. The slag consists of 
the silica originally present in the ore, com¬ 
bined with oxide of iron formed by the oxidation 
of part of the iron sulphide present together 
with earthy bases also present or with lime added 
to the charge. The slag is thus mainly com¬ 
posed of iron silicate, and owing to its low^er 
specific gravity separates easily from the 
matte and is removed to the slag dump. 

Having thus concentrated the co})ptT in the 
matte, the second stage of the process consists 
in the decomposition of this matte in such a 
manner as to eliminate the iron and sulphur 
and, as far as possible, other metallic elements 
w'hich may be present and to yield the copper 
in the metallic state. For this purpose coniplete 
oxidation of the iron sulphide present and the 
combination of the oxide of iron formed wdth 
silica to form a slag is carried out, together 
with partial oxidation of the cuprous sulphide 
and subsequent reaction of copper sulphide 
and oxide yielding metallic copper. This is not 
sufficiently pure for the market as it may 
contain small quantities of impurities originally 
present in the ore and it may also contain 
gold and silver worth recovering. This impure 
copper is commonly known as blister copper, 
from the fact that large blisters are found on 
the surface of the pigs of copper, formed by the 
evolution of sulphur dioxide from the metal 
during its solidification. 

The final process therefore consists in the 
refining of the copper produced as above, or 
in removing as far as practicable the small 
quantities of such elements as may still be 
present which would either injuriously affect the 
metal for manufacturing purposes or be of 
sufficient value to be worth separating. 

The treatment of the ore involves, therefore, 
three distinct operations: 

1. Smelting the ore with the production of 
matte and slag. 

2. Treatment of the matte for the production 
of crude copper. 

3. Refining the crude copper. 

1. Smelting the Ore with the Production 
OP Matte and Slag. —The object of this process 
being the concentration of the copper in the 
matte, the chief considerations kept in view 
are the production of a matte as rich in copper 
and a slag as poor in copper as is practically 
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and economically possible. The desired grade 
of matte for subsequent treatment having been 
decided upon, the smelter regulates this by 
suitably proportioning the sulphur in the 
charge to be treated so that there shall be 
sufficient to form CU2S with all the copper 
present and a further quantity to form FeS 
with some of the iron present so that the matte 
produced shall contain the required percentage 
of copper. From these considerations it will 
be seen that the factor which regulates the 
grade of the matte is the proportion of sulphur 
to copper present in the ore mixture to be 
smelted. When smelting purely pyritic ores or 
concentrates it frequently happens that the 
quantity of sulphur present is considerably in 
excess of requirements, and if smelted direct 
would result in a low grade of matte, so that 
the production of the most suitable grade 
necessitates the removal of this excess of 
sulphur by a preliminary operation known as 
“ calcining ” or more properly “ roasting.’* 

This process consists in subjecting the ore 
to a dull red heat under oxidising conditions so 
that the sulphur combines with oxygen derived 
from air admitted and in contact with the 
ore with the production of sulphur dioxide, which 
is generally used for the manufacture of sulphuric 
acid, while oxide of iron and oxide of copper to 
some extent are formed at the same time. 

The method of carrying out this roasting 
process depends upon the nature of the ore 
and also upon the locality; thus it may be 
roasted: 

(а) In the rough or lump form—in pieces from 
I-in. cube upwards ; or 

(б) In the finely divided state or as concentrates 
obtained by preliminary mechanical washing of 
the ore or by flotation. 

Under (a): Copper ores were formerly 
roasted in heaps in the open air by starting 
the combustion by means of wood, the com¬ 
bustion being maintained by the sulphur 
in the ore. It is evident that there must be 
objections to this method owing to the con¬ 
tamination of the atmosphere with sulphur 
dioxide, and there are few localities where such 
a method would now be tolerated. As an 
improvement on heap roasting, stalls and 
kilns have previously also been used; these 
consisted of series of chambers built back to 
back, suitable flues being arranged to carry the 
fumes to a chimney stack. An improvement 
on these methods consisted of the use of 
“ burners ” or closed chambers similar to those 
used for burning pyrites in sulphuric acid works, 
the sulphur dioxide being used for the manu¬ 
facture of sulphuric acid. 

Under (b): Finely divided copper ores were 
formerly roasted in long-bedded reverberatory 
furnaces to which a firebox was attached 
at one end and an exit for the gases at the other 
end. The ore was dropped from a hopper 
through an opening in the roof on to the bed 
at the flue end of the furnace, where it was 
spread out by suitable tools worked by hand. 
The conditions in the furnace were intonsly 
oxidising and the charge was slowly moved 
from the flue end to the firebox end by the 
workmen, losing sulphm* on its way, and finally 


being discharged through openings in the bed 
into vaults or chambers placed below. The 
labour required on these furnaces was very 
heavy and the output small, so that they have 
now been displaced by other methods of roasting, 
including those in which the ore is stirred, 
moved forward, and discharged by mechanical 
means operated by power. 

Several forms of straight-hearth mechanical 
furnaces have been used similar in principle to 
the hand calciner. For example, one such 
calciner consists of a flat bed, 100 ft. or more 
in length, covered with an arch. At the cool 
end is the inlet for the ore and at the opposite 
end is the outlet. At the hot end also, but on 
the side of the furnace, is a firebox with its 
inlet to the furnace constructed in the roof of 
the latter. Other similar fireboxes are placed 
along the length of the furnace, and at the cool 
end is the flue for carrying off the gases. A 
channel is constructed in the side walls of 
the furnace in which rails are laid and suitable 
carriages with wheels resting on the rails 
stretch across the furnace, to these ploughs 
are attached which, passing through the 
furnace, turn over and mix the ore and at the 
same time carry it forward. The carriages 
and ploughs are moved by a pair of endless chains 
w'hich cause them to travel through the furnace 
in one direction and to return in the other 
direction under the furnace bed. Each time the 
carriage enters the furnace it takes in with it a 
portioii of ore or concentrate to be roasted and 
each time it leaves the funiac(‘- it carries out a 
similar portion of roasted product. 

The McDougall furnace (Fig. 1) is typical of 
the class of roaster largely used at the present 
time. This consists of a series of flat, circular, 
superimposed firebrick hearths enclosed in a 
brick-lined cylinder of steel plate. An iron 
shaft passes centrally up the cylinder through 
openings in the several hearths and is caused to 
revolve by suitable gearing attached to one end. 
This shaft is cooled by water or air. Arms are 
attached to this shaft above each bed. These 
arms extend from the shaft to the periphery 
of the circular beds and have attached to 
them a series of ploughs set at a slight angle to 
the arm. The ore is fed from a hopper on 
to the top bod near the outside and as the arms 
revolve they turn the ore over and gradually 
move it from the outside to the centre of the 
bed. At this point is an opening through which 
the ore falls on to the second bed. On this 
bed the ploughs are so set on the arms that the 
ore travels in the reverse direction and is drawn 
to the outside of the bed. Here it discharges 
on to the third bed and so on until it passes 
out at the bottom of the furnace. Arrangements 
are made for the charging of this hot roasted 
material into reverberatory furnaces with as 
little fall in temperature as possible, leading 
to economy in fuel. The openings through 
w^hich the ore falls from one bed to the other 
serve as flues through which the gases pass 
upwards through the furnace, finally escaping 
through a flue above the top bed to the sulphuric 
acid plant. Attached to the lowest bed is a 
firebox by which the furnace is heated up in 
order to start the roasting; after once being 
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started* little or no fuel is required, as the 
oxidation of the ore provides sufficient heat 
throughout the apparatus ; a partial removal of 
sulphur is all that is required. 

Another method of removing the excess 
sulphur which has been used is known as “ pot 
roasting ” or “ blast roasting.” This method 
has been applied to concentrates and fines and, 
while it eliminates the sulphur, the heat attained 
is at the same time sufficiently intense to cause 
the ore to partially melt or sinter together, 
forming a mass which requires to be broken 
up but is suitable for blast-furnace treatment. 



The process is carried out in a similar manner 
to that used in the treatment of lead and zinc 
ores but is little used in the metallurgy of 
copper. 

After the sulphur in the ore mixture has been 
reduced to the requisite amount it is ready to be 
smelted. For this operation one of two 
distinctly different types of furnace is used. 
These are : (i) blast furnace; (ii) reverberatory 
furnace. 

The choice between these methods of smelting 
depends on a variety of circumstances, all of 
which must have proper consideration, but the 
following are the chief points, viz.: if the ore 
to be smelted is in the state of concentrates as 


most of the material is at the present time 
owing to the development of concentrating 
methods and especially of flotation processes, 
it is generally unsuitable for blast furnace 
treatment, while it is eminently suitable for the 
reverberatory furnace. On the other hand, 
rough on^ is unsuitable for reverberatory 
furnace smelting, and for this blast furnaces are 
used. Certain ores which carry gold and 
silver in the gangue minerals and ores which 
contain both sulphide and oxidised mitierals of 
copper are host treated in blast furnaces. 
-During the smelting of the former, the precious 
metals w'ill pass into the matte formed and will 
be carried into the metallic copper obtained, 
from which they are easily recovenai during 
(dectrolytic refining. 

(i) Blast Furnace Smelting .—The furnace used 
is constructed with water-cooled walls of steel 
plate, each section of which is termed a jacket 
and is generally rectangular in shape. As the 
working of this type of furnace is dependent 
upon an air blast }>rojectcd into the interior, 
the width of the furnac^e is limited by the 
strength of the blast which is required to 
penetrate the charge from the sides to th(^ centre 
of the furnace, while the length of the furnace 
is only limiterl by the capacity required. The 
increase in length is obtained by clamping 
I together tw'O or more of the jackets on eacli 
side, thus extending the longer axis of the 
furnace. 

The jackets stand on a thick cast-iron plate 
carried on iron supports. In some cases, as in 
Fig. 2, these jackets are only used in the lowmr 
part of the furnace, the upper part being 
constructed of brick, b\it the brickwork is now 
generally replaced with a second tier of jackets 
reaching up to the feed floor. Above the 
feed floor the furnace is continued in the form 
of a covered-in brick chamber with lifting 
doors for charging and an outlet for the w^aste 
gases. The charge consists of a proper mixture 
of ore—either raw, raw and calcined, or partially 
calcined—flux, either limestone or silicious 
material, and the necessary amount of coke 
required to form a suitable smelting mixture. 
On the lower floor the furnace is provided with 
spouts through which the molten products of 
the furnace flow. The side jackets of the 
furnace are provided with circular openings 
forming a horizontal lino of openings on each 
side of the furnace through which the tuyeres 
pass for the admission of the blast. The blast 
at a suitable pressure is generated by a blowing 
engine and a plentiful supply of water is circu¬ 
lated through all the jackets, the overflow pipes 
carrying away the hot water. 

The products of the smelting operation carried 
out in this furnace flow out through a spout into 
the settlor. This settlor consists of a tank, 
constructed of stool plates lined with refractory 
material placed in position under the spout. 
It may be 10 ft. or more in diameter and is 
provided with a slag spout near the top and a 
tap hole near the bottom. In this vessel a 
separation of the matte and slag takes place; 

I the matte having the higher specific gravity falls 
I to the bottom and the lighter slag rises to the 
I top, whence it overflows through the slag notch 
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into suitable pots provided for its removal 
to the slag dump. From time to time the matte 
is tapped off through the tap hole at the bottom 
of the settler for further treatment. The work¬ 
ing of this type of furnace j)roceed8 eon- 
tinuously, fresh ore mixture and coke being 
charged at short intervals while a constant flow 
of matte and slag passes out through the 
spout into the settler. 

Pyriiic Smelting ,—This method of working in 
the blast furnace secures in one oj)eration that 
which in the preceding desc ription is attained in 
two processes carried out in separate furnaces. 
In j)yritic smelting the high temperature 
necessary to carry on the smelting is derived 
from the oxidation of the sulphur and iron 
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(chiefly the latter) contained in the ore itself. 
While this method of working without coke as a 
fuel is of the highest importance from an 
economical point of view, it is of limited applica¬ 
tion owing to the fact that comparatively few 
mines produce ore which, as regards its physical 
and chemical constitution, is suitable for this 
method of treatment. In working the process 
it is found advantageous to use from 1 to 3% 
coke instead of the 10 to 12% used in the ordinary 
blast-furnace method of smelting roasted ore. 
A small amount of coke used alters the process 
to a partial pyritic smelting, and is found to be 
desirable in order to keep the charge open. 

In the Mt. Lyell smelter practice the flotation 
concentrate carrying 26% copper and 12% 
moisture is charged direct to the blast furnace 


without drying, roasting, or sintering. The 
blast-fiiniaco treatment of this fine material has 
necessitated the introduction of an efficient 
dust-collecting system in which 30 tons of dust 
per day, containing 25% copper, are obtained. 
This dust is incorporateil with the concentrate 
pulp prior to filtration, and so is returned 
to the blast furnace (J. N. Greenwood, Proc. 
Austral. Inst. Min. Met. 1936, No. 103, 225). 

(ii) Reverberatory-Furnace Smelting ,—The fur¬ 
nace used in this process is esstmtially different 
both in construction and in method of working 
from the blast furnace. Instead of the fuel— 
coke—being burnt in contact with the materials 
to be smelted and the combustion being carried 
on by means of an air blast, the material to he 
smelted occupies one compartment of the 
furnace while the fuel, if lump coal be used, is 
burnt in another. The draught required for the 
combustion of the fuel is quite moderate and is 
obtained by a chimney of suitable height and 
area. The use of lump coal firing has given way 
almost entirely to the use of pulverised coal 
or oil fuel which is introduced through 
suitable burners. The working'bed of the furnace 
in plan is a parallelogram. At one end and 
separated from it by a low partition is the 
firebox or space for necessary burners. At the 
opposite en<l is the outlet flue connecting with 
the chimney. A brick arch extends from the 
firebox end to the flue and covers the furnace 
from side wall to side w^all. The side walls 
of the furnace contain a number of openings 
used in working the process for spreading the 
ore charge, drawing off the slag, etc., and one or 
more tap holes are provided for tapping the 
matte (Fig. 3). 

The furnace walls and roof are constructed of 
highly refractory bricks with an outside casing 
of ordinary bricks, and the w^hole is bound 
together wdth steel girders placed vertically 
and tied together by rods. The charging of 
this furnace takes place from hoppers situated 
above openings in the roof near the side 
walls and extending half the length of the 
furnace from the firing end, and hot, partially 
roasted concentrate is often used. The charge 
melts down and reactions take place betw’een 
oxide of copper and sulphide of iron present 
whereby the w'hole of the c‘op]>er is converted 
into sulphide, according to the equation : 

Cu gO-f FeSCu gS + FeO. 

The oxide of iron thus formed, together with 
that already in the roasted charge, combines 
with the silica in the roasted concentrates, and 
in the converter slags added to the charge for 
copper recovery, together with silica added to 
the charge to provide the correct amount 
necessary for slag formation. The copper 
matte containing all the copper present as 
sulphide together with any excess ferrous 
sulphide forms a layer on the bottom of the 
furnace, and the slag, being of low^cr specific 
gravity, floats on the top. The slag is skimmed 
from the top of the charge and the matte 
removed from the tap hole as required. 

Furnaces 147 ft. long by 23 ft. wide have 
been used in Anaconda, and with five coal-dust 
burners per furnace, 760 tons of charge have been 
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smelted in 24 hours with a consumption of firms the view that heat transfer in a revor- 

100 tons of coal dust. l)eratory furnace is mainly by radiation. The 

In pulverised coal or oil firing, the fuel is shape of the furnace has undergone a gradual 

burnt to give as short a fiarne as possible and the change to allow the rapid evacuation of the 

result is a high temperature peak in the furnace, combustion gases without unnecessary draught, 
The resulting increased tonnage smelted con- the furna(;e being run on something approaching 



a balanced draught. The reactions taking matte suitable for recovery of copper and a 
Pu reverberatory furnaces, especially slag of easy fusibility and as low in copper as 

those between iron sulphide, sulphur dioxide, possible. 

^d copper oxides, have been studied by A. C. 2. Tkeatment op the Matte fob the 
HMlerdahl (Ind. Eng. Chem. 1930, 22, 966). Pbodxjction op Crude Copper. —It has already 
^ The object to be attained in this operation been pointed out that the matte consists of 
^^®/®7^jb®ratory furnace is the same as in cuprous sulphide CugS, with varying proportions 
the blast lumace, viz. the production of a | of ferrous sulphide, FeS, and the further treat- 
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ment of this matte involves the elimination 
of the sulphur and iron, leaving the copper in 
the metallic state. This operation was formerly 
carried out in two stages in two or more separate 
furnaces ; the first stage consisted in removing 
the FeS and obtaining fairly pure CU2S or 
white metal and involved the partial roasting of 
the matte leaving only sufficient sulphur to 
combine with the copper, and the rcrnelting of 
the whole with silica to form a slag with the 
whole of the iron present. The second stage 
consisted in partially roasting the white metal 
until a certain amount of copper oxide was 
formed and remelting the whole together, 
causing the following reactions to take place : 

CU2S+2CU2O-6CU f SO2 
Cu2S-f-2CuO =4 Cu + S02 

The first reaction is the most important as 
representing the change which takes place in 
the largest proportion of the material. These 
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processes were mainly carried out in reverbera¬ 
tory furnaces. 

The reactions indicated above are now 
practically always brought about by the 
“ converter ” or “ Bessemer ” process. 

The converter consists of a vessel formed of 
steel plate with a lining of basic material, 
magnesite bricks, or burnt magnesite. Formerly, 
a silicious lining was used which took part in 
the reactions by supplying the silica for the 
formation of the slag with the ferrous oxide 
formed. This method necessitated the frequent 
relining of the converters, which became expen¬ 
sive, so that basic-lined converters are now 
practically always used, the necessary silica 
being supplied for each charge. The form of 
the vessel is more or less cylindrical with the 
axis of the cylinder placed either horizontally or 
vertically. In the horizontal form the con¬ 
verter is somewhat barrel-shaped, and a hori¬ 
zontal airbox is attached to one side of the 
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vessel for the supply of air to the charge. In the 
vertical form (Fig. 4) a shallow circular airbox is 
attached on the outside at the bottom of the 
vessel. Air at a suitable pressure is supplied 
to the airboxes as required and the supply is 
controlled by suitable valves. The vessel is 
supported on trunnions or friction rollers and i.s 
capable of being rotated by electric or hydraulic 
power. The vessel is provided with a suitable 
aperture serving the purpose of a charging open¬ 
ing through which the matte to be treated is 
poured in a molten condition, also of an outlet 
through which the products of the operation are 
poured, as well as being an escape for the gases 
produced in the process. Charging of the con¬ 
verter with matte is effected by means of a 
launder direct from the furnace or settler or by 
tapping these first into a ladle handled by an 
overhead crane which conveys it to the con¬ 
verter. 

In the case of a basic-lined converter, after 
drying and heating up the lining, a charge of 
molten matte is poured in together with the 
necessary silica to flux the oxide of iron, the 


I converter having been tilted into a suitable 
! position for receiving it. The blast is then 
turned on and the converter tilted over so that 
the tuyeres are brought beneath the surface of 
the matte and the air, being forced through the 
molten sulphides, causes a rapid oxidation of 
both constituents of the ferrous sulphide. 
The sulphur is oxidised to sulphur dioxide and 
the iron to ferrous oxide, which is immediately 
converted into slag by combination with the 
silica present, forming ferrous silicate. As the 
oxidation proceeds, the temperature of the 
charge increases and the operation is continued 
until practically the whole of the iron sulphide 
has been oxidised and the contents of the con¬ 
verter consist of cuprous sulphide and slag. 
The converter is now turned over and the slag 
run off into ladles and returned for re-treatment 
in matte furnaces for the recovery of the copper 
it contains. After pouring off the slag, the 
converter is again turned into the blowing 
position when the second stage of the oxidation 
is commenced. The passage of the air through 
the molten cuprous sulphide brings about the 
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oxidation of a portion of that material to 
cuprous oxide which immediately reacts with 
unaltered cuprous sulphide producing an 
equivalent quantity of metallic copper in 
accordance with the reactions already given. 
This action continues until all the cuprous 
sulphide has been decomposed and the contents 
of the converter consist of metallic copper, 
any small Cjuantity of slag on the surface of 
the copper is skimmed off for retrcatmcnt. 
The metallic copper is then poured by tilting 
the converter. As soon as the copper has been 
poured, the converter is ready to ret'eive another 
charge and the operations are repesated. 

Very large basic-lined converters are now being 
used, and the first stage is often carried out by 
several separate additions of matte. For 
example, .30 to 40 tons of matte may bo poured 
into the converter followed l)y 3 tons of silicious 
ore which may itself be cupriferous. The blast 
is then turned on; for the first few’ minutes a 
pressure of only 5 lb. is used, and after the 
matte and silica have thoroughly intermingled, 
the blast pressure is increased to about 12 lb. 
per sq. in. When the silica has been fluxed by 
the iron oxide the converter is turned down 
and the slag poured off. A further charge of 
10 tons of matte and sufficient silicious ore 
is now added and the blow resumed. This 
removal of slag and additions of matte and 
silica are continued until sufficient wdiite metal 
or cuprous sulphide has accumulated in the 
converter to be blown to metal in the usual 
way. 

For normal converter practice matte contain¬ 
ing 40-45% copper is desired, but the con¬ 
version of low-grade matte containing 22% 
Cu, 45% Fe, 24% S is described by H. R. 
Potts (Trans. Inst. Min. Met. 1928-29, 38, 431). 
The charge per blow consists of 21 tons matte, 
4 tons flux, and 3 tons copper precipitate from 
another process. The charge is blowm in a 
magnesite-lined converter, a temperature of 
1,400^^ being maintained. The blister copper 
obtained weighs about 5 tons per blow and 
about 22 tons of slag high in magnetic oxide, 
and containing 3*4% CU 2 S and 0-5% CU 2 O are 
formed. 

3. Refining. —The method of treatment to be 
adopted in this operation depends upon whether 
(a) the copper is practically free from gold and 
silver and from excessive amounts of deleterious 
elements, or (b) the copper contains appreciable 
quantities of gold and silver or contains undue 
quantities of deleterious elements. 

If the metallic copper produced by the 
operations described under (1) and (2) comes 
under the description (a) above, it can be 
refined by furnace treatment only; if it comes 
under (b) it must be refined electrolytically 
in order to recover the gold and silver or to 
obtain it free from the impurities, and the 
electrodes of purified copper are then treated in a 
refining furnace. 

Under (a) the furnace employed is of the 
reverberatory typo, and the removal of the 
impurities is effected by slowly melting the pigs 
of copper under highly oxidising conditions 
and maintaining this condition until the 
impurities are oxidised and removed, either by 


volatilisation or by passing as oxides into the 
copper silicate slag formed. The oxidation of 
the impurities is facilitated by tlie fa(!t that 
metallic copper has the property of dissolving a 
small proportion of cuprous oxide, which com¬ 
pound is brought into contact with the elements 
to be oxidised under very favourable conditions 
of fluidity. 

The oxidising condition of the bath of molten 
copper is maintained until the impurities are 
removed as far as practicable, and the copper 
contains a maximum quantity of dissolved 
cuprous oxide. In this condition a cast ingot 
shows a depression on the surface and the 
product is know n as “ under-poled ” or “ dry ” 
copper. After removal of the slag the next 
stage consists in reducing the greater portion 
of the dissolved cuprous oxide by covering the 
surface with carbon and d(*i)ressing poles of 
green wood below the surface of the metal, 
when considerable agitation takes place, and the 
cuprous oxide is subjected to the reducing action 
of the gases given off by the pole. This process 
is continued until only a small quantity of 
cuprous oxide remains and the coyjper attains 
the physical condition knowm as “ tough pitch,” 
when it is ladled out into moulds of any required 
shape or run out into a large ladle and thence 
into moulds. In this condition the ingots have 
a fairly flat 8urfa(!e. If the poling be carried on 
too long, so that the whole of the oxide present 
is reduced, the ingots show a rising along the 
centre of the top and the metal is known as 
“ over-poled.” 

The largest refinery plant in this country is 
at Present, where copper is refinotl for British 
Insulated Cables. Ltd., from blister copper 
imported from Roan Antelope Co{)per Mines, 
Ltd. The reverberatory furnaces used are 
33 ft. long, 13 ft. wide (hearth size) anrl of 190 
tons ca])acity, pulverised coal being used as 
fuel. Waste heat boilers are placed at the 
exhaust end and reduce the temperature of 
the waste gases to 200*^. Fuel consumption 
for refining and steam raising amounts to 14% 
of the metal cast, as compared with 50% for 
refining onlv, in the smaller furnaces (Mining 
J. 1938, 20L 452). 

Under (b) the copper is refined electrolytically. 
This process depends for its operation upon the 
fact that if an electric current is caused to 
pass through a solution of copper sulphate, 
the copper in the solution is deposited at the 
cathode while acid is set free at the anode. 
If the anode is composed of metallic copper, 
i then the acid set free at its surface immediately 
dissolves an equivalent portion of copper which 
passes into solution and is, in turn, deposited 
at the cathode, and the process thus becomes 
continuous so long as the current passes and 
there is copper at the anode to be dissolved. 
Assuming that the copper sulphate solution is 
properly made up and maintained, and the 
voltage and current are suitably adjusted, 
then only copper will be deposited at the cathode, 
while the gold and silver and all the impurities 
contained in the copper anodes will either 
remain as insoluble slime collected at the 
bottom of the vessel in which the operation is 
conducted or will pass into the electrolyte. 
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Gold, silver, and lead pass entirely into the 
slime; other elements, such as iron, zinc, and 
nickel, pass wholly into the solution, and others 
are to be found partly in the slime and partly 
in the electrolyte. The cathode surface to 
start with is a very thin sheet of electro- 
deposited copper, and when sufficient copper has 
been deposited on its surface it is removed 
from the bath and is melted down in reverbera¬ 
tory or other furnaces. The copper to be 
refined is cast into anode plates about 36 in. 
square and 2 to 3 in. thick, and a number of 
these are hung in a lead-lined wooden tank 
and are suitably connected to the positive 
pole of the electric supply. Alternating with 
these anode plates are hung the cathode sheets 
connected with the negative pole. There are 
two methods of connecting up, viz. “ in series,” 
in which the anodes and cathodes are connected 
in pairs, and “ in parallel,” in which all the 
cathodes are connected with the positive polo 
of the circuit and all the anodes with the 
negative pole. The ])arallel system is now 
generally used. There has been a tendency 
towards more aedd electrolytes than formerly, 
180-220 g. of free sulphuric acid with 35-43 g. 
of copper per litre being (]uite common practice. 
The current density used varies from 1-45 to 
3 amp./dm.- The influences of temperature 
and composition of the electrolyte on the resist¬ 
ance ami on the anodic and cathodic polarisa¬ 
tion have been determined by E. W. Rouse 
and P. K. Aubcl (Trans. Electrochera. Soc. 
1927, 52 , 189). The results show that there is 
a decided drop in the cell voltage with rise in 
temperature and with increase in acidity. The 
addition of glue raises the cathodic polarisation, 
10 mg. per litre raising the total cell voltage by 
60%. The electrolyte is caused to (drculate 
and after it has been used for some time, a 
certain proportion must be removed regularly 
for purification. A quantity of anode copper 
remains undissolved, and when the tank is to be 
cleaned, this is taken out for remelting and 
casting into new anodes; the solution is run 
off and the slime is removed. This latter is 
washed and dried, any large particles of copper 
are removed by sieving, and the fine slime is 
then treated for the recovery of any gold and 
silver it may contain. 

Wet Methods.—With certain ores and 
residues and under certain conditions, wet 
methods of extracting copper may be more 
suitable than smelting methods, and extensive 
plant are in operation in which new methods 
or modifications of the old methods are used. 

The wet extraction of copper consists of leach¬ 
ing the ore with a suitable solvent either in the 
natural condition or after roasting and in a 
suitable state of sub-division, in heaps or in 
vats fitted with false bottoms and precipitating 
the copper from the solution by various methods. 
Wet processes are specially suitable for the 
treatment of low-grade oxidised ore and for 
oxidised tailings, but have also been successfully 
applied to the treatment of material containing 
the copper as sulphide. 

At Rio Tinto the massive cupriferous pyrites 
are treated as mined; large heaps of the mineral 
are allowed to oxidise slowly under the action of 


air and moisture and the copper sulphate thus 
formed is washed out and the copper precipi¬ 
tated on metallic iron. 

In some cases dilute sulphuric acid leaching 
with subsequent precipitation of the copper on 
iron or by electrolysis is followed but for this 
to bo successful the copper minerals must be 
readily soluble in the acid and the ganguo 
minerals must be insoluble. When carbonates 
of lime and magnesia are present sulphuric acid 
leaching cannot be used. When sulphuric 
acid leaching is used followed by electrolytic 
deposition of the copper the regeneration of 
the sulphuric acid yields a solvent suitable for 
further leaching operations. 

j Ililute solutions of ammonia associated with 
ammonium salts have been used as leaching 
liquors, as oxide of copper is soluble in such 
I solutions forming copper ammonium compounds, 
and solutions of cupric ammonium compounds 
! are capable of dissolving metallic copper, 
yielding cuprous ammonium compounds which 
are oxidised to cupric compounds by air or other 
oxidising agents. On distillation the copper 
ammonium solutions yield ammonia which can 
be used again and copper oxide which is 
reduced to metallic copper in reverberatory 
furnaces. 

The method has been used at the Bwana 
M*Kubwa mine in N. Khodcsia, where the 
crushed ore is heated to 350° in a gas-fired 
rotary tube furnace, the product being passed 
to a closed chamber where it meets a current of 
producer gas which reduces the copper com¬ 
pounds to cuprous oxide and metallic copper. 
The material thus prepared is leached with 
cupric ammonium carbonate solution. Copper 
and ammonia are recovered from the liquors by 
boiling. Melting down of the copper precipitate 
thus obtained yields a marketable product 
containing about 99-88% Cu. 

In the Neil process (Eng. and Min. J. 1908, 
85 , 656) solutions of sulphur dioxide have been 
used for the extraction of copper from oxidised 
or roasted sulphide ores. The ground material 
is treated in revolving barrels with water, and 
sulphur dioxide is passed through the mixture 
via one of the trunnions. The solution thus 
obtained is heated with steam, when about 65% 
of the copper in solution is precipitated as cupro- 
cupric sulphite and the remaining copper is 
precipitated on iron. 

The Longmaid and Henderson process has 
been largely used for the treatment of the 
residues from the pyrites burnt for the manu¬ 
facture of sulphuric acid. The residue consists 
of ferric oxide and is known as burnt pyrites or 
blue hilly^ and may contain up to 3% copper. 
The process consists in mixing this material 
with about 12% salt and re-calcining, during 
which process the copper is converted into 
soluble cupric chloride; this compound is 
obtained in solution by lixiviation with water 
and the copper is precipitated on iron. Any 
silver present in the pyrites is also obtained 
in the brine solution and may be recovered 
by the Claudet process. 

The original Hunt and Douglas process 
consisted in heating ores containing carbonates 
or oxides of copper and roasting ores containing 
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sulphide of copper, as for its success it was 
necessary for the metal to be present as cupric 
oxide. The ore was then treated with a solution 
of sodium or calcium chloride together with 
ferrous sulphate, which yielded ferrous chloride 
solution by means of which cupric oxide was 
converted into cupric and cuprous chlorides, 
both of which are soluble in strong solutions of 
chlorides; 

3Cu0+2FeCl2=2CuCI-|-CuCl2+Fe203 

The solution thus obtained was passed over 
metallic iron for the precipitation of the copper 
and regeneration of ferrous chloride. The 
difficulties met with in this process were 
connected with the tendency to the formation 
of basic copper salts, the difficulty of separating 
the solution from the residue and the impossi- 
bihtj’^ of recovering any silver present. 

An improved jwoc'css consists in dissolving the 
copper oxide by leaching with sulphuric acid, 
adding ferrous or calcium chloride to the 
solution to convert the copper sulphate into 
chloride, and then passing sulphur dioxide to 
precipitate the copper as cuprous chloride: 

CUCI2+CUSO4+SO2+2H2O 

=2CuC1+2H2S04 

The cuprous chloride is separated for further 
treatment, the sulphur dioxide in solution is 
eliminated by blowing in hot air, and the 
residual sulphuric acid is available for the 
treatment of further quantities of ore. 

The Canadian Hydromctallurgi('al Laboratory 
has applied the ferric chloride leaching process 
to high-grade iron-copper sulphide concentrates 
which have been reduced to mono-sulphides 
by heating in a neutral atmosphere to 600- 
700°. Precipitation of the copper from the 
leach liquors is effected by means of electrol^d-ic 
iron produced in a later stage of the process. 
The ferrous chloride solution thus obtained is 
purified by means of ferrous sulphide, then 
electrolysed for production of electrolytic iron 
and the ferric chloride re-formed is returned to 
the leaching tanks (Canada Dept. Mines, Ore 
Invest. 1927, 138). 

W. G. Murray (Chem. Eng. Min. Rev. 1929, 
22 , 52) has shown that ferrous sulphate solution 
in the presence of air dissolves copper fairly 
readily from malachite ores but has little action 
on chrysocoUa or cuprite. In the absence of 
air no copper is dissolved from malachite, 
showing that the solvent action is due to the 
oxidation of ferrous to ferric sulphate and 
subsequent hydrolysis of the latter. 

The factors which govern the removal of 
soluble copper in the leaching of copper ore 
have been reported upon by J. D. Sullivan and 
A. J. Sweet (U.S. Bur. Mines, Tech. Paper 453, 
1929), who recommend that leaching should 
be carried out at night, as the colder solutions 
then penetrate more rapidly into the particles of 
ore. Washing, on the other hand, should be 
carried out in the daytime, as the higher 
temperatures then ruling favour diffusion 
outwards of the copper salts. M. Guggenheim 
and J. D. SuUivan {ibid. Tech. Paper 472, 1930) 
show that alternate wetting and drying effect 
more rapid removal of the copper than does 


flood washing, as the intermediate drying 
periods tend to bring the copper salts to the 
surface of the particles very quickly, thus faeffita- 
ting subsequent removal by washing. 

PnorEiiTiES.—Copper is the only red metal, 
its properties are appreciably influenced by the 
presence of other elements in the metal, and the 
following types of copper are those chiefly used 
in the industries: 

High Cotiductivily {'' IIC) Copper .—This is 
copper of high purity usually containing 99-9% 
or more of co[)per. It is used for electrical 
purposes and where high thermal conductivity 
is specially important. 

Best Select (“ BS ”) Cojyjmr .—This is refined 
copper containing small quantities of various 
impurities usually sufficient to prevent it from 
quite conforming to the condiK^tivity standard 
for RG copper. It is suitable for a wide 
range of applications. 

Arsenical i^opper .—This is copper containing 
up to about 0-5% arsenic. Its conductivity is 
lower than that of HC copper. For certain 
reasons dealt with later, arsenical copper is 
widely used for engineering and general purj) 08 es. 

The above types of co])per u.sually contain a 
small quantity of oxygon and are then known 
as tough-pitcli HC, BS, or ansenical copper. 
For (XTtain ])iir})oscs, as for welding and pipe 
manufacture, (!opper free from oxygen is most 
suitable and there is a vailable “ deoxidised ” 
or “ oxygen-free ” copper of the various grades. 
In general, the mechanical proj^erties of the 
above types of copper are not greatly different 
(Copper Data, Copper Devel. Assoc. No. 12, 
1935). 

Copper poBsessofl the properties of malleability 
and ductility to a very high degree, so that it 
can be rolled into thin sheets and drawm into 
fine wire. As a result of cold wnrk the metal 
becomes harder and eventually brittle, but its 
malleability and ductility arc regained by an 
annealing o])eration, and after this it is im¬ 
material whether the metal be slowly cooled or 
quenched in water. For practical purposes a 
temperature of about 200° is considered the 
minimum for annealing pure commercial copper 
though the presence of small quantities of cer¬ 
tain elements, such as silver, nickel or arsenic, 
necessitates raising the temperature con¬ 
siderably. Annealing at 200° is very slow in its 
effects, and in practice it is more general to anneal 
for a short time at a temperature of 500-600°. 
Too prolonged a heating or the use of too high a 
temperature is to be avoided. For pure com¬ 
mercial copper the tensile strength varies 
between 10 and 11 tons per sq. in. as cast, 
between 20 and 26 tons after cold working, 
and between 14 and 15 tons on annealing after 
work. The elongation varies between 25 and 
30% on 2 in. in the cast state, between 5 
and 20% after cold working, and between 50 and 
60% on annealing. The Brinell hardness 
number likewise varies between 40 and 45 
in the cast state, between 80 and 100 after 
cold-working, and between 45 and 55 after 
annealing. Its sp.gr. after working and anneal¬ 
ing is 8’93, but that of commercial copper 
usually ranges from 8*2 to 8-8, the lower figures 
being due to porosity. Its m.p. is 1083°, and 
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when melted in the air it is rapidly oxidised 
with the formation of cuprous oxide which 
dissolves in the metal reducing its freezing- 
point to 1,065°, at which temperature the 
copper-cuprous oxide eutectic solidifies con¬ 
taining 3-5% cuprous oxide. The metal boils 
at 2,325°. Copper crystallises in the cubic 
system; well-formed octahedral crystals are 
found in nature and are sometimes formed 
during electrolysis. The electrical conductivity 
of copper is very high and is taken as a relative 
standard of 100; it compares very favourably 
with other metals in this respect, being second 
only to silver with a relative conductivity of 
106 and is followed in the scale by gold with a 
relative conductivity of 72. The electrical 
resistivity of copper is 1-7241 microhms per 
cm.^ at 20°. These resistance and conductivity 
values apply only to copper after it has been 
worked and annealed; bars as cast may have a 
conductivity of 95 and upwards, but complex 
castings may be as low as 80. The electrical 
resistance of copper, as of all metals, varies with 
the temperature and this variation is sufficient 
to cause the conductivity of HC copper to fall 
to about 75% of its value at 20°, when the tem¬ 
perature is raised to 100°. The conductivity of 
copper as of all pure metals is largely affected 
by the addition of other elements; phosphorus, 
silicon, iron, arsenic or beryllium when present 
in quantities loss than 1% reduce its conductivity 
from 100 to 30. The presence of small quantities 
of silver and cadmium has little effect and 
that of oxygon in the amounts present in 
commercial coppers is negligible. The thermal 
conductivity of copper is also high, this metal 
as 100 being only second to silver at 108, 
and is followed by gold at 76. The thermal 
conductivity of HC copper is 0-92 g. cals, per 
cm./cm./second/degree C. at 20°. The specific 
heat at normal temperatures is 0*092 cals, per 
g. per degree, but with increase of temperature it 
rises, the value at 200° being 0-098 cals. The 
coefficient of thermal expansion is 16-6x10“® 
per degree. Dry air has no action on copper 
at normal temperatures, but under ordinary 
atmospheric conditions the metal becomes 
slowly tarnished with an oxidised film which 
changes in time to a mixture containing sul¬ 
phate and carbonate (?;. Co-ordination com¬ 
pounds, this vol., p. 336). This mixed salt 
deposit is normally green and forms the well- 
known patina of copper, and it serves as a 
protection to the underlying copper. When 
heated in air u superficial film of oxide is formed 
which remains adherent and serves as a protec¬ 
tion against further attack up to a red heat, 
but at higher temperatures serious scaling 
results. Sulphur dioxide when dry either in 
the gaseous or liquid condition has no effect on 
copper. When the sulphur dioxide is in a moist, 
dilute state in contact with the metal it forms a 
protective covering of basic sulphate. Carbon 
dioxide has no action on copper in the dry state. 
In the presence of moisture the action is very 
slow and the resulting product, as in the case 
of atmospheric action, forms a protective skin. 
Copper is rapidly attacked by chlorine, and 
ammonia also readily attacks the metal. 
Ordinary water supplies have no action on copper. 


[ as an oxidised superficial tarnish soon develops 
I which acts as a protection to the underlying 
metal. Waters which are acid in reaction may 
prevent the formation of this protective film 
and slight dissolution of the copper may 
result. Nitric acid attacks copper violently, 
very dilute hydrochloric acid has little effect, 
but the concentrated and moderately dilute 
acid attack the metal, the action being more 
rapid if the acid bo hot. The presence of air 
is also an important factor in promoting the 
action. Cold sulphuric acid has little action on 
copper, but the hot concentrated acid rapidly 
attacks the metal. Acetic acid has little action 
on copper, especially in the absence of oxygen, 
and the metal is used largely for stills, 
rectifiers, piping, receivers etc., for this acid. 
Lactic, tannic, formic, and other organic acids 
have httlo or no action on the metal. Copper 
is resistant to dilute solutions of the alkaHs, 
soda, and potash, but not to the action of 
concentrated solutions. It is fairly resistant to 
the action of sea-water and of solutions of many 
salts, but should not be used in contact with 
inorganic salts which are oxidising agents, 
such as dicliromates, persulphates, perchlorates 
or ferric chloride. Hydrocarbons, such as 
petroleum, benzene, etc., have no action, neither 
have the alcohols, esters, and many other 
organic materials. 

The effects of various impurities on the 
properties of pure copper have been investigated 
for the British Non-Ferrous Metals Research 
Association at the National Physical Laboratory, 
and the following is a summary of the results : 

Oxygen has a relatively small effect on the 
properties of pure copper, and is neither 
seriously deleterious nor remarkably beneficial. 
The mechanical properties are not much afi'ected 
by small quantities and a metal containing 0-1% 
differs very slightly from pure copper. The 
electrical conductivity docs not fall rapidly with 
additions of oxygen, and values exceeding 
100% of the International Standard are 
obtained in annealed specimens containing less 
than 0-1 %. The relatively small effect of oxygen 
is due to the fact that the solubility of cui)rous 
oxide in copper is extremely low and may be 
considered as nil (Hanson, Marryat and Ford, 
J. Inst. Metals, 1923, 30, 197). 

Arsenic .—In the absence of other impurities, 
copper containing up to 1% arsenic is very 
difficult to cast and it is difficult to obtain 
sound castings. A slight amount of unsound¬ 
ness does not appear to have any harmful 
effect on the working properties of the metal, 
which is remarkably malleable and ductile, and 
can be worked hot or cold to almost any 
desired extent. It has been found possible by 
continuous cold-rolling to reduce cast ingots 
in. in diameter containing up to 1% arsenic 
to thin strip only 0-004 in. thick. Even when 
the arsenic is over 7% the ingots were capable 
of withstanding a considerable amount of cold 
hammering without developing cracks. Mechani¬ 
cal tests show that arsenic has but a slight 
hardening effect on copper; as the arsenic 
content is raised from 0 to 1*04% the tensile 
strength of the annealed material rises only 
slightly, from 14 to 15 tons per sq. in. The 
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Brinell hardness of annealed arsenical copper 
is pra(^lically iinalFected by the arsenic up to 
1 %, but the hardness of cold-worked material 
increases with the arsenic content. The effect 
of arsenic on the electrical condu(‘tivity of 
copper is very great, it is much greater than the 
effect of oxygen and very distinctly greater 
than that of iron. The effect is such that 
arsenic must be excluded as rigidly as possible 
from high-conductivity copper. Arsenic appears 
to reduce the crystal size in castings, but this 
effect is not appreciable in worked and annealed 
material. The solubility of arsenic in solid 
copper is about 7-25%; this solubility changes 
very little with temperature (Hanson and 
Marryat, J. Inst. Metals, 1927, 37, 121). 

Arsenic Oxygen .—A series of alloys con¬ 

taining up to 2% arsenic and 0-1% oxygen has 
been examined. The presence of a little oxygtm 
greatly improves the casting properties of 
arsenical copper and no difficulty is experienced 
in obtaining sound castings with a relatively 
high density. Oxygen has a harmful effect on 
the cold-working properties of copper which is 
reduced by the presence of arsenic. Arsenical 
copper is not suitable for severe <rold-working 
unless the arsenic concentration is at least 10 
times that of the oxygen. Copper containing 
arsenic and oxygen can be rolled hot without 
difficulty. The mechanical tests of rolled and 
annealed bars of good quality differ little from 
those of copper containing the same amount of 
arsenic without oxygen, provided that the 
material has not been damaged by over-rolling; 
the tensile strength rises slightly and the elonga¬ 
tion falls slightly with increase of arsenic 
content. The electrical conductivity is prac¬ 
tically identical with that of copper containing 
the same amount of arsenic without oxygen 
(Hanson and Marryat, ibid. 1927, 37, 144). 

Iron .—Solid copper will dissolve about 4% 
iron at 1,080°, but the solubility decreases 
as the temperature falls. Within the limits of 
solubility, the effect of iron is con.siderable, 
especially on the electrical resistance, which 
increases rapidly as the iron content is raised. 
When the iron content exceeds about 0*2% 
the effect on the resistivity depends largely on 
the heat-treatment of the metal. The tensile 
strength is raised by 2% iron from 14-5 to 20 tons 
per sq. in. Iron has no great embrittling effect 
and copper containing iron can be rolled with 
ease. Iron is a deoxidiser for copper, but it 
creates difficulties during casting owing to the 
formation of films which destroy the con¬ 
tinuity of the metal (Hanson and Ford, J. Inst. 
Metals, 1924, 82, 335). 

Bismuth .—The solid solubility of bismuth in 
copper is less than 0-002%. Small quantities of 
bismuth adversely affect the rolling properties 
of copper, particularly during hot-rolling. The 
limiting amount for hot-rolling of bar appears 
to be less than 0-01% and in all cold-rolling 
experiments the material fractured when more 
than about 0*05% was present. For severe 
cold-work bismuth should be excluded from 
copper; for most other purposes 0*005% may 
be regarded as the maximum (Hanson and Ford, 
J. Inst. Metals, 1927, 87, 169). 

Antimony .—Annealed copper will hold as 


much as 10% antimony in solid solution. 
Samples containing up to 0*47% can be hot- 
rolled satisfactorily, but those containing 
0*85% are hot-short and samples up to this 
figure can be cold-rolled. The presence of quite 
small amounts of antimony, e.g. up to 0-22%, 
has a remarkable effect on the tensile pro¬ 
perties, an annealed rod containing this amount 
giving 14*9 tons per sq. in. with 67% extension, 
while a hot/cold-rolled specimen will give 
24 tons per sq. in. with 19% extension. Anti¬ 
mony has no proiioun(*ed effect on the tough¬ 
ness of copper and the fatigue properties are 
improved by the addition of antimony up to 
0-47% hot-rolled. With this compo.sition a 
safe range of stress of i 7-8 tons/in.^ was 
obtained as compared with -± 5 to 6 tons/in.* 
typical of high- quality (topper. Antimony lowers 
the electrical conductivity of copper very 
considerably but is approximately only half as 
deleterious in this respect as arsenic (Archbuit 
and Prytherch, J. Inst. Metals, 1931, 45, 
265). 

Antimony plus Arsenic .—Within the limits 
vstudied 0*05-0-5% each of antimony and arsenic, 
and under 0*02% oxygen, copper can be hot- 
rolled without difficulty, so that arsenic assists 
the hot-rolling of copper containing antimony. 
The addition of antimony to arsenical copper 
improves its tensile strength both at ordinary 
temperatures and at 250°. In annealed rod 
containing 0-49% antimony and 0*059% arsenic, 
15*6 tons per 8(j. in. w'as obtained at room 
temperature and 13 tons at 250°. With cold- 
rolled strip containing 0* antimony and 
0*53% arsenic a tensile strength of 37*2 tons/in.^ 
with 2*3% extension was obtained. The fatigue 
properties of co])per containing 0*5% antimony 
and 0*5% arsenic are similar to those given 
above for antimonial copper {idem., ibid. 282). 

Phosphorus .—In small quantities phosphorus 
produces soundness in, and removes oxides from 
copper. With 0 04% and more of phosphorus, 
the densities of cast copper ajjproach those of 
rolled bars. The hardness of cast ingots 
increases with increasing phosphorus content. 
The limiting phosphorus content for hot 
working lies betw^een 0*95 and 1*2%, whilst 
the limiting content for cold-rolling is 0*79- 
0*95%. Phosphorus raises the tenacity of 
rolled copper both at ordinary temperature and 
at 250° without marked decrease in ductility. 
Small amounts of phosphorus have a pro¬ 
nounced effect in raising the fatigue range of 
copper, and its toughness remains unimpaired. 
The softening temperature of cold-rolled copper 
is raised by phosphorus which has a seriously 
detrimental effect on electrical conductivity. 
The solubility of phosphorus in solid cop]:)er 
increases with rise of temperature from 0*5% 
at 282° to 1*0% at 682°. A slight age-hardening 
effect occurs in copper containing phosphorus 
when quenched from 690° and tempered at 
400-460°, the maximum effect occurring with 
0*96% phosphorus; the Brinell hardness 
of a quenched rolled strip of this metal 
increases from 43 to 62, but no corresponding 
effect on tensile strength is obtained (Hanson, 
Archbutt, and Ford, J. Inst. Metals, 1930, 
48 , 41). 
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Detection and Estimation of copper, see, 
Chemical Analysis, VoI. 11, 5666, 580c, 586a, 
656c, 6716. 

Uses of Copper and its Alloys, —Copper 
and its alloys have very wide aj)plication 8 in 
engineering and industries generally, these 
applications being advantageous owing to the 
various special properties of the metal. In the 
tirst place they are possible owing to the ease of 
working of the metal ; it can be fabricated by 
cold-working, such as rolling, drawing, pressing, 
etc., by hot-working, such as pressing, extrusion, 
forging and stamping, and by machining; it 
can be joined by welding, brazing, or soldering. 

Its high electrical conductivity renders it 
suitable for cables lor transmitting electricity, 
for windings of electrical machines and appara¬ 
tus, for electrodes and connections for welding 
machines and furnaces and for lightning conduc¬ 
tors and earthing systems. Its high thermal 
conductivity makes it suitable for radiator.s for 
cooling various li(|uids, for refrigerator tubes, i 
coils and vessels, for radiators for heating 
purposes, etc., for locomotive lire boxes, 
chemical plant, stills, evaporators, etc. Its 
resistance to rusting and (corrosion makes it 
suitable for various types of chemi(*al plant, 
brewing j)lant, roofing, and tubing for water 
distribution, and some of its alloys for parts of 
marine machinery, propellers, pumps, etc. 

Various alloys in wiiich copper is the chief 
constituent are largely employed for applica¬ 
tions requiring increased strength and other 
special properties. The most important of th(\se 
alloys are the brasses or alloys of copper and 
zinc; other important groups arc the bronzes, 
or alloys of copper and tin, the aluminium 
bronzes or alloys of copper and aluminium (.s’ec 
Aluminium), and the c()i)per-nickel alloys. 

Copper is also alloyed with certain metals to 
act as a hardener as in the case of standard 
silver and standard gold. 

Certain elements are added to metallic copper 
in order to improve its pro})erties, and of these 
an important class is known as deoxidisers. 
Tough pitch copper generally contains from 
0-025 to 0-08% oxygen, and for making intricate 
castings, for welding, and for certain other 
purposes copper as low as possible in oxygen is 
desirable. The deoxidisers commonly used 
are phosphorus, silicon, lithium, magnesium, 
beryllium and calcium; these are added to the 
molten metal, when they combine with the 
oxygon and eliminate it, usually by slagging 
off. To remove all the oxygen it is generally 
necessary to add a small excess of reagent 
which remains in the copper and may have an 
adverse effect on the electrical and thermal 
conductivity. 

Beryllium is not only used as a deoxidiser, 
but also as a definite alloying element, forming 
heat-treatable alloys of engineering importance. 
Copper containing 2-25% Be is known as 
beryllium bronze ; for its heat treatment it is 
first annealed by soaking at 800°, followed by 
quenching in water; it is then hardened by a 
subsequent precipitation treatment by heating 
for a controlled period at 250-300°. When 
heat-treated after cold working, tensile strengths 
of over 80 tons per sq. in. have been reported. A 
VoL. III.—23 
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considerable merit of this material is its liigh 
fatigue limit under corrosive conditions. 

Copper containing cadmium (approximately 
1 %) is of importance on account of its combining 
high strength with conductivity. 

Arsenical copper containing 0-3 to 0-5% 
arsenic is of great irnportaiico and most copper 
products made in Groat Britain other than 
electrical equipment are made from this 
material. Additions of up to 0-5% arsenic 
improve the tensile strength of annealed 
copper by somc^what less than 1 ton per sq. in., 
and only slightly increase its hardness value. 
In the cold-worked condition, however, the 
tensile strength is increased by 2 tons per sq. in. 
and the Hrinell number is 15 higher. The 
chief effect of this addition of arsenic is to raise 
by 100 ° the temperature at which softening upon 
annealing first occurs and to slightly increase 
the strength at elevated temperatures; these 
two features have been responsible for the 
adoption of arsenical copper for a large number of 
ajjplications such as locomotive fire-boxes, etc. 

CoMi’()UNi)s OF Coffer. 

Oxides.—Six oxides of copper have been 
reported of which only tw'o are of importance, 
namely cuprous oxide, CU. 2 O, and cupric oxide, 
CuO. Cuprous quadrantoxide, CU 4 O, has l)een 
considered as being formed by the addition of a 
solution of copper sulphate to a cooled dilute 
solution of stannous chloride in caustic potash. 
It is an olive-green pow’chT which rapidly 
absorbs oxygen from the air. According to 
Moser, however, tliis product is really a mixture 
of cuprous oxide and metallic copper (Z. anorg. 
Chem. 1909, 64, 200). Copper trientoxide, 
CU 3 O, is stated to have been obtained as a hard, 
yellowish mass by heating cupric oxide to over 
*1,500° (Bailey and Hopkins, J.C.S. 1890, 57, 
269). It is probably a solid solution of copper 
in cuproiLS oxide. Copper sesquioxide, CugOj, 
has been reported to have been formed by pass- 
[ irig chlorine into a strong solution of sodium 
hydroxide saturated with coj)per hydroxide 
(E. Muller, Z. anorg. Chem. 1907, 54, 417). 
This oxide is not known in the free state. 
Copper peroxide or dioxide, CuOg, is not 
known in the anhydrous form, but in the 
hydrated form, CuOj.HgO, is obtained by 
allowing finely-divided cupric hydroxide to 
stand in concentrated hydrogen peroxide at 6 ° 
for several days, the mixture being frequently 
shaken. A yellowish-brown precipitate is 
formed which, after washing with water, alcohol, 
and ether, is dried in vacuo (G. Kriiss, Bcr. 
1884,17, 2593). 

Cuprous oxide, copper suhoxidc or hemioxide, 
red oxide of copper, CU 2 O, occurs native as 
cuprite or red copper ore. 

It may be prepared (1) by heating finely 
divided copper in air below a rod heat; ( 2 ) by 
gently heating a mixture of 5 parts cuprous 
chloride and 3 parts sodium carbonate in a 
covered crucible and separating the oxide by 
lixiviation; (3) by reduction of an alkaline 

solution of a copper salt by sugar or certain 
other organic bodies, as in Barreswil’s (Fehling’s) 
solution, (4) by heating in a covered crucible a 
mixture of 5 parts cupric oxide and 4 parts 
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copper filings; ( 6 ) by the electrolysis of copper 
sulphate solutions under certain conditions; 
( 6 ) by heating cupric oxide in sulphur dioxide 
and treating the product with w'ater for removal 
of sulphate: SCuO-fSOg-CU 2 O+CUSO 4 
(Hammick, J.C.S. 1917, 111, 384); (7) free 

from copper and cupric oxide by the electrolysis 
of a slightly alkaline solution of sodium chloride 
with copper electrodes (E. Abel and O. Kedlich, 
Z. Elektrochem. 1928, 34, 323). 

Cuprous oxide is decomposed by niost acids 
into a cupric salt and metallic copper ; hydro¬ 
chloric acid, however, converts it into cuprous 
chloride. It fuses at 1,235° and dissolves in 
molten copper rendering it brittle or “ dry ” 
when x)re 8 ent above a certain amount, but is a 
most imj)ortant constituent in many brands of 
copper. It is used in the manufacture of ruby 
glass and for the production of a red glaze on 
jjottery, and, together with the black oxide, 
forms one of the copjjer paiw /5 used for painting 
ships’ bottoms. 

Cuprous oxide has been found to adsorb about 
30% by weight of NO 2 , w^hich may be removed 
at 65-70° by an inert solvent, such as CCI4 
(Partington, J.C.fc). 1924, 125, 72, 663). The 
oxide has remarkable rectifying and photo¬ 
electric properties which are extensively apjdied 
in now types of photoelectric ceils (r/. Duhme 
and Scholtky, Naturwiss. 1930, 18, 735). 

Cuprous hydroxide^ hydrated cuprous oxidCy 
CugOjJ^HgO.—A yellow^ form of cuprous oxide 
is obtained by the action of alkali on cuprous 
chloride or by the reduction of a cupric salt by 
means of hydroxylamine in presence of alkali. 
It can also be prepared electrolytically, using an 
alkali sulphate as the electrolyte and an anode 
of pure copper. It may also be formed by the 
reduction of Barreswil’s (Eehling’s) solution in 
the presence of a deficit of tartrate. The yellow 
precipitate thus formed is not a definite hydrate 
but is a colloidal form of the oxide with an 
indefinite amount of water (Groger, Z. anorg. 
Chem. 1901, 28, 154 ; 1902, 31, 326). It 

quickly changes to an orange or brick-red colour 
and can then be dried unchanged. At 300° 
it retains only 3%, and at a red heat it loses 
this water and changes into the red crystalline 
oxide. The yellow oxide is a powerful reducing 
agent, especially in ammoniacal solution. This 
solution, which is colourless, immediately 
becomes blue on exposure to the atmosphere and 
thus forms a delicate test for oxygon. 

Cupric oxidCf copper monoxidcy black oxide of 
copper, CuO, occurs as tenorite or mclaconite, 
especially at Lake Superior, 

Cupric oxide may be prepared by heating 
the nitrate or carbonate to dull redness or the 
sulphate to a high temperature. It may also be 
obtained by heating finely divided copper or 
cuprous oxide in air or oxygen, pure oxygen 
acts more slowly than air owing to the pro¬ 
tective nature of the film of oxide first formed. 
The oxide used for organic analyses, (but not 
for N estimation) may be prepared by moistening 
copper scale, the mixture of cuprous and 
cupric oxides, with nitric acid and igniting, A 
mixture of copper filings with twice its weight 
of nitric acid may be exposed to the atmo¬ 
sphere until all the copper is converted into 


basic nitrate and this ignited, E. Miiller 
prepared cupric oxide by the electrolysis of 
sodium hydroxide for a long time with a copper 
cathode either at 12 ° with stirring or at 60° 
w'ithout stirring (Z. Elektrochem. 1903, 9, 313). 

Cupric oxide is a black powder which agglo¬ 
merates wLen heated and fuses at 1,064° forming 
cuprous oxide. It is slightly hygroscopic, 
especially wLen in powder form. When heated 
with organic substances or certain gases it is 
reduced to metal. The metal produced by 
reduction in hydrogen always contains that gas, 
but if the oxide be reduced in formic acid vayjour, 
the metal is free from hydrogen and is suitable 
for organic analysis (Weyl, Ber. 1882, 15, 1138). 
It dissolves in acids with the formation of cupric 
salts. It is soluble to some extent in oils, etc., 
and it is for this reason that copper cooking 
vessels require constant cleaning. 

Cupric oxide is used in ultimate organic 
analysis, to make green and blue glass and 
glazes and to some extent as a pigment. It 
has also been used as one electrode of a galvanic 
cell (l..alande and Chaperon, Compt. rend. 
1883, 97, 164). 

A colloidal form of the oxide has been 
obtained by Paal and Leuze (Ber. 1906, 39, 
1545), which gives blue-violet solutions, and 
when dry retains its solubility indefinitely. 
Cupric hydroxide, CuOjHjO, may be pre¬ 
pared by precipitating a solution of a cupric 
salt by the addition of alkali and washing 
rapidly. The hydroxide, which is blue, is liable 
to turn black during washing owing to the 
formation of cupric oxide, and when heated 
with water always turns black. It may be 
obtained by passing an electric current through a 
well-stirred solution of potassium nitrate, using 
a copper plate as anode and one of platinum as 
cathode (Lorenz, Z. anorg. Chem. 1896, 12, 436). 

The hydroxide has been used as a blue pigment 
by paper stainors but becomes green on exposure 
to the atmosphere. It corresponds closely with 
certain highly basic carbonates sold as verditers. 

An aqueous solution of sodium hydroxide of 
sp.gr. 1-345-1 *370 or of potassium hydroxide 
of sp.gr. 1-453-1-498, will dissolve 0-78 g. of 
cupric hydroxide in 100 c.c., giving a bright 
blue solution which yields no precipitate when 
boiled. If a more dilute alkali solution be used 
the product is not stable when further diluted 
and subsecpiently boiled (E. Justin-Mueller, 
Compt. rend. 1918, 167, 779). 

Cuprammonium solutions are obtained by 
digesting freshly precipitated cupric hydroxide 
in ammonia solution, and H. M. Dawson and 
J. McCrae (J.C. 8 . 1900, 77, 1257) believe that a 
compound CuO,2NHg or Cu(OH) 2 , 2 NH 3 is 
formed which ionises forming CU 2 NH 3 
and OH' ions, thus : 

Cu(OH)2+2NH3 ^ Cu2NH8+20H' 

W. Bonsdorff has also examined the electrical 
conductivity of solutions of cupric hydroxide in 
ammonia solution and has confirmed the 
formation of Cu(OH) 2 , 2 NH 3 when only a 
small excess of ammonia is present, but of 
Cu(OH) 2,4NH8 with a large excess of ammonia 
(Z. anorg. Chem. 1904, 41, 184). A blue 
solution is obtained by exposing the colourless 
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solution of cuprous hydroxide in ammonia to 
the atmosphere, and cuprammonium solutions 
are prepared on a largo scale by the joint action 
of oxygon and ammonia on copper filings at a 
temperature near 0°. 

A saturated solution of freshly precipitated 
and washed cupric hydroxide in concentrated 
ammonia is known as “ Schwoizer’s reagent or 
cuprammonium, it has the property of dissolving 
cellulose (cotton wool, linen, filter paper, etc.), 
with the formation of a viscid liquid which has 
been used for the preparation of “ Willesden 
papers ” and for the production of “ artificial 
silk ” on a large scale. A. Froment patented 
the use of strong ammonia saturated with 
nitrogen which is claimed to dissolve cupric 
oxide more readily than when free nitrogen is 
absent (G.P. 139714, 1900), and A. Lecoeur 
recommends the removal of the nitrites and other 
crystallisable compounds from the solution 
by dialysis (F.P. 362986, 1906). The addition 
of 1-2% of polyhydric alcohols, carbohydrates, 
gum, etc., to cuprammonium solutions increases 
their stability and prevents the deposition of 
cupric hydroxide (Friedrich, B.P. 4104, 1009), 
and the presence of such substances facilitates 
the manufacture of the solution. Chattaway 
has shown (Proc. Roy. Soc. 1908, 80A, 88) 
that by the reduction of a cuprammonium 
solution with phenyl hydrazine, copper mirrors 
can be deposited on glass. 

Sulphides. —Cuprous sulphide, CujS, occurs 
as chalcocite or copper glance. It may be 
prepared by heating copper to redness in 
sulphur vapour or by heating a mixture of copt)er 
and sulphur. It is also formed as a result of the 
reaction between metallic copper and certain 
sulphides, e.g. aluminium, magnesium, cadmium, 
etc., and E. Schiitz has found that copper forms 
sulphide with 85% of the sulphur in ferrous 
sulphide w'hon the two are heated together to 
1,195® (Metallurgio, 1907, 4, 663). It melts at 
1,130° and the sp.gr. of the artificial product is 
6-80. It is dimorphous and has a transition 
temperature at 91°. 

Cupric Sulphide, CuS, occurs as covellite or 
indigo-copper, sp.gr. 4-60. It may be prepared 
by heating cuprous sulphide with sulphur at a 
temperature below' the boiling-point of sulphur; 
by digesting cuprous sulphide with cold strong 
nitric acid or by precipitating a copper solution 
with hydrogen sulphide. On the large scale it is 
obtained as a paste by precipitating a solution of 
the sulphate with sodium sulphide, and this 
paste has been used in calico printing for the 
development of aniline black. 

Several poly sulphides of copper have been 
reported. 

Cuprous Phosphide, CUgP, is formed by 
the interaction of copper and phosphorus, and is 
present in the alloy known as phosphor-copper, 
which contains from 9-15% phosphorus. ./Uloys 
containing more than this amount of phosphorus 
have to be prepared in closed vessels owing to 
the volatility of the phosphorus. They are 
largely used for the deoxidation of metallic 
copper and in the manufacture of phosphor- 
bronze. The compound CUgP melts at 1,022®, 
and forms a eutectic with metallic copper which 
contains 8-2% phosphorus and melts at 707°. 


Cupric Phosphide, CUgPg, is formed when 
phosphine is passed over cupric chloride or 
when phosphorus is boiled with a cupric salt. 
When heated in hydrogen it forms cuprous 
phosphide. 

Copper Arsenides.—Copper and arsenic 
combine together to form several arsenides, some 
of which are found to occur as minerals. When 
copper and arsenic are heated together cupric 
arsenide, CUgAs, is formed whicli freezes at 
830°. At 710° there is evidence of the formation 
of an unstable compound, CUgASg, with 
32*1% arsenic (K. Friedrich, Metallurgie, 1908, 
5, 529). 

Copper Silicide, knowm as cuprosilicon, 
Cu^Si, is obtained when copper and silicon are 
heated together in an electric furnace (Vigouroux 
Compt. rend. 1896, 122, 318; Lebeau, ibid. 
1906, 142, 154). It can be prepared pure by 
heating together 17 parts silicon and 9 parts 
copper in hydrogen and removing the excess 
silicon by means of sodium carbonate solution. 
It is silver white wdth a metallic lustre and 
is hard and brittle. Its sp.gr. is 7-58 and it is 
attacked by chlorine and aqua regia. It is 
used for deoxidising and hardening coj)per and 
certain of its alloys (v. Philips, Metallurgic, 1907, 
4, 587). 

Copper Silicates are formed when oxides of 
copper and silica are fused together. Silicates 
are found in the various slags obtained during 
the smelting of copper on‘s, and especially in 
those produced in the converters and during the 
fire-refining of copper. The copper in these 
slags is readily rod need to mcf.al by carbon in 
the presence of iron oxide wdth the formation of 
the corresponding iron silicate, it is also reduced 
by heating with metallic iron and is converted 
into cuprous sulphide when heatcid wdth iron 
sulphide. As hydrated silicates copper occurs 
in two minerals, viz, dioptnse, or emerald 
copper, CuSiOg, HgO, and chrysocolla, 
CuSi 03 . 2 H 20 . 

Copper Carbonates.—The normal carbonate 
has not been prepared, but double salts of the 
normal cuprous and cupric carbonates with 
ammonium and other carbonates have been 
denoribed. 

Some twelve basic carbonates, varying in the 
ratios of CuO : COg : HgO have been reported, 
several of which occur as minerals, the best 
known of which avemaluchite, CuC03,Cu (OH)*, 
and azurite, 2CuC03,Cu(OHlg; when ground, 
these minerals form valuable green and blue pig¬ 
ments. The products obtained by the addition 
of sodium carbonate or other soluble carbonates 
to solutions of copper sulphate or nitrate are 
invariably basic, the degree of basicity depending 
on the conditions of precipitation. These basic 
carbonates are known as Soda Bordeaux and 
are largely used as a fungicide. S. U. Pickering 
(J.C.S. 1909, 95, 1410) states that the ordinary 
carbonate of commerce approximates to 
2Cu0,C02yH20, the formula for malachite, 
which contains 71-94% CuO, but H. B. Dunni- 
cliff and S. Lai (J.C.S. 1918, 113, 718) found 
on examination of thirteen samples of com¬ 
mercial carbonate that the amount of CuO 
varied from 66-16 to 78-60%, and considered 
that the product generally approximated 
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to tho formula of a7.urite ; and by treatment 
of a solution of copper sulphate with a mixture 
of sodium carbonate and sodium bicarbonate 
they obtained a product of fairly constant com¬ 
position corresponding to 

2CuC03,5Cu(0H)2. 

Many methods have been used for tho pre¬ 
paration of tho basic carbonates of commerce, 
such as the conversion of scrap copper 
into basic chloride by tho action of sodium 
chloride and sulphuric, acid, and treatment of a 
mixture of this basic chloride and copper sulphate 
with soda solution, or by agitation of a solution 
of copper nitrate with c^halk, the pasty pre¬ 
cipitate obtained is washed and mixed with 
8-10% of freshly burnt lime with the production 
of a fine blue pigment (verditer ); the precipitate 
without the addition of lime is green. 

Saits.—Two series of copper salts are known, 
cuprous and cupric. The former are mostly 
insoluble in water and are of little commercial 
importance. They act as powerful reducing 
agents and readily pass into the cupric (u)n- 
dition. Cupric salts are mostly soluble and are of 
wide application. 

Cuprous Salts. —Cuprous chloride^ CuCi> 
may bo prepared by boiling cupric chloride with 
hydrochloric acid and copper turnings. On the 
addition of water it is precipitated as white 
crystals. Cuprous chloride melts at about 420° 
into a yellow transparent mass. The dry 
crystals become yellowish on exposure to light; 
if moist they acquire a dirty violet tinge. 

Cuprous chloride combines with ammonia to 
form three compounds, 2CuCI,NHg, 
2 CuCI, 3NH3, CuCfSNHg. Cuprous bromide 
and iodide form compounds analogous to the 
last two (Lloyd, J. Phys. Chem. 1908, 12, 398; 
f/. W. Biltz and W. 8tollenwerk, Z. anorg. 
Chem. 1921, 119, 97). 

The hydrochloric acid solution of cuprous 
chloride, when exposed to air, absorbs oxygen 
and acquires a brown colour, subsequently 
depositing a pale bluish-green insoluble copper 
oxychloride, CuCl2,3Cu(OH)2« similar to the 
mineral atacamite. An identical substance, 
known as Brunswick green^ is prepared by boiling 
a solution of copper sulphate with a small 
quantity of bleaching powder solution, or by 
exposing freely to air copper turnings moistened 
with hydrochloric acid. 

The use of the oxychloride in preference to 
the sulphate for destroying mould on vines, 
etc., is recommended by Deletrez (J.S.C.I. 
1909, 28, 438), 200-250 g. per 100 litres of water 
are employed. 

When a hydrochloric acid solution of cuprous 
chloride and potassium chloride, is treated 
with acetylene, a yellowish precipitate, 
C,H2[(CU2CI2)2,KCI]2, is formed. Other com¬ 
pounds containing cuprous oxide or potassium 
chloride can bo obtained by varying the con¬ 
ditions (Chavastelon, Compt. rend. 1901, 182, 
1489). Acetylene reacts with solutions of 
cuprous chloride in ammonia to form a blood-red 
precipitate of cuprous acetylide which on 
dehydration has the formula CU2C2 and is 
highly explosive (Scheiber, Ber. 1908, 41, 3816). 


Its decomposition by means of acids has been 
used as a method of preparing pure acetylene. 

Cuprous chloride in a hydrochloric acid or 
ammoniacal solution absorbs carbon monoxide 
forming an unstable compound (Jones, Amer. 
Chem. J. 1899, 22, 287) which under certain 
conditions corresponds to CuCI,C0,2H20 
(Berthelot, Ann. Chim. Phys. 1901, [ viil, 23,32). 

Cuprous Bromide, CuBr, is obtained by the 
union of its elements or by boiling a solution of 
cu]iric bromiflo with copper, and forms a 
colourless crystalline mass. 

Cuprous Iodide^ Cu I, is the only known iodide 
of copper, and is found in the mineral marshite. 
(Broken Hill, Australia). It is obtained as a 
white precipitate by adding j)otassium iodide 
to a .solutionof copper sulphate; in this way half 
the iodine is combined in the precipitate 
and half is liberated as free iodine; in the 
presemje of ferrous sulphate or sulphurous acid, 
the whole of the iodine is precij[)itated as 
cuprous iodide. The fused salt has a sp.gr. of 
5*653 at 15° (Spring, Roc. trav. chim. 1901, 20, 
79); it melts without decomposition at 628° 
and is pratdically insoluble in water. 

Cuprous Fluoride, CuF, is prepared by tho 
action of hydrogen fluoride on luxated cuprous 
chloride; the action is complete only when the 
temperature is between 1,100° and 1,200°. 
It is also formed by the action of hydrogen 
fluoride on cupric fluoride, first heated to 600°, 
and finally raised to 1,100 1,200°. Cuprous 
fluoride forms a red crystalline mass w’hich 
melts at 908°. It is stable in dry air, but is 
converted into cupric fluoride in moist air, at 
the same time acquiring a blue colour. 

Cuprous Sulphite, Cu2S03,H20, is obtained 
by passing sulphur dioxide into a hot solution of 
cuprous acetate in acetic acid. It forms double 
salts wdth the alkali sulphites. Cu])ro-cupric 
sulphite, Cu 2S08 ,CuS 03,2H20, is a red 
microcrystalline powder. 

Cuprous Sulphate, CU2SO4, is obtained by the 
action of dry dimethyl sulphate on dry, powdered 
cuprous oxide (Reooura, Compt. rend. 1909, 
148, 1105). A compound of cuprous sulphate 
and carbon monoxide, Cu 3804,200,HgO, has 
been obtained by Joannis {ibid. 1897, 126, 
948). Richard, by adding hydroxylamine 
sulphate to ammoniacal cupric carbonate, has 
made ammonio-cuproussulphate Cu2804,4N Hg 
{ibid. 1903, 136, 504). 

Cuprous Cyanide, CuCN, is obtained by 
adding potassium cyanide to a solution of copper 
sulphate, a red precipitate of cupric cyanide is 
first formed and on boiling cyanogen gas is given 
off and the white cuprous cyanide is precipitated. 
Cuprous cyanide forms a number of double 
cyanides (Grossmann and von der Forst, Z. 
anorg. Chem. 1903, 48, 94). 

Cuprous Thiocyanate, CuCN8, is obtained as 
a white precipitate when potassium thiocyanate 
is added to copper sulphate solution in the 
presence of a reducing agent such as sulphur 
dioxide, ferrous sulphate, etc. This reaction is 
used in quantitative analysis. 

Cuprous Nitrate v. Cupric nitrate. 

Cupric Saits. —Cupric chloride, CuCIgfinay 
be obtained as a fused liver-coloured, anhydrous 
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mass by boating copper in excess of chlorine. 
In solution it may be prepared by dissolving the 
oxide in hydrochloric acid. It (rrystallises in 
grass-green prisms or needles containing 2 mols. 
of water which become pale-bliie when dried in 
vacuo. The anhydrous salt is obtained on the 
gradual addition of concentrated sulphuric acid 
to a solution of the (chloride (Viard, Cornpt. rend. 
1902, 135, 168). This anhydrous salt is very 
deliquescent and forms the salt containing 2 
mols. of water mentioned above. It is soluble 
in alcohol. When cupric chloride is exposed to 
the air an oxychloride is formed, and when a 
small quantity of potash is added to an aqueous 
solution the oxychloride, 2Cu0,CuCl2,4H20,i8 
formed ns a pale blue precipitate, this turns to a 
black anhydrous powder when heated, but again 
becomes green with absorption of 3 mols. of 
water when moistened. It is an intermediate 
product in the manufacture of verditer (?;. 
Copper Carbonates). 8omo eighteen basic 
cupric chlorides have been reported. 

Cupric Bromide^ CuBr2, is obtained by 
dissolving cupric oxide in hydrobromic acid 
and evaporating in vacuo over sulphuric acid. 
It is dark-coloured, very deliquescent, and when 
heated decomposes into cuprous bromide and 
bromine. Jt has been used as an inteiisiher 
in photogra])hy, for which purpose it is made by 
mixing eipial volumes of Cu804,6HgO (230g.) 
and KBr (230 g.) each in 1,000 c.c. HgO. 

Cujiric Fluoride^ CuFg, has b(;en prepared by 
the action of fluorine on copper powder, and 
also by the action of hydrogen fluoride on 
cupric oxide at 400^^. It forms small white 
crystals which on exposure to moist air take up 
w^ater, beciome blue, and have the composition 
CuF2,2H20. 

Cupric Sulphate, CUSO4, is known in the 
anhydrous form, and also hydrated as 

CuS 04,H20 , CuS 04,3H20, and 

CuS04,6H20, 

the last being known as blue vitriol, which is 
found in nature as the mineral chalcanthite, 
the most important deposits occurring at 
Copa(piiro, (3iile, where the rock has been 
found to contain over 12% of the hydrated 
salt (E. Walker, Eng. and Min. J. 1903, 75, 710). 
The mineral booihite, found in California, is 
reported to be Cu804,7HgO (Schaller, Amer. 
J. 8ci. 1904, [iv], 17, 191). 

Cupric sulphate may be prepared by dissolving 
metallic copper or preferably the oxide in 
sulphuric acid. The solution of copper in 
sulphuric acid is assisted by the presence of 
nitric acid or sodium nitrate. On a largo scale 
it is made from metallic copper scrap, etc., by 
heating this material in a reverberatory furnace, 
throwing in an excess of sulphur, and closing the 
doors. When combination is complete the doors 
are opened to admit air and the temperature kept 
at dull redness to allow the oxidation of the 
sulphide to sulphate to take place. The mass, 
while still hot, is discharged into dilute sulphuric 
acid, allowed to settle, the solution decanted, 
concentrated and crystallised. The sulphate 
so produced is of considerable purity. Copper 
matte, copper glance, and other sulphide ores are 
similarly treated. 


When much iron is present as in most copper 
ores, and especially in copper pyrites, it is 
impossible to separate the copper and iron 
sulphates by crystallisation, because, although 
copper sulphate crystallises normally with 
5 mols of water, it forms, in presence of ferrous 
sulphate, crystals isomorphous with that salt 
and containing 7 mols. of water. By carefully 
adjusting tlie temperature at wBich the sulphide 
is roasted, the iron sulphate may be converted 
into oxide, while the copper sulphate remains 
almost unaffected. The iron may he removed 
by heating the solution of the sulphates to 180° 
under pressure, w hen ferrous sulphate crystallises 
out and may be filtered ofi‘. Alternatively, 
the iron may be .separated from the (topper by 
boiling the solution with a little nitric acid, 
and then removed as oxide by boiling with 
copper oxide or by boiling with lead peroxide 
with subsequent addition of a little barium 
carbonate. 

When the sulphate is required for purposes 
in which the presence of iron is not injurious, 
such licjuors may be at on(!e crystallised out 
with the formation of crystals containing both 
iron and copper; much of the agricultural copper 
sulphate is of this class. 

Copper containing gold and silver is some¬ 
times treated with sulphuric acid diluted with 
its own volume of water, the copper being thus 
dissolved while the silver and gold are left in the 
residue. 

Argentiferous copper ores and mattes are 
sometimes roa.sted in reverberatory furnaces, 
the roasted product, being digested wdth sulphuric 
acid until little free acid remains. The solution 
is then decanted from the precipitated lead 
sulphate, gold, and other insoluble matter, and 
passed into lead-lined tanks containing plates of 
copper upon which all the silver and part of the 
antimony and arsenic present are deposited, 
while the greater portion of the bismuth is 
precipitated as a basic sulphate and the iron 
is reduced to ferrous sulphate*. The liquor is 
then crystallised, the mother liquors being used 
for treating a fresh quantity of roasted material. 
Copper sulphate is also obtained in the refining 
of silver by precipitating it upon plates of copper 
from its stdution as sulphate. 

An electrolytic proitcss for the production of 
copper sulphate consists in using a solution of 
sodium sulphate and copper electrodes, a current 
of carbon dioxide being passed through the 
liquid. Copper is dissolved from the anode as 
sulphate, while sodium carbonate is produced at 
the cathode. These react, regenerating sodium 
sulphate and precipitating copper carbonate, 
which is collected and dissolved in sulphuric 
acid (Kroupa, J.S.C.I. 1906, 25, 78). 

A process for preparing cupric sulphate from 
scrap copper has been patented, in this, the 
scrap is treated with air in the presence of cupric 
chloride solution, and the oxychloride sludge 
so obtained is decomposed with concentrated 
sulphuric acid, forming copper sulphate crystals 
and cupric chloride, the latter being returned 
to the process (B.P. 323115). 

Copper sulphate crystallises in large, trans¬ 
parent, blue, doubly oblique, rhombic prisms 
of sp.gr. 2-28, of the formula CuS04,5H20. 
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Solubility of copper sulphate in water at 
difiFcrent temperatures as g. of CUSO 4 in 100 g. 
solution: 


t. 

0® 

15° 

20° 


40° 

g- 

. 12-9 

16-1 

17-4 

18-5 

22-8 

i. 

5.5^ 60° 

70° 

80° 

00° 

100° 

g- 

26-9 28-1 

31-4 

34-9 

38-5 

42-4 


When heated, it loses 2 mols. of water at 30®, 
becoming CuSO^jSHgO, 2 more at 100 ®, 
becoming CuS 04 ,H 20 , and at 260® loses nearly 
all its water; at 360®, however, a bttlo w'ater 
(0*04%) is still retained, but by raising the 
temperature gradually to 400° anhydrous sul¬ 
phate is obtained (Richards, Proc. Amer. Acad. 
1891, 26, 240). 

The salt obtained at 260° is w’hite and hygro¬ 
scopic, and combines with w’ater with con¬ 
siderable evolution of heat; it combines with 
W'ater contained in alcohol and other organic 
liquids with the production of a blue colour, 
and may be used for detecting the presence of 
water in these substances, although this test is 
not very dedicate. It has sp.gr. 3-606 and 
begins to decompose at 361° (Vanjukolf, J. Russ. 
Phys. Chem. Soc. 1909, 41, 688 ). The anhydrous 
sulphate has also been prepared by heating 
the pentahydrate at 250° in vacuo (F. Kralft, 
Her. 1907, 40, 4770). 

Copper sulphate absorbs hydrogen chloride 
with evolution of heat, forming cupric chloride, 
and liberating sulphuric acid. It is, therefore, 
used to remove this inipurity from such gases 
as chlorine, carbon monoxide, carbon dioxide, 
etc. A similar reaction occurs in solution. 

When mixed in solution with molecular pro¬ 
portions of other sulphates, such as those of 
zinc, magnesium, cadmium, iron, cobalt, 
manganese, etc., copper sulphate produces well- | 
defined double sulphates which may bo rhombic, 
monoclinic or triclinic, according to the amount 
of water of crystaUisation. 

A number of ammino-cupric sulphates have 
been reported, including Cu(N 113)5804, 
Cu{NH 3 ) 4 S 04 , Cu(NH 3 ) 2 S 04 , and also I 

Cu(NH3),SO„HjO. Double sulphates of I 
copper and sodium, potassium, caesium, rubi¬ 
dium, and ammonium are also known, such as: 
Na^Cu (S 04 ) 2 , 2 H 20 , K^Cu (S 04 ) 2 , 6 H 20 , 

CsXu ( 804 ) 2 , 6 H 2 O, RbgCu ( 804 ) 2 , 6 H 20 . 
and (NH 4 ) 2 Cu( 804 ) 2 , 6 H 20 . 

Ten basic sulphates of copper have been 
reported in anhydrous or hydrated forms 
varying in the ratio of CuO to SO3, such as 
6 Cu 0 , 2 S 03 , 6 H 20 and 4 Cu 0 ,S 03 , 4 H 20 {v. 
Fowles, J.C.S. 1926, 1845). 

Copper sulphate is the most important of the 
copper salts as the large number of copper com¬ 
pounds used in commerce are prepared from 
this salt. It is largely used in calico-printing, 
in dyeing, directly or indirectly for the prepara¬ 
tion of most pigments containing copper, in 
electro-plating solutions and in galvanic cells. 
It is also used as an antiseptic, as a preventative 
against rot in timber, and in making prepara¬ 
tions for protecting plants from various diseases. 
In agriculture the crude sulphate containing 
ferrous sulphate is used to prevent “ smut ” in 
seeds. For this purpose the seeds are soaked 


for some hours in a weak solution of the sulphate 
and are sown within 24 hours. 

A 10-20% solution of copper sulphate, 
preferably mixed with lime,is applied to vines 
with great benefit. A small quantity is found 
in the grapes and should be removed, although 
the tannin and sulphur introduced before 
fermentation remove it in most cases. Karsten 
has stated (J.S.C.I. 1896, 15, 367) that 

attacks of illnc^ss resembling dysentery have been 
caused by a wine which contained sufficient 
copper to give a visible deposit on steel in 
12 hours. Its presence was due to spraying 
the vines with a copper salt. An effective wash 
for vines is prepared by boiling 25 parts sodium 
carbonate and 25 parts resin in 100 parts w'^ater; 
2 litres of this solution is diluted with 10 litres 
of water and added to a solution of 2 kilos of 
copper sulphate in 50-80 litres of water, the 
mixture neutralised with sodium carbonate and 
made up to 100 litres with water (Perraud, 
Compt. rend. 1898, 127, 978). 

Copper sulphate is used in preparing copper 
ferricyanide, a solution of which in potassium 
citrate solution is used as a toning bath for 
photographs (Ferguson, “ Copper Toning,” 
J.S.C.I., 1900, 19, 465). 

Cupric Nitrite, Cu(N 02 ) 2 » is prepared by the 
double decomposition of ciJi)ric sulphate and 
barium nitrite. It is thus obtained as a bright 
green solution. It is said to evolve nitric oxide 
even in the cold, and it absorbs oxygen from the 
air, being slowly changed to nitrate. According 
i to Kay (J.C.S. 1907, 91, 1405), when the solution 
is evaporated under diminished pressure over 
sulphuric acid, nitric oxide is evolved and the 
residue, bluish-green in colour, consists of a 
mixture of nitrite and nitrate, insoluble in 
water. 

A number of double nitrites are known; for 
example, potassium copper nitrite, K 3 CU (N 02 ) 6 > 
is obtained by mixing cold saturated solutions 
of copper sulphate and potassium nitrite, adding 
methyl alcohol, fdtering, and adding ethyl 
acetate to the clear green filtrate, when long 
crystals of the salt separate. Rubidium copper 
nitrite of similar composition may be obtained 
in like manner (Kurtenacker, Z. anorg. Chem. 
1913, 82, 204). Basic copper nitrites, 

3 Cu( 0 H) 2 ,Cu(N 02)2 and 

2Cu(0H)2,Cu(N02)2. 

are also known. 

Cupric Nitrate, Cu(N 03 ) 2 , may be pre¬ 
pared by dissolving metallic copper, the oxide, 
or the carbonate in nitric acid. The solution at 
temperatures above 26° deposits dark-blue 
crystals containing 3 mols. of water which melt 
at 114-5° and boil at 170° with evolution of 
nitric acid and the formation , of a green basic 
salt. This basic salt may also bo prepared 
by boiling the solution of the nitrate with copper 
or copper hydroxide or with a little alkali. 
Hydrated crystals containing 9 mols. of water 
are obtained at low temperatures, —20° to —24°, 
and crystals containing 6 mols. at temperatures 
between — 20 ° and H-26°. 

The anhydrous salt may he obtained by the 
action of nitric anhydride on the hydrated 
salt (A. Guntz and M. Martin, Bull. Soc. chim. 
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1009, [iv], 5, 1004). By leaving a solution of 
cupric nitrate in liquid ammonia in contact with 
copper foil J. Sloan (J. Amer. Chem. Soc. 
1910, 32, 972) obtained crystals of cuprous 
ammonio nitrate, CuN 03 , 2 NH 3 , and by 
allowing the ammonia to evaporate slowly, 
anhydrous cu'prouH nitrate is obtained {v. F. 
Ephraim, Ber. 1919, 52, 236). 

Coj)per Acetate v. Acetic Acid, (Vol. I., 
p. 54 c). 

Copper Arsenite v. Arsenic (Vol. I., p. ^lld). 
Cupric Phosphate., CUg( P04)2,3H20, is pro¬ 
duced by the solution of the carbonate in dilute 
phosphoric acid and heating the solution to 
70' . Cavcn and Hill found that by boiling this 
normal phosphate with water or by washing 
with water at 100° until of constant composition 
the basic phosphate, Cu 3 (P 04 ) 2 ,Cu 0 ,H 20 , is 
produced, which compound occurs in nature as 
the mineral libelhenite (J.S.C.I. 1897, 16, 29). 

O. O. B. 

COPPER GLANCE or chalcocite v. 
Chai.ccsine. 

COPPER PYRITES ?'. Cn ^lcopyrite. 
COPRA and COPRA OIL r. Coconut 
Oil. 

COPROLITES. Concretionary mixtures of 
calcium phosphate and calcium carbonate, de¬ 
rived from the excrements of certain extinct 
fishes and reptiles. Used as a fertiliser. 
Formerly much used in the manufacture of 
superphosphate of lime. 

COPROMESOBILIVIOLIN v. Bile 
Pigments. 

COPRONIGRIN V. Bile Pigments. 
COPROSMA. The bark, and more 
especially the roots, of C. grandifolia, C. 
Unariifolia, and C. areotata (Fam. Rubiacea^), 
which are widely distributed in New Zealand, 
possess tinctorial property (Aston, New' Zealand 
J. Sci. Tech. 1918, 1, 3), and being relatt'd to 
madder j)robably contain either alizarin itself 
or an allied colouring matter. Thus, an alcoholic 
extract of C. grandifolia is coloured purple by 
alkali, and becomes yellow on addition of acid. 
From the acid solution, by means of ether, an 
orange-yellow crystalline substance can be 
isolated in small amount. 

A. G. P. and E. J. C. 
COPT ISI N E . The roots of Coptis japonica, 
which are used in China and Japan as stoma¬ 
chics, contain besides berberine two other 
alkaloids, coptisine (I) and w'orenine. (I) w^as 
first isolated by Kitasato (A. 1926, 1160). 

The ground roots are extracted with 50% 
aqueous EtOH, the concentrated extract 
acidified with sulphuric acid and the precipitated 
salts extracted with hot EtOH and HgO ; the 
sulphate of (I) remains undissolved and is thus 
separated from the two other alkaloids (Kita¬ 
sato, Amer. Chem. Abstr. 1927, 21, 2700). 

Coptisine is a quaternary base, only slightly 
soluble in organic solvents, it is best purified by 
reduction to the racemic tetrah 3 ?^drocopti 8 ine, 
m.p. 217-218° (Spath, 227-228°), needles from 
EtOH-CHClg, and reoxidation with iodine. 
For absorption spectra of (I) and that of the 
tetrahydro derivative, see A. 1927, 1095. The 
salts of (I) are crystalline and highly insoluble: 


the iodide, yellow needles decomposing above 
280°; the chloride, orange-coloured prisms, does 
not melt at 300°. By replacing by -OH groups 
the methylenedioxy groups by means of phloro- 
glucinol, meth^dating the phenolic -OH groups, 
and reducing the compound, racemic tetrahydro- 
palmatino was obtained. Kitasato {lx. 1926) 
therefore attributes to (I) the following con¬ 
stitution : 


O-CH 



2 


Coptisine. 

I. 


it was synthesised by Spath and Posega (Ber. 
1929, 62, [B], 1029) starting from tetrahydro- 
palmatine and from proiojune {lx.). Before (I) 
was found in nature, a base identical with the 
totrahydro-derivative had been synthesised 
by Haworth and Perkin (J.C.8. 1926, 1769). 
Sp&th and Julian (Ber. 1931, 64, [B], 1131) 
isolated d-tetrahydrocoptisine (m.p. 203-204°, 
[a]y 4-310°, in CHClg) from Austrian cor^^dalis 
bulbs. Go (Amer. (3iem. Abstr. 19.31, 25, 518, 
or Chem. Zentr. 1931, I, 791) isolated the la*vo- 
compound (m.p. 201-202°, [a]^ —315°, in 

CHCI 3 ) from a Corean corydalis. The alkaloid 
stylophie, isolated from Stylojihorum diphyllum 
(Fam. Papaverace.'c) by Schlotterbeck and 
Watkins (Ber. 1902, 35, 7), is probably identical 
with tetrah^'drocoptisine. 

vSchl. 

COPYING-INK or INDELIBLE PEN- 

CI LS. Originally the pencils sold under those 
names were intended to be useii for copjdng 
purposes, and for this reason a water-soluble 
aniline dyestuff formed an ingredient of the 
“ lead,” but the writing done with most of 
them will ^dcld only faint copies. The term 
“ indelible ” is also a mi.snomer, since the 
methyl violet, which most of them contain, can 
bo readily bleached. 

In addition to the soluble dye, the pigment also 
contains graphite or kaolin or both. Prepara¬ 
tions intended for use in pencils of this type were 
first patented by Petit (B.P. 4090, 1874), and 
their composition was described by Viedt 
(Dingl. poly. J. 1875, 216, 96). Lehner (“ Ink 
Manufacture,” 1902, p. 125) gives the composi¬ 
tion of four typical Bavarian pencil pigments, 
made by Faber, and the table at head of page 
360 shows the variation in typical pencils deter¬ 
mined by Mitchell (Analyst, 1917, 42, 1). 

The proportion of graphite in the pigment 
affects the behaviour of the material towards 
infra-red rays, and enables many of the pig¬ 
ments to be readily distinguished from one 
another. Pigments in which there is no graphite 
are transparent in an infra-red photograph 
(Mitchell, Analyst, 1935, 60, 459). 
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Origin. 

Mois¬ 

ture. 

Residue 
insol. in 
water 
or 

alcoliol. 

Dye¬ 

stuff. 

Loss on 
ignition 
(gra- 
j)iiitc, 
etc.). 

Ash 

(kaolin, 

etc.). 

American 

*/0 

2-35 

% 

76-45 

21-20 

27-09 

% 

47-.36 


7-48 

51-53 

40-99 

25-48 

31-92 


2-30 

60-89 

36-81 

56-84 

4-05 


3-75 

63-95 

32-30 

13-90 

50-05 

Austrian 

3-56 

47-14 

49-94 

44-14 

3-00 

British 

2*72 

65-48 

31-80 

62-08 

3-40 

,, 

4-53 

73-05 

22-42 

69-17 

3-88 

German 

3-72 

64-48 

31-80 

11-86 

52-86 


6-33 

59-83 

33-84 

7-61 

52-22 


3-83 

57-59 

38-58 

40*01 

17-58 


Copying ink pencils containing a largo pro¬ 
portion of alumina tend to bo more indelible 
than those in which the pigment consists only of 
graphite and dyestuff'. In this country only 
the violet pencils are in demand, for blue and 
red pencils usually contain an insoluble pigment 
instead of a dye; the composition of the pig¬ 
ments of typical coloured pencils was deter¬ 
mined by Mitchell (Analyst, 1922, 47, 385). 
A simple charring test, in which the graphite 


of a copying ink pencil is left on the coherent 
ash of the paper, enables the sequence of two 
intersecting strokes made with a copying-ink 
pencil of the graphite type to be determined 
(Mitchell, Analyst, 1925, 50, 178). 

C. A. M. 

CORACAN Cereals, (Vol. II, p. 488rf). 

CORAL is the calcareous substance secreted 
by several different organisms. The best known 
of tliese belong to the ('oelentrratrs and include : 
(1) some Hydro/.oa known as Millej)oreSy 
common on tropical coral reefs, (2) a large 
number of Aetinozoa (Anthozoa), which incluclc 
the commonest reef-building corals and the 
prccdous c'oral of industry. The term eoral is 
also loosely applied to (3) somcj of the Polyzoa 
(known as sea-mats or zoophytes) which have 
coral-like forms and are the chief constituent 
of the IVrtiaiy deposit known as the “ Coralline 
Crag ” ; (4) some shallow water Porarninifera, 
very primitive Hh(‘ll-b(‘aring animals which form 
an impf)rtant percentage of the sand of coral 
reefs ; (.5) certain sea-weeds {Nulliporf'.s or 

Calcareous Alga’) which have a cal(*areous 
skeleton and an^ alsf) common on coral reefs. 

A large number of analyses of coral are given 
by F. W. Clarke and W. C. Wheeler (U.S. 
Geol. Surv., Prof. Paper 124, 1922), and a 
selection of these is given in the table : 


Percentage Composition of Coral. 



CaO 

MgO 

SiOg 

Loss on 
ignition. 

Hydrozoa— 

Mtllepora alcicornis . 

Aetinozoa— 

52-50 

0-43 

0-23 

44-77 

Forites astrcoidcs . 

53-84 

0-18 

0-02 

44-08 

Madrepnra prolifera . 

53-48 

0-06 

0-19 

44-50 

Faviajragum . 

53-69 

0-18 

0-28 

44-44 

Maeandra labyrirtthiforrnis . 

Polyzoa— 

53-71 

0-26 

— 

45-10 

Flufiira membranacea . 

F oraminifera— 

,30-81 

2-06 

3-00 

61-45 

OrbitoUtes marginalis . 

Algfc— 

48-92 

4-93 

0-03 

1 45-20 

LitJiothamnium . 

48-00 

4-78 

0-41 

45-41 


The precious coral of industry is chiefly 
Corallium ruhrum. It is obtained in depths 
between 90 and 900 ft. in the Mediterranean. 
The richest fishery is on the banks off the 
Algerian and Tunisian coasts and also off the 
coast of Sicily. Black coral comes from Jidda 
in the Red Sea, and white and red (Morro) 
coral of good quality comes from Japanese 
waters. All arc used in the manufacture of 
jewellery. The composition of precious coral 
is given by G. F. Kunz (in I). K. Treasler, 
“ Marine IVoducts of Commerce,” 1923) as 
shown in table opposite. 

The colour of black coral is said to be due to 
the organic matter, while some workers have 
said that the colour of the red coral is due to 
iron. The red colour, however, is destroyed on 
ignition, so that presumably it is an organic 
compound formed by the polyps. The specific 



Rod coral. 

Black 

coral. 

1 

Calcium carbonate . 

86*974 

85-801 

Magnesium carbonate . 

6-804 

6-770 

Calcium sulphate 

1-271 

1-400 

Ferrous oxide 

1-720 

0-800 

Organic matter .... 

1-350 

3-070 

Water. 

0-550 

0-600 

Phosphorus, silica, etc. . 

1-331 

1-559 


gravity of precious coral is close to that of calcite, 
varying from 2-6 to 2*7, but its hardness (3|) is 
a little greater. The low hardness facilitates 
carving and turning and, though it does not 
take a fine polish, the beauty of hue makes up 
for this and it wears well. The colour of red 
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coral varies from crimson to rose, the latter 
being the rarest and therefore most prized. 

Although the analyses in the tables give the 
composition of some of the more important 
corals, it is known that important changes 
in the composition take place at comparatively 
shallow depths in coral reefs. The calcium 
carbonate is largely replaced by magnesium 
carbonate, wliich may rise as high as 38%. 
This imperfectly understood phenomenon is 
known ns dolomitiaallony and has been most 
closely studied in the borings from the Atoll of 
Funafuti (J. W. Judd, Phil. Trans. 1904, “ The 
Atoll of Funafuti,’' pj). 362-389; E. W. Skeats, 
Amer. J. 8ci. 1918, 45, 185). It was found 
that down to the depth of 637 ft. dolomitisation 
had only o(*curred to a slight extent, the mag¬ 
nesium carbonate never exceeding 16%; but 
the lower portions of the boro were very rich 
in magnesium {;arbonate, containing from 30 to 
43%. Different degrees of dolomitisation have 
been found in other bores in different reefs. j 

Sandy islands on coral reefs arc the home of 
innumerable sea-birds, and their excreta replace 
the carbonate in the coral by phosphates. This 
guano may be, as is f ho case on the coral reef 
known as Christmas Island, of commercial 
importance. The deposit may contain as much 
as 38’5% of phosphoric acid. 

(For an account of the distribution, structure, 
and formation of coral reefs, eea J. J>. Dana, 

“ Corals and Coral Islands ”; C. Darwin, 

“ Coral-Reefs ” ; W. M. Davis, “ The Coral Reef 
Problem.”) 

A. P. O. 

CORAL-ORE V. Cinnabar. 

CORAMINE (CIBA). Pyridine^-carboxy- 
diethylamide. I'sed as a cardiac stimulant. 

CORDEAU DETONANT or DE¬ 
TONATING FUZE. Several varieties of 
this fuze, which is used for firing a number of 
explosive charges simultaneously, have been 
manufactured, but the type most largely used 
at present consists of a narrow lead tube filled 
with trinitrotoluene. It is fired by means of an 
ordinary detonator and safety fuze or by means 
of an electric detonator. 

H. S. 

CORDIALS AND LIQUEURS. These 
are spirituous mixtures usually sweetened and 
fiavoured with essences obtained from herbs, 
spices or other substances, and often strongly 
coloured. They arc manufactured and used to a 
much greater extent in France and other 
Continental countries than in the United 
Kingdom, and although there is no essential 
difference between them, the term “cordials” 
is by many restricted to British and American 
preparations, and “ liqueurs ” to those 
originating elsewhere. 

The spirit in the best quality of liqueur is 
derived from the grape, but grain, molasses 
or other spirit is frequently employed, especially 
in cordials. In the case of citrus cordials 
the spirit used is often prepared by fermentation 
of the juice of the fruit after the addition of 
sugar. Whatever the origin of the spirit it 
should be highly rectified, and unless obtained 
from the basic fruit it should be neutral in 
character, so as not to impair the flavour of the 


finished product. The alcoholic strength of 
cordials and liqueurs varies greatly, but, on 
the average, they contain from 30 to 40% 
of alcohol, approximately equivalent to 50 to 
70% of proof spirit. 

The principal flavouring ingredients employed 
fall into three classes. Those used solely on 
account of their essential oils include aniseed, 
bitter almonds, caraway, juniper berries, mint, 
lemon-peel and orange blossom. Those valued 
for their bitter principles as well as their essential 
oils include cinnamon, cloves, curacoa apples 
(a kind of orange), gentian, ginger, orange- 
peel, sweet calamus, wormwood and vanilla. 
The third class of flavouring consists of fruits, 
such as cherries, pineapples, raspberries and 
strawberries. The flavourings are prepared for 
use either by digesting with alcohol and distilling 
the mixture to obtain an essence, filtering the 
alcoholic extract to form a tincture, or by 
expressing and clearing the juice of fruits. 
Those for citrus cordials are sometimes prepared 
by expressing the oil from the peel, the juice of 
the fruit being fermented, after the addition of 
sugar, to give the necijssary spirit. Artificial 
essences simulating the above flavourings are 
frequently employed, but their use in beverages 
is questionable, since it is j>ossible that their 
physiological aedion differs from that of the 
natural flavouring substances which they are 
intended to imit ate. 

The sweetening material used may be sugaf, 
honey or glycerol. In the case of the former it 
should be commercially pure and, before addition 
to the i)reparation, is dissolved in water to form a 
syrup. 

The colouring matters most commonly used 
are: red, aniline red, brazilwood, cochineal, 
cudbear, and sandalwood; yellow, saflVori and 
turmeric ; blue, indigo ; green, chlorophyll; 
violet, aniline violet; brown, burnt sugar or 
caramel. 

F. G. H. T. 

CORDITE. This smokeless powder, in 
various modifications, is the principal British 
Service propellant. It is usually in cord-like 
form, but for special purposes it is made into 
tubes with single or multiple perforations, 
and is sometimes used in the form of flakes 
made by slicing the cords. 

Composition .—Ordinary cordite is essentially a 
mixture of guncotton and nitroglycerin, gelatin¬ 
ised by means of acetone, together with a small 
quantity of mineral jelly (soft paraffin), the 
whole being thoroughly incorporated. The 
mineral jelly was originally added to prevent 
fouling of the rifle, but it was found to diminish 
erosion by acting as a cooling agent, to improve 
the regularity of the burning, and also to act as a 
waterproofing agent. The unsaturated hydro¬ 
carbons such tis olefines and naphthenes present 
in the mineral jelly, by combining with the 
products of decomposition of the nitro-bodies, 
tend to stabilise the cordite. Furthermore, 
the mineral jelly to a certain extent protects 
the nitroglycerin and nitrocotton from atmo¬ 
spheric influences. 

The original cordite (Cordite, Mark I) was 
composed of nitroglycerin 58%, guncotton 37%, 
and mineral jelly 5%. The guncotton had a 
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nitrogen content of 12*8 to 13-1% and from 
about 10-12% was soluble in ether-al<!ohol. 
Owing to its high nitroglycerin content this 
cordite had a high temperature of explosion, 
and produced considerable erosion in guns of 
large calibre. In 1901 a modified form was 
produced, known as Cordite M.D. In this 
variety the percentage of nitroglycerin was 
considerably reduced, the composition being 
nitroglycerin 30%, guncotton 65%, and mineral 
jeUy6%. 

Manvfacture ,—The 'guncotton containing 
about 30% of moisture is dried in a stove by a 
current of hot air until the moisture is reduced 
to about 0*5%. The cooled, dried guncotton is 
weighed out into rubber-lined canvas bags and 
then taken to the nitroglycerin filtering house, 
where the requisite quantity of nitroglycerin is 
measured out through a rubber tube on to the 
guncotton. The bag is then carried to the 
mixing house where the contents are mixed by 
hand on a lead table which is perforated at one 
end with ^-in. holes through wdiich the material 
is rubbed into the bag below. The product at 
this stage is known as ““ Cordite Ihiste.” To 
effect incorporation, part of the acetone is first 
poured into a kneading machine of the Werner 
Pfleider type, the machine started, and the 
cordite paste, together with the remainder of 
the acetone, about 56% of the weight of the 
guncotton in all, gradually added. The mixture 
is covered to prevent loss of acetone and the 
mixing continued for 3J hours. 

At the end of this time the charge of mineral 
jelly is added and the machine run for a further 
3J hours. During these operations the acetone 
gradually dissolves the guncotton and nitro¬ 
glycerin and thoroughly incorporates them with 
the mineral jelly. The resulting produc't is 
known as “ Cordite Dough.” The stiff dough 
becomes somewhat heated during the mixing, 
but the temperature is not allow'cd to exeeecl 
40°C., and is controlled by the water jacket 
with which the machine is provided. The dough 
is then conveyed in bags to the press house, 
where it is squirted or pressed, by plungers 
working in cylindrical moulds, through a die 
with one or more holes according to the diameter 
of the cord required. A perforated plate 
supporting a fine wire gauze is placed above the 
die to retain mechanical impurities. Pressing 
into tubes is effected by means of a die with a 
pin in the centre, but when small sizes are 
being pressed considerable trouble is experienced 
through a partial vacuum being formed and 
consequent coUapse of the tube. This can be 
avoided by the use of a hollow pin with com¬ 
munication to the outer air. 

The smaller sized cords are wound auto¬ 
matically on to reels as they leave the die, 
the larger sizes are cut into the required lengths. 

For drying, the reels of cordite and the 
larger sizes on trays are placed on open racks 
in stoves heated by steam pipes or by a current of 
air at a temperature of about 40°C. For the 
smallest sizes no stove heating is required in 
the summer; all that is necessary is to keep 
the cordite at a temperature of about 16°C. 
for a few days. The time required for drying 
the large sizes at 40°C. varies, according to the 


diameter of the cord, from 2 to 15 days. Cordite 
M.D. requires a much longer time for drying 
than the Mark I type, several months being 
necessary for the largest sizes. 

The drying process removes moisture and the 
greater part of the acetone, of which about 15% 
remains in the pressed cordite. Since the 
amount of acetone present is appreciable, 
arrangements are made for its recovery. One of 
the recovery processes is Robertson and Rintoul’s 
(B.P. 25994, 1901) and consists in passing the 
acetone-impregnated air from the stoves tliroiigh 
a series of towers down which a 30% solution 
of sodium bisulphite is trickling. The acetone 
combines with the bisulphite and when the 
solution is nearly saturated it is transferred to a 
still where after the addition of a little sodium 
carbonate the liquor is distilled. The acetone 
thus recovered is purified by fractionation. 

After drying is complete, difl’orent batches of 
cordite arc thoroughly blendcnl in order to 
obtain nniforinity of (xunposition and ballistic 
properties. This is effected in the case of the 
smalk'r sizes by rewinding several reeds simul¬ 
taneously on to a single drum. The larger sizes 
are blended by hand, the sticks from the drying 
stove trays being placed in boxes and the 
(‘ontents of these mixed by com billing a few 
from eaeli box, the operation being repeated. 
Jiefore blending, the stic'ks are carefully 
examined and any which are badly distorted or 
contain specks of foreign matter are disc^arded. 

Properties .—Cordite varies in (‘olour from 
light to dark browTi. The thin cords of the 
Mark T matcTial are flexible, but the largCT sizes 
break easily when bent. Cordite M.D. is 
considerably harder and more brittle and is 
difficult to cut with a knife. 

The specific gravity of Cordite, Mark I, is 
about 1'56-1 *57, that of Cordite M.l). being 
1 *58-1'59. 

Cordite is water repellent and can bo kept 
under water, salt or fresh, for some time with¬ 
out its explosive properties being affected. 
Ev^en when fired wet in a gun the ballistics 
only fall off to the extent due to the evaporation 
of the water. On prolonged cold storage the 
nitroglycerin exudes slightly, but is gradually 
rc-acisorbed when the temperature rises. 

Cordite does not ignite very readily, but 
once ignited bums relatively slowly with a 
strong yellowish flame which is practically 
smokeless. A stick becomes pointed at the 
end as it burns and the flame can be extinguished 
by blowing strongly on it. A considerable bulk 
of cordite can be burnt in the open without any 
explosion. It only burns explosively when 
strongly confined. If ignition of cordite con¬ 
fined in wooden boxes occurs, the material does 
not explode, but bums quietly, although the 
boxes may bo burst open by the escaping gases. 

Owing to the difficulty in ignition of cordite a 
stronger cap of different composition is necessary 
to ignite the fine cordite in small arm ammuni¬ 
tion than was required for black powder, and 
to ensure the ignition of the larger sizes the 
charge of cordite has to be primed with an 
ordinary black powder or guncotton primer 
which passes on the flash of the igniting tube 
to the charge. 
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Cordite is very insensitive to shock and 
cannot be exploded by the passage through 
it of a rifle bullet. Exhaustive trials under 
very varied climatic conditions have shown that 
the ballistic stability of cordite is of a high 
order. The ballistic power is very nearly four 
times that of black powder owing to the 
increased volume of gases liberated per unit 
weight and the high temperature of the explosion. 

Cordite can give a pressure of more than 120 
tons per s(p in. as compared with the maximum 
of 43 tons obtainable with black powder, but 
in practice the pressure in the gun does not 
nearly attain this figure owing to the relatively 
large size of the gun barrel compared with the 
volume of the cor^te. 

The ballistic properties of cordite are more 
influenced by temperature than is the case with 
black powder, the pressure developed and the 
velocity of the shot being greater at increased 
temperatures, but not to the extent of seriously 
modifying the shooting under Service conditions. ! 
Cordite bums more quickly under high pressures 
than low and the smaller the size of cord the 
more rapid is the combustion. The pressure 
due to cordite is more gradually developed in 
the gun than is the case with black powder and 


is better sustained. 

Numerous analyses of the products of explo¬ 
sion of cordite have been published by Noble 
(Proc. Roy. Soc. 1905, 76, 381). The following 
results were obtained by exploding the powders 
in a calorimetric bomb, the loading density 
being 0*05 : 


(’orditc, 

Cordite 


Mark 1. 

M.D. 

Vol. permanent gas ml. 



per g. 

678*0 

781*8 

Vol. total gas ml. per g. . 

877*8 

955*4 

Composition of permanent 



gas : 

% 

% 

Carbon dioxide 

27*15 

18*15 

Carbon monoxide 

34*35 

42*60 

Hydrogen .... 

17*50 

23 15 

Methane. 

0*30 

0*35 

Nitrogen. 

20*70 

15*75 


100*0 

100*0 

Composition of total gas : 



Carbon dioxide 

20*97 

14*85 

Carbon monoxide 

26*53 

34*87 

Hydrogen .... 

13*52 

18*95 

Methane. 

0*23 

0*29 

Nitrogen. 

15*99 

12*89 

Water. 

22*76 

18*15 

Pressure tons/sq. in. 

Heat evolved (water liquid) 

cal. per kg. 

Temperature of explosion 
(calculated) .... 

100*0 

100*0 

2*9 

1,272 

5,151°C. 

2*7 

1,036 

4,056°C. 


The temperatures being calculated with very 
low values for the specific heats, are consequently 
high and have only relative value. The tem¬ 
perature of explosion as determined by Robert¬ 
son was found to be 2,663'^C. for Mark I, and 
2,374®C. for Cordite M.I). 

The larger volume of gaseous products and 
the lower temperature of explosion explain 
why the erosive effect of Cordit/O M.D. is so 
much less than that of Cordite, Mark I. 

The erosive effects of cordite are less than 
those of black powder and of a different charac¬ 
ter. With the latter, the bore of the gun is 
pitted by the corrosive action of the j^roducts 
of combustion, whilst with the former only the 
surface near the powder chamber is smoothly 
washed away by the passage of the hot gases 
between the projectile and the boro before the 
inertia of the shot is overcome. 

Cordite M.D. gives far less flame than 
Cordite, Mark I, when used in rifles or machine 
guns. 

Anahjais of Cordite Mark I and M.D .— 
Volatile Matter. 5 g. of the ground cordite are 
heated for 3 hours on a boiling water plate in an 
aluminium dish covered with a glass cone, both 
of specilied dimensions (see Marshall, J.S.C.l. 
1904, 23, 154). 

Guncotton. —2 g. of the ground cordite are 
extracted with ether for 2^ hours in a weighed 
Soxhlet thimble. The residue is dried at 82^C. 
until constant in weight. 

Mineral Jelly. —The ether extract is evaporated 
to dryness and the nitroglycerin is removed 
by treatment with methyl alcohol. The 
alcoholic solution is filtered and any mineral 
jelly which has been transferred to the filter is 
washed back into the flask by means of ether. 
The ether is distilled off and the residue dried in 
the boiling water oven, any traces of nitro¬ 
glycerin vapour being removed by a current of 
air. The drying 0])eration is continued until 
the mineral jelly is of constant weight. 

Nitroglycerin. —This is usually estimated by 
difference. 

Abel Heat Test. —This is the British official 
heat test which is applied to nitro explosives 
generally. The principle of the test is to note 
the time required to produce a standard tint on 
a potassium iodide starch paper when the 
explosive is heated under specified conditions. 
The explosive is weighed out into test tubes 
about 5i to 5^ inches long having a capacity 
of 20 to 22 ml. when filled to a height of 
5 inches. They are provided with an india- 
rubber stopper fitted with a glass rod terminating 
in a platinum wire hook. On the hook is 
suspended a tost paper about lOx 20 mm. in 
area, the upper half of which is moistened with a 
mixture of equal parts of glycerol and water. 
The test tubes are placed to a depth of 3 inches 
below the cover of a water bath, the temperature 
of which is carefully regulated at the specified 
temperature (usually 160-180°F.). The water 
bath is a spherical copper vessel about 8 inches 
in diameter fitted with a cover having a 
number of circular holes (usually six) and 
fitted on the underside with clips to take the 
tubes. The bath is fitted with a thermometer, 
the bulb dipping 2i inches into the bath, and 
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usually some form of temperature regulator. 
The test is complete when the faint brown 
line, which appears at the junction of the wet 
and dry parts of the test paper which is adjusted 
to be I of an inch above the cover, is equal in 
tint to the brown line on a standard tint paper. 

Cordite R.D.B.—Owing to the shortage of 
acetone during the War a further modification 
known as Cordite R.D.B. w'as introduced. 
This variety contained nitrocottoii 52%, 
nitroglycerin 42%, and mineral jelly 6%, the 
nitrocottoii having a comparatively low nitrogen 
content (12-12-2%) and capable of being 
gelatinised by means of ether-alcohol. 

This cordite was designed to give similar 
ballistics to cordite M.D., and in practice it was 
found to be in no way inferior to the latter in this 
respect. 

In the case of Cordite R. D.B. the solvents w'ere 
originally recovered by absorption in sulphuric 
acid. The Daniel and lircgeat process (B.B. 
127309) takes advantage of the property of 
phenol and its homologues such as cresol of 
absorbing other and alcohol, and this method 
of solvent recovery was employed at various 
factories during the War with very satisfactory 
results, about 50% of the total solvent being 
recovered. 

11. S. 

CORDYLITE or BARIUM-PARISITE. 

Carbonate and fluoride of cerium-metals and 
barium, (CeF)2Ba(003)3, containing €6203 
23*72% and (La, 01)303 25*67%. It occurs as 
small, pale w*ax-yeIlow, club-shaped hexagonal 
crystals in syenite-pegmatite at Karaarsuk near 
Julianehaab in south Greenland; sp.gr. 4*31. 
It is isomorphous with, and closely related to, 
parisite. 

L. J. S. j 

COREOPSINEPOURCUIRr. Acridine 
Dyestuffs (Vol. 1, p. 133). 

CORIANDER. —The dried fruit (seed) of 
Coriandrum aativvm Linn. (Fam. Umbelliferse), 
indigenous to Italy, but cultivated throughout 
Europe, especially in Russia. The plant is an 
herbaceous annual with an erect and branching 
stem rising to about 2 ft. in height, it bears 
white or pinkish flowers in June and the fruit 
ripens in August, the fruits being in distinct 
contrast to all those other umbelliferous plants 
employed for flavouring purposes in that they 
are globular wdth a diameter about twice the 
size of mustard seed. The plant is abnormal 
also in that any part of the fresh plant, when 
bruised, emits a fmtid odour, whilst the fruit 
becomes fragrant on drying. The plant is cut 
and threshed when the fruit is ripe. The fruit 
is composed of twm pale yellowish-brown sub- 
globular mericarps united at their margins, 
2 to 4 mm. in diameter, and in cross-section 
reveals its similarity to other umbelliferous 
fruits, in that each mericarp possesses five 
primary wavy ridges but with four more 
prominent, straight, secondary ridges. Vittie, 
or oil ducts, are only present on the commissural 
sides of the ripe fruit, two in each mericarp; 
there are many others in the unrijje fruit, 
but these disappear as it develops. The taste 
is sweet and aromatic, and the fruits are 


largely used for flavouring purposes, especially 
in curry powder, and as a carminative. 

Microscopic Appearance .—During ripening 
the outer pericarp is almost entirely discarded, 
80 that stomata are seldom observed, and the 
chief diagnostic features are the pitted fusiform 
cells of the lignitied sclerenchyrna, which are 
only present on the outer surface of the mericarp. 
These are five to ten layers deep and cross each 
other. The vitta) are 300 to 400/x in diameter. 
The inner mesoearp merges into the endosperm 
and consists of tliick-w*ailed })arenchymatous 
cells, containing aleurone grains, fixed oil, and 
minute rosettes of calcium oxalate. 

Chemical Composition. —C. Arragon (Ann. 
Falsif. 1915, 8, 345) gives the following com¬ 
position of a sample of coriander fruit: 


O,' 

Water .... 9*2 

Ash.7-01 

Fat .20*0 

lilssential oil . . . 2*2 

Protein .... 14-2 

Fibre.24*7 

Starch and reducing 

substances . . . 21*2 


All the figures other than water are on the 
dry material. 

The principal constituent is the essential oil, 
which varies from 0-4 to 1*0%, the figure 
obtained by Arragon {supra) is high, and the 
best method of determination is probably that of 
Cocking and Middleton (Quart. J. Phann. 
1935, 8, 435). The powdered fruit is mixed w ith 
brine, distilled, and the vapours paHSf‘d through 
the top of a condenser into a graduated tube, 
in which the oil is collected whilst the condensed 
water is returned to the distillation flask. An 
air inlet or outlet is provided by means of a side 
tube below the condenser hut above the gradu¬ 
ated tube. Those authors found that the yield 
of oil is increased slightly by powdering the 
fruits before distillation, but that the powdered 
drug loses oil on storage. They found from 
0*25 to 0-40% of oil in eommereially powdered 
fruit. For further details of the oil, sec 
Coriander, E.ssential Oil of. 

Standards .—The “ British Pharmacopada ” 
requires that coriander shall contain not more 
than 2% of foreign organic matter; ash not 
more than 7%; acid-insoluble ash nut more 
than 1%. 

T. McL. 

CORIANDER, ESSENTIAL OIL OF. 

The oil distilled from the ripe fruits of 
Coriandrum sativum Linn. (Fam. Umbelliferae), 
a native of central Europe and cultivated in 
Morocco, Thuringia, Russia and India. It is 
also grown in Cyprus. Other parts of the plant 
yield an inferior oil having a bug-like odour. 

Constituents ,—The chief odorous constituent 
is d-linalool, formerly known as coriandroL 
The terpenes present are a-pinene, jS-pinene, 
jo-cyinene, dipenteno, terpinolene, terpineiie, 
and phellandrene. It also contains traces of 
bomeol, geraniol, w-decylic aldehyde, and esters 
of acetic and decylic acids. 

Characters .—A colourless or pale yellow oil, 
sp.gr. 0*870-0*885, optical rotation -f 8° to +13°, 
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ref. ind. 1 *456 to 1*478. Soluble in 3 volumes of 
70% alcohol. Alcohols determined by formyla- 
tion 60 to 80%. The determination of linalool 
cannot be made by the acetylation process 
owin^j to the decomposition of the alcohol. 

This oil is used largely in the manufacture of 
liqueurs and in the chocolate industry. It is also 
employed in medicine as a carminative and 
flavouring agent. 

C. T. B. 

CORIANDROL v. Cuuiander, KsscNTiAn 
Oil of. 

CORINDITE is the name given to a refrac¬ 
tory and abrasive matcirial which has been 
claimed as a “ new product.” Jn 1914 a 
French engineer, Noel Lccesne, patented a 
process of fusing bauxite economically. A 
mixture of 3 parts crude bauxite, as quarried, 
and 1 part of anthracite is heated in a cupola 
oven and air blown into the lower portion. 
The bauxite is reduc(^d, with the formation of 
aluminium carbide, whi(4i in the j)resence of 
excess of air is almost entirely oxidised to 
alumina, the heat of the reaction being such 
that the mass fuses in successive layers. On 
cooling, a vesicular mass is left, through which 
an immense number of small crystals of fused 
alumina are disseminated (F.P. 471.513; 

J.S.C.I. 1915, 34, 356). There are two varieties 
of Fremdi bauxites, white and red ; the former 
when fused has a melting-point of l,9r)0“C., 
the latter resembles emery and is a powerful 
abrasive. It is stated that Irish bauxite (Larne), 
white and low in Ah^Og, hitherto of little 
commercial value, gave a })roduct ecjual to that 
obtained from French material. The (crushed 
corindite is mixed with finely-ground refractory 
binders, such as bauxite, kaolinitic clay, etc., 
moistened and moulded into shapes which have a 
very low air-shrinkage. The dried bricks are 
fired at 1,350° to 1,4(K)°C. and up to 1,750°C. 
show very little variation in volume. The 
porosity varies with the mechanical composition 
of the mixtures and ranges from 9 to 12%. 
Lime, magnesia, etc., are not suitable binders 
as they lower the refractoriness. Corindite 
articles also have great resistance to deprecia¬ 
tion and have been recommended for rotary 
cement kilns, heavy oil and gas engines, coke- 
ovens, etc. (Bigot, Trans. Ceram. Soc. XVIII, 
267 ; La Ceramique, 1917, 20, 41 ; Eng. and 
Min. J. 1917, 104, 417; J.S.C.l. 1917, 36, 1094). 

W. C. H. 

CORINTH RK (INDANTHRENE 
GREY K) V. Anthraquinone Dyestuffs 
Vol. I, p. 420a. 

COR lOFLAVI N E. An acridine dyestuff 
V. Vol. I, p. 133c. 

CORIPHOSPHINS are acridine dyestuffs 
V. Vol. I, p. 1326. 

CORK. Cork is derived from the bark of 
two evergreen species of oak, Qmreus Suber 
Linn., sometimes regarded as a variety of Q, 
Ilex (holm-oak) rather than as a distinct species, 
and Q. occidentalis Gay. The former yields 
the best cork, and grows chiefly in countries 
bordering the Mediterranean, whilst the latter 
occurs on the Atlantic seaboard of Portugal, 
Spain, and France. 

The chief sources of supply of cork are Spain 


and Portugal, which together i>roduce about 
four-fifths of the world’s output. Algeria and 
Tunis also contribute to the supply, and smaller 
quantities are obtained in Southern France, 
Corsica, Sardinia and Sicily. 

The cork tree is from 20 to 60 ft. high, .3 to 4 
ft. in diameter, and attains an ago of 150 or 
sometimes even 200 years. It thrives best on 
sandy or granitic soils. The quality of the bark 
depends on the nature of the soil, trees on 
poor soils producing bark of fine texture whilst 
those on ridi soils give a thicker, coarser 
and spongy bark. The cork is developed in the 
cortex by the activity of a meristematic layer of 
tissue, the phcllogen or cork cambium. 

Barking the Trees .—This operation requires 
great care, as on it dejiend the life of the tree 
and the regularity of the cork slabs produced. 
Two cuts are made round the stem—one a little 
above, the ground and the other just beneath 
the spring of the main branches. Three or four 
vertical cuts arc made and the bark is stripped 
off by inserting beneath it the wedge-shaped 
shaft of the imj)lement used to make the 
incisions, (’are must be taken not to injure the 
phellogcn. 'fho first stripping is effected when 
the tree is 15-20 years old. The piroduct, 
termed “ virgin cork,” is rough, uneven, and 
w’oody in texture, and is of little value as it is 
not sufficiently elastic for use as bottle (jorks. 
It was formerly used for the production of 
Spanish black and for ornamental rustic w’ork, 
but of late years it has been employed in the 
form of ground cork for insulating purposes 
and for linoleum manufacture. After 8-10 
years a further layer of cork is removed from 
the trees; this, known as “ sccKmdary bark,” 
is of much better quality than the virgin cork 
but not so fine in texture as the third and later 
strippings, which are collected at further intervals 
of 8-10 years. 

After the slabs of cork have been taken from 
the trees, they are stacked and weighted with 
heavy stones to flatten them. The cork is 
then immersed for 5 or 6 minutes in a tank of 
boiling water which causes it to swell and 
improves its softness and elasticity; the water 
also removes tannin and other soluble matter. 
In Spain the cork is sometimes passed through a 
fire, whereby it is superficially charred, and is 
supposed to acquire special qualities. The slabs 
are finally hydraulically compressed and baled 
for the market. 

Physical Properties and Uses .—The chief 
characteristics of cork that render it peculiarly 
suitable for the various uses to which it is 
applied are its low^ sp.gr. (average about 0*16), 
its compressibility, elasticity and imperme¬ 
ability to both air and water, and its low 
thermal conductivity. In addition to its 
extensive employment in bungs and stoppers 
for bottles and other vessels containing liquids, 
it is used in making mats, soles for shoes, linings, 
artificial limbs and many other articles. 

Waste cork is granulated by suitable 
machinery, and then ground to powder. The 
finest dust is used in conjunction with linseed 
oil for the manufacture of linoleum and other 
floor coverings. The most important use of 
cork waste, however, is as insulating material. 
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Many methods have been dcjvised for the 
manufacture of moulded slabs in which use has 
been made of various binding materials, such as 
gluten, casein, tar, pitch, and mixtures of glue 
with oily and resinous substances. Another 
method of making cork slabs or boards is 
carried out by placing the ground waste in iron 
moulds, subjecting it to heavy pressure and 
heating it in an oven at about 450-500°. This 
treatment effects the cohesion of the cork 
particles without the addition of any extraneous 
material, and the product is termed “ baked 
slab cork.” 

Chemistry of Cork. —Cork consists essentially 
of suberin, but contains about 2-9% of cerin or 
cork wax (m.p. 250°). According to Karrer, 
Peyer, and Zega (Helv. Chim. Acta, 1922, 5, 
853) cellulose is present to the extent of 1*6- 
3-0%. The composition has been studied by 
Zetzsche and his co-workers (Helv. Chim. Acta, 
1927, 10, 346; 1928, 11, 272; 1931, 14, 632), 
Kugler (Arch. Pharin. 1884, 217), Gilson {ibid, 
1890, 690), Hy. Ingle (J.S.C.l. 1904, 1197), 
M. von Schmidt (Monatsh. 1904, 25, 277, 302; 
1910, 31, 347). 

Gilson saponified cork from Q. Suber with 3% 
alcoholic potash, and isolated from the filtrate 
44% of fatty acids, consisting of: “phellonic 
acid,” C22H43O3, m.p. 102°, a monobasic acid 
giving a violet colour with zinc chloride-iodine 
solution, yield 8% ; “ suberinic acid,” Cj^Hg^Og, 
a semi-fluid sticky substance, yield 36%; and 
a small amount of “phloionic acid,” C22H440g, 
m.p. 62-63°. He considered suberin to be a 
mixture of complex esters and possibly condensa¬ 
tion products of different acids. 8curti and 
Tomassi (Gazzetta, 1916, 46, [ii], 159) have found 
that phellonic acid is identical w’ith a-hydroxy- 
behenic acid and that suberinic acid is either 
ricinoleic acid or an isomeride of it, 

Schmidt expressed the view that suberin was 
partly composed of glycerides, although pre¬ 
viously only small quantities of glycerol had 
been found among the degradation products of 
cork. In order to account for the excess of 
acids above the amount required to form the 
glycerides, ho suggested that they were present 
as anhydrides or polymeridos. He was further 
of opinion that young cork contains glycerides 
only, which, under the influence of air, light, 
and probably also of enzymes, suffer hydrolysis, 
the glycerol being partly oxidised to carbon 
dioxide and water whilst the fatty acids partly 
polymerise and partly form anhydrides. 
Zetzsche considers that suberin consists of 
high molecular polymerides of unsaturated 
acids, mainly hydroxy-acids, and regards 
Schmidt’s hypothesis that they are present 
as anhydrides as unlikely. On hydrolysing 
pure cork (prepared by the action of boiling 
aqueous sodium sulphite on crude cork) with 
alcoholic sodium hydroxide, Zetzsche and 
Sonderegger found that sodium phellonate 
(a-hydroxybehenate) separated and that the 
acids from the other sodium salts were phloionic, 
corticinic, suberiCf suberoliCf and phloionolicj 
the total acid fraction amounting to 28-36% of 
the crude cork. 

When treated with strong nitric acid, cork is 
converted into suberic acid, oxalic acid, and 


other products. It is charred by strong sul¬ 
phuric acid, but is little affected by hydrochloric 
acid. Chlorine, bromine, and iodine cause cork 
to shrink, the two former first bleaching it. 
On ignition it swells and forms a charcoal 
known as Spanish black. 

E G 

CORNISH STONE v. Chtna-Stone. " 

CORN OIL or MAIZE OIL Cereals, 
Maize. 

CORNUITE V. Chrysocolla. 

CORONILLIN, CgaHggOio, [a% -17*6°, 
the glycoside of the seeds of Coronilla scorpioides 
and C. varia, is hydrolysed to glucose and an 
agliicone, Ci^HggOg. It is not attacked by 
emulsin, although split by one of the enzymes in 
Aspergillus niger. The glycoside is very toxic 
and has a moderate cardiac and low diuretic 
action (Tanrct, Compt. rend. 1934, 198, 1637). 

E. E. A. 

COROZO. Vegetable ivory, the seeds of 
the Phytelephas macrocarpa. 

CORROSION OF METALS. General. 
—Corrosion is a (;hcmical process which results 
in the wastage or deterioration of metals, 
and may thus be distinguished from erosion, 
which denotes a wearing away by mechanical 
agencies. Corrosion may occur either as a 
” direct chemical ” or as an “ electrochemical ” 
attack, but these are phases of the same funda¬ 
mental process, the essential feature of which is 
a decrease in the free energy of the system. 
Conditions favouring the first type are more 
often afforded by contact with gases or moisture- 
containing atmospheres, whilst immersion in 
liquids favours the production of electrical 
currents and hence the second type of attack; 
but this is by no means a general rule, and 
the distinction between atmospheric and 
immersed corrosion is usually dictated by other 
factors to be considered later. 

The end product of a corrosion process is 
often a compound which is found in nature as a 
mineral. Thus, copper exposed for many years 
to an inland atmosphere becomes covered with a 
coating of basic sulphate which is similar to 
the mineral hrochantite and iron or steel when 
totally immersed in certain waters and salt 
solutions, yields, after long periods, hard deposits 
of hydrated ferric oxide which closely resemble 
goethite. Corrosion is thus the reversion of a 
metal from a metastable metallic state to a 
stable oxidised state; metals which occur as 
such in nature, e.g. gold, do so because they are 
corroded only by reagents not commonly found 
in nature, or because, as in the case of copper, 
they occur “ native ” in certain strata from 
which oxygen and salt solutions are largely 
excluded. Structurally, corrosion may affect 
a metal in several different ways: (1) The 
changes are confined essentially to the surface, 
on which the corrosion product may either 
accumulate or be removed in solution or other¬ 
wise, leaving a residue of unaltered metal. 
(2) The changes at the surface are accompanied 
by more or less intercrystaUine penetration; 
this “ intercrystalline corrosion ” leads to brittle¬ 
ness or weakness in the underlying metal 
although the bulk of it may have undergone no 
change. (3) The changes are definitely not 
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confined to the surface, but extend throughout 
the mass of the material (“ metasomatic 
change ”). In extreme cases a complete change 
of composition may be effected whilst the 
article retains exactly its external shape. 
Examples are provided by the “ graphitisation ” 
of cast iron and the so-called “ dezincification ” 
of brass, reference to each of which will be made 
later {see “ Corrosion by Sea-water ” p. 381 
and “ Corrosion by Soils,” p. 384). 

Methods for protection against corrosion 
should theoretically exclude entirely all sub¬ 
stances which promote reversion to the stable 
condition. These vary with the metal but 
usually include oxygen, as gas or in solution, 
and w'ater-Holuble substances; these are 
difficult to exclude entirely, and advantage may 
then be taken of the so-called “ self-stilling ” 
processes which are described later. A detailed 
knowledge of the mechanism of corrosion may 
often provide the key to corrosion protection 
processes, and an immense amount of work has 
be^en done to elucidate this mechanism. 

It is convenient to divide the consideration of 
this subject into two parts, one dealing with 
metals wholly or j)artially immersed in li({uids, 
and the other with metals exposed to gas I 


atmospheres from which liquid water may or 
may not be deposited; a justification for this 
procedure is that the factors which control the 
rates of corrosion in the two sets of cionditione 
are in general different. (By “ controlling 
factor ” is understood that factor which, under 
the particular conditions, has the greatest 
influence in restricting the rate of corrosion.) 
For example, it is characteristic of many 
kinds of atmospheric corrosion that oxygen i.s 
present in excess at or close to the metal surface 
and consecpiently the rate of corrosion is usually 
controlled by some factor other than ilie rate of 
oxygen sux)ply, e.g. by the humidity, the presence 
of other gases such as sulphur dioxide, or the 
nature of the initially formed corrosion product; 
on the other hand, when a metal is immersed in a 
salt solution the rate of corrosion is often 
dependent largely upon the rate at which oxygen 
reaches the metal 8urfa<;e or its immediate 
neighbourhood. It is for this reason that 
differences both in composition of the metal 
and also in climate give rise, in general, to much 
greater differences in behaviour on complete 
ex])08ure to the atmosphere than under con¬ 
ditions of complete immersion in the sea. This 
is illustrated in Fig. 1, taken from a i)aper 
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Fig. 1. 


by Robert Hadfield and S. A. Main (J. 
Inst. Civil Eng. 1936, 25) in which the 
authors survey the results of 5-year field tests 
of the Institution of Civil Engineers. It is 
apparent from this diagram that maximum 
differences are exhibited by the aerial tests, 
maximum agreement by the complete immer¬ 
sion tests, whilst the tests representing “ half¬ 
tide ” conditions occupy an intermediate 
position. 

The surfaces of most industrially important 
metals exposed to the atmosphere become 
covered with a film, visible or invisible, which 
may influence subsequent corrosion processes. 
This film is frequently an oxide of the exposed 
metal, and its properties will vary with the metal 
and the conditions of exposure. It may largely 
protect the metal from further reaction, e.g. 
the oxide layer on aluminium which hinders the 
attack of many salt solutions, and the oxide 
layer on copper which appreciably slows down 
atmospheric attack. Of special interest is the 
resistance of the stainless alloy steels to the 
corrosive attack of many atmospheres and 
solutions ; this is probably largely due to the 
protective effect of complex oxide layers 
formed on their surfaces. On ordinary carbon 
steels, however, the oxidised layer has little or 
no protective capacity when the metal is freely 


exposed to attack by the atmosphere, or by salt 
solutions or industrial waters. The films formed 
by exposure to atmospheric conditions may be 
so thin as to be almost or quite invisible, but 
heating the metal surface increases the reaction 
rates and may produce thicker films which show 
interference colours. Still thicker films formed 
on steel, for instance, show inherent colours, 
and may crack and flake away locally during 
cooling and this may cause a localised electro¬ 
chemical attack if the metal is exposed to the 
action of a salt solution. The thick film which 
remains on the metal acts as the cathode of an 
electrolytic cell with the bare metal as anode. 
Then, if there is an ample supply of oxygen to 
the cathode, and the ions in the electrolyte do 
not react to form an insoluble, impervious film at 
either electrode, localised action or pitting may 
occur at the anode. 

Further discussion will now be grouped under 
two headings, dealing with atmospheric and 
immersed conditions respectively, to bo followed 
by rather more specific treatment of corrosion 
in sea-water and in soils. In a survey of this 
kind it is impossible to give complete references 
to original work ; the references in the text 
must therefore be regarded only as general 
guides, and for bibliographical details and more 
extended information the reader is referred 
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to the following works: “ Metallic Corrosion, 
Passivity and Protection,” by C. R. Evans; 
London, Edward Arnold & Co., 1937. “ Corro¬ 
sion, Causes and Prevention,” by Frank N. 
Speller ; New York, McGraw-Hill Book Co., 
2nd ed., 1935. ” Bibliography of Metallic 

Corrosion,” by W. H. J. Vernon; London, 
Edward Arnold & Co., 1928. 

Atmospheric Corrosion. 

It has been mentioned that atmospheric 
corrosion comprises reactions of both the metal- 
gas and the metal-liquid type. By the latter is 
understood any reaction into which water enters, 
but not necessarily one in which the presence of 
liquid is evident to the eye. Investigations 
have shown that in air containing the usual 
traces of impurities it is not necessary for the 
meteorological dew-point to be reached for 
reactions of the second type to occur; the 
appropriate conditions are frerpiently realised 
well below saturation provided a critical 
humidity is exceeded, the precise value of which 
depends on the metal and on other factors. 
Atmospheric corrosion phenomena may be 
considered, therefore, as falling into three 
groups ; (1) The relative humidity is (consistently 
below the critical humidity. (2) The relative 
humidity, cither continuously or periodically, 
rises above the critical humidity. (3) The 
metal is freely exposed to the open air, and is 
thus subject both to rain and to relative 
humidities that vary over the widest possible 
range. Conditions below the critical humidity 
favour, by direct oxidation, the formation of 
invisible oxide films, which may sometimes 
have an important bearing on the subsequent 
course of attack; usually, however, it is the 
mode of breakdown of the film that is of major 
importance and in this respect the common 
metals present varied but characteristic 
features. Both the formation and breakdown of 
primary (invisible) oxide films will therefore be 
considered. 

Formation op Primary (Invisible) Oxide 
Films. —Most metals undergo oxidation on 
exposure to air or oxygen. The j»rocess may 
be regarded as reversible, i.e, M-fO^MO, 
the direction depending upon the pressure of 
atmospheric oxygen. The minimum pressure 
required to send the reaction to the right is, 
however, for base metals excessively low at 
ordinary temperatures and for noble metals 
excessively high; this, in fact, constitutes a 
useful distinction between these classes of 
metals. It is now known that apparently clean 
surfaces of metals are frequently covered with 
invisible films of oxide and the properties of 
these thin films have within recent years been 
studied by gravimetric, optical, photo-electric, 
and electron-diffraction methods. 

The invisible oxide film on copper confers 
marked protection against tarnishing (infra) 
provided that the thickness exeeds a critical 
value which appears to be such that the unit 
lattice of cuprous oxide is completed for the 
whole surface (Vernon, J.C.S. 1926, 2273). 
Rate of oxidation increases rapidly with tem¬ 
perature, the relationship being given by the 


equation d log W/dT= —Q/RT^ where W 
corresponds to corrosion rate (conveniently 
weight-increment after a given time) and T is 
the absolute temperature. This expression, 
which is identical in form with the empirical 
equation of Arrhenius, was developed inde¬ 
pendently by Dunn (Proc. Roy. Soc. 1926, lllA, 
203) from quantum principles for the special 
case of metallic oxidation. For copper, experi¬ 
mental agreement (linear relationship between 
log W and 1/T) has been establislietl from 50° 
to 200° (Vernon, ibid.) and, without change of 
constants, from 250° to 600° (O. F. Hudson et al., 
J. Inst. Metals, 1929, 42, 243). The lower range 
includes the temperatures within which charac¬ 
teristic interference ('‘ temper ”) (colours are 
produced, first, second, and third orders of 
colours being discernible. The relationship 
between oxidation and time throughout both 
ranges of temperature is given consistently by a 
quadratic parabola, as would be expected on the 
view that thickening of the film proceeds by 
lattice difi’usion of oxygen through an env(^lope 
the continuity of wdiich is alw^ays maintained. 
The thinner films have been identifi(^d by 
Darbyshire (Trans. Faraday Soc. 1931, 27, 675), 
using electron-diffraction methods, as consisting 
of cuprous oxide, CUgO; this has a lattice 
structure very similar to that of metallic copper, 
and there can be no doubt that the process is 
one of direct oxidation. At ordinary tempera¬ 
tures, in atmospheres of appreciably high 
relative humidity, the process appears to be 
more complex and it is probable that hydroxide 
enters into the composition of the film. 

For aluminium and for lead, oxidation-time 
curves show an extremely protective type of 
film; exponential in form in the early stages, 
the curves rapidly flatten towards the time axis, 
with which they become nearly paralkd in about 
10 days, the estimated thickness of film then 
being about 10"® cm. Preston and Bircumshaw 
(Phil. Mag. 1936, 22, 654) have shown by 
electron diffraction that the oxide film on 
aluminium at room temperature is amorphous 
and that crystallisation does not commence until 
the temperature reaches 680°. Zinc is remark¬ 
able inasmuch as in ordinary air (free from local 
pollution but containing the usual traces of 
impurities) oxidation follow's a linear relation¬ 
ship with time. The interpretation of this is not 
altogether clear, but is probably associated with 
the breakdown and repair of the primary film. 
The main film is granular in structure and does 
not show interference colours ; access of atmo¬ 
sphere to the metal must be assumed to take 
place through relatively wide interstices in the 
film instead of by diffusion through a con¬ 
tinuous envelope (Vernon, Trans. Faraday Soc. 
1927, 28, 159). 

The formation of the invisible oxide film on 
iron presents a number of distinctive features. 
It was formerly thought that in the absence of 
factors that give rise to rusting the oxide film 
at ordinary temperatures ceases to thicken, 
whilst still extremely thin, almost immediately 
after formation. It has, however, been shown 
(Vernon, Trans. Faraday Soc. 1936, 81, 1668) 
that growth of film proceeds continuously, 
although on ordinary massive metal inter- 
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ferenco colours do not develop unless the 
temperature rises above a critical value of very 
nearly 200°. Below this temperature the 
film takes on a brownish appearance which, 
beyond darkening, undergoes no further change 
on prolonged exposure. At higher temperatures 
the lirst brown or “ straw ” colour progresses 
continuously through the familiar sequence of 
“ temper colours.” Relationship of oxidation 
with temperature follows the equation 

dlogW/dT--Q/KT2 

above and below the critical temperature, 
at which there is a change of constants resulting 
in an increased slo{)e of the log W — l/T curve at 
the higher tcunperatures. The oxidation-time 
(lurvt^s are Cjuadrati<! parabolas above 200°, 
but ht'low this temperature they are modified 
considerably and correspond approximately 
with the empirical e(piation Kf. Electron 

diffraction evidence lias (‘onfirmed that these 
chang(\s are associated with a change in the 
structure of the primary film, i.e. yFegOg 
below and aFe^Og above 200° (Preston and 
Bircumshaw, V'ernon, ibid. 1677). AVc also 
H. R. Nelson, “ The Primary Oxide Film on 
Iron,” d. (Fern. Physics, ]<X\7\ 5, 262. 

Some of the primary oxide films may be 
removed from the metal by suitable strijiping 
processes. I’lie oxide film produc(?d on alumin¬ 
ium by heating in air was isolated (8eligmari and 
Williams, ,1. Inst. Metals, 1020, 23, 169) by 
dissolving away unoxidised nu'tal in hot nitric 
acid, and that on ordinary unheated aluminium 
(Withey and Millar, J.S.C.J. 1926, 173T) 

by volatilising the metal as chloride in a 
stream of dry hydrogen chloride; a similar 
method was used (Sutton and Willstrop, J. 
Inst. Metals, 1027, 38, 260) for isolating the 
film fromanodically-oxidised aluminium. Evans 
(d.C.8. 1927, 1020, Evans and StO(*kdaIc, ibid., 
1929, 2661, isolated oxide films from iron 
and steel by the action of a saturated 
solution of iotline in 10% aqueous potassium 
iodide, or by anodic attacL of the iron in a 
solution of sodium chloride ; the films obtained 
were either fragnumtary or complete according 
to the teinjx'rature and time of previous 
ex])osure. 

Thin oxide films on iron have been studied 
speetro])hotometrically by Constable (Proc. 
Roy. Soe. 1927, 115, A, 570; 1928, 117, 376), 
optically l)y Tronstad (Trans. Faraday Soe. 
1934, 30, 362) using a special technique (reported 
in a long series of papers) depending on the 
change in properties of a beam of polarised 
light after reOection at the metal surface, and 
eleetrometrieally by Milcy (Carnegie Sehol. 
Mem., Iron and Steel Inst. 1936, 25, 197) who 
measured the milli-coulombs of electricity 
required to reduce the film. Valuable contribu¬ 
tions have been made by ea(rh of these methods, 
but the thickness of the film cannot yet be 
stated with certainty and this branch of the 
subject is in active development. 

HioH-TEMrEBATURK OXIDATION. —The pro¬ 
perties of oxide films or “ scales ” formed at 
temperatures higher than those hitherto con¬ 
sidered become of importance in many industrial 
operations. Pilling and Bedworth (J. Inst. 
VoL. III.—24 


Metals, 1923, 29, 529) found that the ordinary 
metals could be grouped in two divisions 
according to the relation between the densities 
of the metal and the (jorresponding oxide. 
Thus, if the oxide cxicupies a grciater volume 
than the metal from which it is produced, 
then the film or scale is under a lateral com¬ 
pression which maintains it in a compact and 
hence protective condition (neglecting possible 
cracking whiidi may occur under certain con¬ 
ditions), whereas if the oxide occupiet- a smaller 
volume its more attenuated condition deprives 
it of protective value. The first group is repre¬ 
sented by most of the heavier metals, typically 
copper, iron and nickel, the second group by 
certain of the light metals, typically calcium 
and magnesium. A further corollary of the con¬ 
tinuous nature of the film in the first group is 
the appearance of interference colours at 
ajipropriate thicknesses and also the quadratic 
relationship between film thickness and time. 
The latter follows bei^ause the rate of diflusion 
through the continuous envelope is inversely 
proportional to the thickness nniched, i.e. 
dW//dt = k^/\Wy or - 2^qFf K, where W repre¬ 

sents thickness of film in time t, and K is 
negligible over a wide range of temperature. 
On the other hand, films of the second group 
are characterised by absence of interference 
colours and by a linear ndationship between 
film thiekne.ss and time, i.e. W—k^t. Aluminium 
behaves anomalously for a light metal, because 
its oxide/rnetal density ratio places it in the 
first group and its oxide film is in fact extra¬ 
ordinarily prot(H‘tive. On the other hand, it 
neither exhibits interferenc(‘ colours nor is its 
oxidation/time (‘urve a quadratic jiarabola; 
actually the deviation is in the direction of a 
cessation of oxidation, the expL'ination of which 
is still not altogether clear, although it is 
obviously associated with some special jiroperty 
of the alumina film. Preston and Bircumshaw 
{l.c.) showed that the vitreous film formed at 
lower temperatures crystallises slowly when 
heated at 680° to form yAlgOg. In the i!ase 
of iron the constitution of the scale becomes 
more comjilex at higher temperatures. Pfeil 
(J. Iron and Steel Inst. 1929, 119, 601) has 
identified three distimd. layers, of which the 
outside layer is lowest and the innermost 
layer the highest in iron. Rfeil concludes that 
the oxidation of iron at these temperatures does 
not pro<?ecd by the simple “ one-way ” diffusion 
of oxygen through the scale to the metal, but 
by a “ countercurrent diffusion ” in which 
iron also passes outwards through the scale 
layer. Pfeil points out that this mechanism 
does not preclude a parabolic relationship 
between time and oxidation (Portevin, Pr6tet 
and Jolivet, infra, found the parabolic law to 
hold good for pure iron at 825°, 950°, and 1,000°), 
but it serves to explain a number of peculiarities 
in the scaling of iron and iron-rich alloys. 
The work of Wagner (Z. physikal. Chem. 1933, 
39, 328; 1934, <fi), 521) suggests that a similar 
mechanism may apply in the case of other oxide 
and tarnish films {see also L. E. Price, Chem. 
and Ind. 1937, 56, 769, Hoar and Price, Trans. 
Faraday Soc., 1938, 34, 867). 

Relationship with temperature follows in 
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general the equation already given for lovr 
temperature films (supra), i.e. 

d log W/dT=--Q/RT2. 

(In the case of iron the break in the log W—1/T 
curve at 200° may be conveniently regarded as 
dividing “ low temperature ” and “ high 
temperature ” oxidation.) The uniformity of 
this relationship is dependent upon the atmo¬ 
sphere remaining unpolluted. For example, 
minute traces of hydrochloric acid have an 
extraordinarily marked stimulative effect upon 
oxidation rate at aU temperatures, the 
mechanism being probably catalytic in character 
(0. F. Hudson, Herbert, Ball and Bucknall, 
J. Inst. Metals, 1929, 42, 221). Substances such 
as carbon dioxide and steam which are neutral 
at lower temperatures become actively oxidising 
towards iron and steel at high temperatures, 
whilst a small amount of sulphur dioxide may 
profoundly increase the rate of oxidation. The 
influence of furnace gases containing these 
substances has been investigated by J. W. Cobb 
and collaborators, W. H. Hatfield, C. Upthe- 
grove, and other w'orkers (see “ Review of 
Oxidation and Scaling of Heated Sohd Metals,” 
H.M.S.O., London, 1935). 

The problem of heat-treating iron and steel 
work in neutral atmospheres (“ close annealing ”) 
with the object of avoiding subsequent 
“ pickling ” for the removal of scales has 
received much attention industrially, and various 
suitable types of furnace are now available. 
The difficulty of this problem arises from the 
extremely low pressure of oxygen or other 
oxidising gases that is needed for oxidation to 
occur and the difficxilty obviously increases con¬ 
siderably with rise of temperature. ^ 

Alloys for resisting oxidation at high tempera-' 
tures most frequently have iron, nickel or (for 
the lower limits) copper as the basis metal wdth 
additions, most usually, of cliromium or 
aluminium. These metals have a remarkable 
influence on the oxidation/time relationship, 
the normal parabolic curve being depressed 
towards the time axis. This efect, which 
becomes more marked with increasing alloy 
additions, has been shown for alumim'um on 
brass by Dunn (J. Inst. Metals, 1931, 46, 42), 
and for aluminium and chromium on iron by 
Portevin, Pr^tet and Jolivet (Rev. Met. 1934, 
81, 186). For further information on this subject 
the D.S.I.R. “ Review of Oxidation and Scaling ” 
(supra) should be consulted. 

“ Taenishino,” “ Fogging,” Rusting 
(Beeakdown of Peimaey Oxide Films).— 
On exposure of metals at ordinary temperatures, 
under sheltered conditions, other phenomena | 
besides the formation of oxide films usually 
intervene. The typical cases of copper (with zinc 
and brass), nickel and iron will be considered. 

The characteristic feature of copper at low 
relative humidities is its susceptibility to tarnish¬ 
ing by extraordinarily minute traces of sulphur 
compounds, corresponding in their effects to 
hydrogen sulphide although their precise nature 
is uncertain. The reaction is t3rpically of the 
metal-gas type; it is greatly facilitated by rise 
of temperature, and is hindered by the presence 
of thin films of moisture. The characteristic 


I colours are generally beheved to be due to the 
interference of light in a continuous transparent 
film. Although homogeneous physically, this 
I is composed of a mixture of cuprous oxide and 
cuprous sulphide (extremely similar in lattice 
structure) with a large preponderance of 
cuprous oxide. The curve connecting thickness 
of tarnish film with time is essentially a quad¬ 
ratic parabola; when once started this develops 
with remarkable regularity and is quite un¬ 
affected by wide fluctuations in the degree of 
atmospheric pollution. In other words, the rate 
constant is dictated by properties of the initially 
formed film, which in turn depends on the con¬ 
ditions of atmospheric pollution which prevailed 
when the clean specimen was first exposed. An 
extreme case is presented when at the outset the air 
is pure or nearly pure—a condition that may be 
realised during summer months in the absence of 
local pollution. Exposure for a sufficient time 
then produces an invisible film of oxide which 
confers immunity from tarnishing on subsequent 
exposure to atmospheres containing the usual 
content of reactive sulphur. A similar effect is 
produced by preheating in air, when the 
minimum thickness required for protection 
(supra) is obtained by an hour’s exposure at 
75°. The film of oxide serves effectively to 
keep sulphur atoms out ; on the other hand, a 
thin film of sulphide, by facilitating entry of 
both sulphur and oxygen atoms, increases the 
rate of subsequent tarnishing. The parabolic 
oxidation/time curve of copper, the continuous 
film of reaction product, and the characteristic 
interference colours are in marked contrast to 
the linear relationship given by zinc, the 
granular nature of the reaction product, and the 
absence of interference colours. The behaviour 
of brass is intermediate between that of copper 
and of zinc, the oxidation/time curve being 
compounded of the parabola and the straight 
line. The microstructure of tarnished 60-40 
brass shows that the alpha (copper-rich) 
constituent behaves similarly to copper, giving 
a continuous tarnish film, whilst the beta 
(zinc-rich) constituent shows the discontinuous 
(granular) structure that characterises the film 
on zinc (Vernon, Trans. Faraday Soc. 1924, 19, 
886; 1927,23,159). 

The tarnishing of silver by sulphides is 
dependent on the presence of oxygen (Hahn, 
Z. anorg. Chem. 1917, 99, 118). The loss of 
reflectivity of silver and silver alloys in indoor 
atmospheres is also greatly dependent on the 
surface condition (Vernon, 1924, ibid.). Reflec¬ 
tivity methods for following the tarnishing of 
copper, silver and nickel alloys have been 
developed by Ken worthy and Waldram (J. 
Inst. Metals, 1934, 66, 247) and W. P. Digby 
(J. Roy. Meteorol. Soc., 1937, 63, 163). The 
reaction, 3SO2 S-f-2S03, which is stimulated 
by light (Konstantinova-Schlezinger, J. Phys. 
Chem. (U.S.S.R.), 1936, 6, 601) may play a part 
in tarnishing processes, since silver and copper 
are known to be susceptible to attack by 
elemental sulphur at ordinary temperatures 
and the main sulphur-containing impurity in 
air is normally sulphur dioxide. Light also 
stimulates appreciably the “ fogging ” of 
nickel (infra). 
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In the processes so far considered, rate of 
attack is controlled mainly by properties of 
surface films. Nickel provides an example in 
which relative humidity becomes a controlling 
factor (Vernon, J. Inst. Metals, 1932, 48, 121). 
In indoor atmospheres the polished surface 
frequently takes on a creamy-white film, a 
phenomenon conveniently described as 
“ fogging.” Hero the mechanism is entirely 
different from that of tarnishing. First, the 
action depends on the presence of traces of 
sulphur dioxide as distinct from hydrogen 
sulphide {supra). But whereas the tarnishing 
effects of traces of hydrogen sulphide are 
displayed characteristically at low relative 
humidities, the corrosive effects of sulphur 
dioxide come effectively into operation only 
when the humidity exceeds a critical value in 
the neighbourhood of 70%. Thus, a polished 
surface of nickel either retains its brightness 
indefinitely or rapidly assumes a creamy film 
according as the relative humidity remains 
below or rises above the critical value. The 
initial mechanism most probably consists in the 
catalytic oxidation of atmospheric sulphur 
dioxide at the metal surface and the reaction 
of sulphur trioxide with water to give sulphuric 
acid. In the early stages the film contains free 
sulphuric acid and may be removed simply by 
wiping with a cloth; later it passes into a 
basic sulphate which cannot be removed without 
abrasion of the underlying metal. A similar 
process takes place with copper, but the magni¬ 
tudes involved are of entirely different orders. 
With copper a definite concentration of sulphur 
dioxide has been recognised (approximately 
0-9%), which must be exceeded for free sulphuric 
acid to appear; with nickel, this minimum 
concentration, although unknown, is excessively 
low and falls well within the amounts normally 
present in the atmosphere. Thus, under 
ordinary conditions, above the critical humidity, 
the influence of sulphur dioxide is very marked 
on nickel, but trifling on copper, whilst below 
the critical humidity the influence of hydrogen 
sulphide is marked on copper and (within 
ordinary atmospheric limits) negligible on 
nickel. Copper-nickel alloys, therefore, may 
show either one effect or the other, falling off in 
intensity either from the copper or the nickel 
end of the series, according to the relative 
humidity of the atmosphere. 

The rusting of iron presents a number of 
points of contrast with each of the foregoing 
processes and constitutes a well-defined third 
type of attack. It is commonly stated that 
“ iron does not rust above the dew-point,” 
but this is erroneous for most conditions. 
For example, in an ordinary room atmosphere 
the relative humidity of which is kept at a 
low value by artificial moans, an initially clean 
surface may undergo very considerable rusting. 
A distinguishing feature is that the attack 
commences at isolated, sporadically distributed 
centres; even at a relatively advanced stage 
the discontinuous nature of the rust can be 
detected with the aid of a lens. Two further 
oints must be observed. (1) If, after the iron 
as been allowed to rust in the manner described, 
the relative humidity is increased to a high 


value (but still short of saturation) the rate of 
rusting increases enormously. (2) If the 
initially clean specimen is screened behind a 
single thickness of muslin (in form of a “ cage ”) 
so as to intercept suspended particles, rusting 
does not occur and the original bright surface is 
maintained (Vernon, Trans. Faraday Soc. 1927, 
28, 159). It follows from (1) that critical 
humidity phenomena in the case of iron have a 
special significance, and from (2) that iron 
is extraordinarily susceptible to the influence of 
suspended (disperse) particles of solid or liquid 
matter in the atmosphere. The screened 
condition is favourable for the development of 
the primary invisible oxide film already dis¬ 
cussed, and if a specimen has been so exposed for 
a sufficient length of time, it enjoys a certain 
degree of immunity from rusting on subsequent 
normal exposure. After a considerable time-lag 
as compared with a freshly-cleaned specimen, 
the primary film breaks down and rusting 
proceeds in the usual discontinuous manner. 

The influence of both gaseous and solid 
pollution on the rusting of iron in relation 
to the relative humidity of the atmosphere has 
been studied {ibid. 1935, 31, 1678) by experi¬ 
ments in which humidity was increased in stops 
from zero at the start to a maximum of 99%. 
The following conclusions are based on these 
experiments. A similar series of changes 
occurs either on initially clean specimens in 
atmospheres containing traces of sulphur dioxide, 
or on specimens initially ” inoculated ” with 
traces of various substances in an otherwise 
pure atmosphere. In either case primary and 
secondary critical humidities are exhibited 
(Fig. 2). The former, which occurs at 50 to 
60% R.H., marks the point at which breakdown 
of the primary film occurs and attack on the 
metal commences. The surface becomes 
gradually covered with a very fine ‘‘ rust,” 
beginning at isolated centres, but even prolonged 
exposure fails to produce severe corrosion; 
the rust that is formed, however, is in a peculiar 
physical condition and is potentially extremely 
active. Thus, at the secondary critical humidity 
(approximately 80% R.H.) a relatively enormous 
increase in corrosion occurs, with the production 
of ordinary red rust. This greatly increased 
attack is due entirely to properties of the 
primary rust, for it proceeds just as rapidly if 
sulphur dioxide (when this is the initiating 
cause) is completely removed from the system 
just before the critical humidity is reached. 
The first critical point is associated with 
optimum atmospheric conditions for the com¬ 
mencement of rusting. The second point must 
be associated with certain physical properties of 
the initially formed rust; it is explained by 
Patterson and Hebbs (Trans. Faraday Soc. 
1931, 27, 277) on the basis of Zsigmondy’s 
theory of gel structure. At the lower humidities 
water is held closely within the capillaries of the 
gel (the primary rust) and there is a state of 
mutual compression between rust and water; 
at the secondary critical humidity the capillaries 
are filled, the state of compression is released, 
and water is free to pass from the surface of 
the rust to the surface of the metal. As a 
matter of practical interest it may be observed 
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that the phenomenal increase in attack at this present in urban atmospheres. These several 
point probably contributes materially to the points are illustrated by the curves in Fig. 2. 


removal of a protective coating, when, through 
porosity, rusting once occurs beneath it. 

Particles of solid matt('r which commonly 
enter into atmospheric pollution fall, from the 
corrosion standpoint, into three groups: (a) 

intrijisically active (dissociating mineral salts) 
such as ammonium sulphate in the neighbour¬ 
hood of towns or sodium chloride near the sea; 
(b) intrinsically neutral but capable of adsorbing 
active gases from the atmosphere, e.ff. various 
forms of amorphous carbon; (r) intrinsically 
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neutral with negligible capacity for adsorption, 
such as crystalline silica. Only particles of the 
first ttvo types are important in atmospheric 
corrosion. With the first, the combined presence 
of traces of sulphur dioxide in the atmosphere 
and particles at the metal surface produces 
effects at the secondary critical humidity that are 
almost exactly additive. When, however, the 
particles are capable of adsorbing sulphur 
dioxide and so increasing its local concentration 
at the metal surface, the effect is more than 
additive ; for example, charcoal particles have a 
relatively enormous stimulative influence in the 
presence of traces of sulphur dioxide. Doubtless 
a similar effect is produced under service 
conditions by carbonaceous particles normally 


The influence of carbon dioxide on the 
atmospheric corrosion of iron has in the past 
been regarded as of considerable imf)ortance. 
According to the old ‘‘ acid theory,” a trace of 
carbon dioxide permits unlimited attjnk for 
the reason that the first-formed product, 
assumed to be ferrous bicarbonate, hydrolyses 
to give ferric hydroxide, with li])eration of 
carbon dioxide, whereby a further ecpiivalent 
quantity of iron is attacked. Investigation 
(Trans. Faraday 8oc. 1935, 31, 1093; .src aLs'o 
Froc.Chem. Eng. Group, 1937,19, 19) has, 

however, shown this view to be untenable. So 
far from stimulating the corrosion of iron, carbon 
dioxide, at concentrations in the neigh}>ourho()<l 
of and also considerably higher than the 
normal atmospheric content, has a marked 
repressive effect at ordinary temi>eratures. 
This has been shown for Ji variety of conditions, 
both “ supersaturated ” and unsaturated, and 
iru^Iuding the cast!! where traces of suljdmr 
dioxide (by which the attack is initiated) 
remain in the system. The effect a})pears to 1)0 
directed towards the supi)ressi()n of the (‘xtra- 
ordinary change at the secondary critical 
humidity. J^^or most conditions the corrosion 
actually observed must depend on the balance 
betwaaui carbon dioxide and sulphur dioxide in 
the atmosphere. The inlluenco of carbon 
dioxide on the corrosion of c/wr, particularly 
under “ supersaturated ” conditior>s, is in 
marked contnast. in the absence of sulphur 
dioxide the eft’ect is reprc'ssive, as for iron, 
although not to such a marked degree; when, 
however, sulphur dioxide is already present the 
addition of carbon dioxide stimulates further 
corrosion. 

Open-Aih CoKROSiON. —Many of the fore¬ 
going remarks apply equally to indoor and to 
op€m-air corrosion, except in so far as the latter 
is affected by rain. The influence of this 
factor is not necessarily adverse; it may even 
be favourable if it removes a corrosion product 
that is acid or hygroscoj)ic in character, as wdth 
nickel, or if rain is able to assist in the develop¬ 
ment of a product having protective (pialities, 
as with copper. On the other hand, the rate of 
attack may bo increased by the breaktlown or 
removal of an otherwise protective coating. 

In this country rain invariably carries dissolved 
sulphates; sulphur dioxide in slight traces is 
also widely disseminated and may be regarded 
as a normal atmospheric constituent. (Roth 
solid and gaseous pollution arc maximal in 
winter and minimal in summer.) The primary 
constituent of atmospheric corrosion products 
is in consequence usually the normal metallic 
sulphate which, by hydrolysis* may yield either 
hydroxides or basic sulphates, or in some cases 
carbonates through contact with carbon dioxide. 
Near the seaboard, chlorides or basic chlorides 
may predominate unless a town is near. It is 
evident that the attack on the metal may 
involve either the removal of a soluble salt or 
the assimilation of an insoluble deposit. To 
denote such processes as these Friend has 
proposed the terms “ erosion ” and “ surrosion ’* 
(Fr. 8ur, on). By erosion is usually understood 
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the removal of a metal entirely by mechanical, 
as distinct from chemi(;al, processes. Neverthe¬ 
less, in atmospheric corrosion some distinction is 
useful because frec|uently the two ju’ocesses take 
j)lace simultaneously, and h(m(;e the ultimate 
chang(‘ in weight of the specimen or structure 
is the rt^sultant effect of the two. The cndiirancje 
of a metal may thus depend on its ability to 
d('velop a covering, hi inland atmospheres, of 
basil; sulphate, or in marine atmospheres of basic 
chloride. 

The green patina on copper, the corrosion 
product after exposure (in this country) of some 
10 to 20 years, was formc^rly thought to consist 
of basic copper carbonate and was attributed 
to the action of carbon dioxide as jiresent in 
unpolluted air. Analyses of tyjiical patinas 
show that in inland districts the yiroduct 
consists essentially of basic eopjier sulphate, 
associat(‘d with a minor proportion of basic 
carbonates the latteu’ being higliest in town and 
least (typically 2-7.5%) in country samples 
(Vernon and Whitby, J. Just. Metals, 1929, 42, 
181 ; 1930, 44, 389; Vernon, ibid. 1933, 52. 
93; J.C.S. 1934, 1853). Neair the seaboard 
the sulyihate ion in the patina is n^placed by 
more or less chloride, but when urban and 
marine conditions coincide basic sulphate greatly 
jiredominates over basic chloride. In all cases 
the patina contains a certain amount of ex¬ 
traneous wind-borne material. Basic copper 
carbonate is thus accessory either to basic sul¬ 
phate or basic chloride and is most probaVdy 
formiMl by partial hydrolysis of the initially- 
formed characteristic salt in the presence of 
carbon dioxide. Copper is not converted to 
green basic (;arbonatc, as usually supposed, 
meri'ly by exyiosure to moist air containing 
carbon dioxide ; either the metal must be 
comj)letcly immersed in the aqueous solution or 
the attack must bo initiated in some other 
way. Small amounts of organic carboxylic 
acids are particularly active in facilitating the 
formation of s{*condary basic carbonate and are 
probably largely responsible for the relatively 
liigh jiroportion of basic carbonate in urban 
sampli's. In districts sufficiently remote from 
both town and sea (a condition not realised in 
this country) the green patina does not appear. 

The. formuhe to be ascribed to the basic salts 
in the cojiper patina depend on the period of 
exposure, maximum basicity being reaiffied only 
after about 70 years. In the case of ba.sic 
sulphate and basic chloriile 1 molecule of the 
normal salt is then associated with 3 mole¬ 
cules of copper hydroxide. The formulaj thus 
correspond with the co-ordination compounds, 
[Cu{( 0 H) 2 Cu} 3 lS 04 and [CuKOHlgCulaJCIg 
each of which is represented in nature by a 
mineral, brochantite and ataoamito respec¬ 
tively. Associated basic carbonate has a 
limiting basicity of only 1: 1, as in the mineral 
malachite, CuCOg-Cu (OHl^. Younger pro¬ 
ducts contain higher proportions of normal salt, 
considerable amounts of which (sulphate or 
chloride) are leached out in the early stages by 
the action of rain; it is this process wdiich 
gives rise to the familiar disfiguration of stone¬ 
work underlying copper or bronze structures. 
On the other hand, the green basic salt, long 


before its final basicity is reached, is insoluble 
in water, and affords protection to the metal. 
This accounts for the longevity of copper roofs 
and suchlike, of which there are many notable 
examjiles. There is, however, some evidence 
that an underlying thin film of cuprous oxide 
may play a part in the prote(;tion. Arsenic is a 
usual constituent of these old roofs, and this 
elcimnt has bem found to reduce the corrosion 
of copper sheet in the comparatively early 
stages. 

An important directional effect, associated 
with the influence of prevailing winds, should 
be noted. Many cojjjier structures have the 
green patina diwelojied more perfectly on the 
windward side, particularly if this is directed 
towards a, distant town or towards the sea. A 
similar principle will obviously apply to other 
metals in which the ('orrosion produid is not of 
the proteidivo type, with less desirable effects. 

The tendency to build up a protective, 
insoluble coating on exposure to the open air, 
very strong in the; case of copper wdien once 
the early stages have been passed, is usually 
negligible for ordinary iron and steel. (This 
statement refers to conditions in this and other 
industrial countries; but cases are on record 
where solid and gaseous pollution have bt'en 
sufficiently Ioav to })crmit the formation of a 
protective ijoating in the course of long (;x])osure.) 
Under sheltered conditions, di'pcnding largely 
on meteorological and pollution faiitors, the 
first-formed rust may actually accentuate 
subsequent corrosion, lender coiulitions, how¬ 
ever, such that from the outset the air is almost 
continuously saturated with moisture, an 
approximately linear relationship with time 
is followed when once the s]iecimcn is covered 
with rust. Similarly, on prolonged exposure to 
the open air, the initial effect observed under 
less drastic conditions forms only a small part 
of the total corrosion, and again an approxi¬ 
mately linear relationship betw'een corrosion 
and time is followed, the total corrosion being 
roughly directly proportional to the total 
amount of pollution that reaches tlie specimen. 
The atmosjiheric conditions prevailing in the 
very early stages of exposure exert, how'cvcr, 
a very great influence in determining the 
subsequent rate of attack. The importance of 
this factor in tarnishing has been mentioned. 
In open-air corrosion it was demonstrated by 
J. C. Hudson (Trans. Faraday 8oc. 1929, 23, 
177, 475) for a series of non-ferrous metals 
which yielded the following nu^an relative 
values: summer, 100; autumn, 187; winter, 
261 ; spring, 1.54. Similar seasonal effects for 
ferrous materials have been reported by 
Schramm and Taylerson in the United States 
(1934, infra), while Baeves in Germany (Natur- 
wdss. 1935, 23, 655) has observed marked 
differences in country and towui atmospheres. 
G. Schikorr (Z. Elektrochem. 1936, 42, 107) 
reported on two parallel series of field tests 
carried out in Berlin and in the Gnmew'ald, 

7 km. distant. Fresh specimens of iron w'cre 
exposed month by month and rate of rusting 
correlated with meteorological data; hygro- 
metric conditions were very similar, relative 
humidity in each case being maximal in winter 
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and minimal in summer. In the purer atmo¬ 
spheres the fluctuations in relative humidity 
produced comparatively little efleot on rusting, 
but in the city there was a marked degree of 
parallelism between the monthly corrosion 
values and the means of the monthly humidity 
readings. These results are in harmony with 
laboratory work which shows that increase of 
relative humidity, up to saturation, has either 
a negligible or a profound effect according as 
gaseous or solid pollution is absent or present. 

The influence of climatic conditions has been 
investigated for marine atmospheres in long- 
period field tests of the Institution of Civil 
Engineers (specimens of various irons and 
steels exposed at Halifax, Auckland, Plymouth 
and Colombo) the results of which have been 
described by J. Newton Friend in a series of 
reports; the 10-year tests were the last to be 
described in detail (“ Deterioration of Structures 
Exposed to Action of Sea-Water,” XVth Rep., 
Inst. Civ. Eng. London, 1936)1 

representing up to 16 years’ exposure. They 
have been surveyed generally by Robert) 
Hadfield and S. A. Main (1936, /.c.). Climatic 
conditions are also in course of investigation 
in a comprehensive series of field tests estab¬ 
lished by the Corrosion Committee of the 
Iron and Steel Institute and the British Iron 
and Steel Federation, under the chairmanship 
of W. H. Hatfield. These tests, which are 
conducted at fourteen stations distributed in 
various parts of the world, have been described 
in detailed reports by J. C. Hudson {e.g, Vth 
Rep. CoiT. Ctte., Iron and Steel Inst., 1938). 

The accompanying data (Table I) are taken 
from a table given by Hudson (1937, infra). 


Table I. 

Rates of Corbosion of Ingot Iron and Zinc. 


Station. 

Years’ 

expo¬ 

sure. 

Hate of corro¬ 
sion (10—® In. 
per year). 

Ratio. 

Iron. 

Zinc. 

Khartoum . 

1 

42 

21 

20 

Khartoum . 

6 

18 

8 

2-3 

Abisko, N. Sweden 

1 

172 

26 

6-6 

Aro, Nigeria 

1 

449 

63 

8-5 

Basrah, Iraq 

1 

459 

38 

121 

Singapore . 

1 

610 

44 

13-9 

Apapa, Nigeria. 

1 

816 

45 

181 

Eedcar .... 

6 

1,590 

(534) 

(3-0) 

Famborough . 

5 

1,840 

89 

20-7 

Llanwrtyd Wells . 

1 

2,100 

118 

17-8 

Calshot .... 

1 

2,450 

133 

18-4 

South Africa 

1 

2,620 

174 

161 

Motherwell . 

1 

3,300 

185 

17*8 

Woolwich . 

1 

3,690 

149 I 

24-8 

Woolwich . 

6 

2,690 

164 1 

16*4 

SheflSeld 

1 

4,390 

679 1 

7*6 

Sheffield University 

1 

6,040 

300 

16*8 


In the Fifth Report (supra) Hudson states 
that the results so far obtained do not indicate a 
marked difference in the corrosion rates of mild 
steel and ingot iron. The addition of 0-2~0*6% 


copper reduces corrosion by about 30%, and the 
joint addition of approximately 0-5% of both 
copper and chromium by about 40 or 60%. 
The influence of alloying with larger amounts of 
chromium, etc., is discussed under “ corrosion- 
resistant alloys ” (p. 388). Structural and 

extraneous factors must bo bonie in mind, 
particularly with respect to the incidence of 
wind and rain; this aspect has been emphasised 
by Liddiard (Proc. Chem. Eng. Group Soc. 
Chem. Ind. 1937). Crevices, where water can be 
retained after the rest of the structure is dry, 
are particularly liable to become centres of 
corrosion, likewise any place which receives 
excessive impingement of rain falling from a 
relatively large catchment area. Contact with 
non-ferrous metals should generally bo avoided 
on account of the danger of enhanced electro¬ 
chemical attack, with rain-water as elec¬ 
trolyte. 

Of other metals commonly exposed to the 
atmosphere, lead, wLich shares with copper a 
wide application for roofing purposes, also 
resembles copper in develoj)ing a protective 
coating (probably mainly of sulphate) in 
industrial atmospheres and so assuring itself of 
of extreme longevity. In comparison with 
copper, however, it suflers eesthetically owing to 
the absence of any pleasing patina. Contact with 
new wood (particularly oak), Hkewiso contact 
with mortar or cement, should be avoided, or else 
severe corrosion cither from organic acids 
from the wood, or alkali from the cement may 
result. 

Zinc is also used successfully for roofing, but 
much more frequently (e.g. galvanised iron) as a 
protective covering for iron, over which it has 
great superiority under most conditions of 
atmospheric exposure (supra). An acid type of 
atmosphere is the least favourable. 

Aluminium, unalloyed, is resistant to town 
atmospheres (a good example of its durability 
is afforded by the Eros statue in Piccadilly 
Circus, London), but the magnesium-aluminium 
alloy, containing from 2 to 6% magnesium, is 
advantageous, particularly with respect to the 
less rapid deterioration of the polished surface. 
Alloys of the duralumin type are liable to 
severe corrosion both in industrial and marine 
atmospheres, but this may be largely overcome 
by previous “ anodic oxidation ” whereby the 
thickness of the natural oxide film is substantially 
increased. 

Magnesium is noteworthy inasmuch as carbon 
dioxide enters definitely into the corrosion 
reaction (Whitby, Trans. Faraday Soc. 1933, 29, 
844), for which there is a critical humidity, and 
carbonate normally predominates over sulphate 
in the (hydrated) product. Although this 
product has no protective qualities, the rate of 
corrosion, in the absence of alkali chlorides, is not 
so great as is commonly supposed. The fore¬ 
going metals and their alloys are also discussed 
under a later heading (p. 388). 

Reference may be made to the following 
symposia on atmospheric corrosion in which 
many phases of the subject were discussed, 
i.e. in 1934 (Proc. Amer. Soc. Testing Materials) 
and in 1937 (Proc. Chem. Eng. Group, Soc. 
Chem. Ind.). 




CORROSION 

Corrosion in Immersed Conditions. 

Although the corrosion of metals immersed in 
acids, salt solutions, or industrial waters 
frequently follows an electrochemical course 
and is proportional to current flow as shown by 
Evans and Hoar (Proc. Roy. Soc. 1932, 137, A, 
355), it is not necessarily so in all conditions. 
Patten (J. Physical Chera. 1903, 7, 153) has 
shown that hydrogen chloride dissolved in dry 
chloroform attacks zinc vigorously in spite of 
the fact that the chloroform has an extremely 
low conductivity, and experiments have shown 
that the corrosion of steel in “ conductivity ” 
water and dilute salt solutions of specially high 
electrical resistance must necessarily be largely 
independent of current flow between attacked 
and unattacked areas. When the action is 
electrochemical a largo number of factors may 
influence both the rate and distribution of 
corrosion. A particularly interesting question is : 
What are the factors which divide up the metal 
surface into areas that are anodic (relatively 
attacked) and cathodic (relatively protected) ? 
Answers that have been given are (1) physical 
differences in the metal resulting from the 
mechanical preparation of the surface, (2) dis¬ 
continuities or points of “ weakness ” in the 
air-formed film which overlies the metal, 
particularly emphasised by U. R. Evans, (3) the 
presence of different phases within the metal 
surface, (4) differences of concentration of 
oxygen, and of ions in solution close to the 
metal surface, (5) discontinuities such as 
crystal junctions. It seems probable that only 
slight differences are required initially to 
difierontiato the metal surface sufficiently to 
start corrosion. Subsequently, the unequal 
distribution and the properties of the reaction 
products may bo more important factors in 
deciding the distribution of anodic and cathodic 
zones, and this matter is discussed in more 
detail later. The nature of the corrosion 
products may also decide the rate of corrosion; 
in extreme cases this rate may be either reduced 
to zero by self-stifling at the anodes or allowed 
to proceed at the maximum rate determined by 
such other factors as speed of oxygen supply, 
the concentration of hydrogen ions, etc., detailed 
in Table II. 

Table II. 

Factors which may Influence Corrosion 
Rates. 

Metallic Factors, 

1. The electrode potential, which is deter¬ 
mined by the chemical and physical character 
of the exposed surface. 

2. The hydrogen overpotential.^ 

3. The presence of different phases in the 
metal surface (especially in acids). 

Environmental Factors. 

1. The temperature. 

2. Partial pressure of oxygon. 

3. The rate of supply of oxygen. 

4. The concentration of H ions. 

5. The concentration of metal ions. 

^ This term is explained later, p. 376. 
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6. The concentration and specific nature of 
other ions present. 

7. The electrical conductivity of the solution. 

8. The chemical and physical nature and the 
distribution of corrosion products. 

9. Relative movement of liquid and metal. 

For a given sample of metal at atmospheric 
temperatures and pressures the most important 
factors in approximately stagnant acid solu¬ 
tions are usually the concentration of hydrogen 
ions, the hydrogen overpotential, the presence 
of impurities, and the nature of the corrosion 
product; in many nearly neutral solutions and 
industrial waters the rate of oxygen supply is 
also important, and may be so even in dilute 
acids. In both types of condition the initial 
corrosive action may commonly be regarded as 
the passage of metallic ions, at anodic areas, 
from the crystal lattice into the solution leaving 
electrons in excess (Me-> Me'*4-2€); simul¬ 
taneously, an equivalent number of hydrogen 
ions associate with electrons and leave the solu¬ 
tion at cathodic areas on the metal surface 
(2HM-2f->2H). 3'he hydrogen atoms thus 
formed may either build up molecules and appear 
as gas (2‘H* ->H2) or they may react with 
any oxygen or other equivalent oxidising agent 
present to form water. 

2HH-2C4 0 ->H20 

It will be evident that the depletion of the 
electrolyte of h 3 ^drogon ions wiU give rise 
to an excess of hjulroxyl ions with consequent 
alkalinity in the neighbourhood of the cathode. 

! Hoar (Proc. Roy. Soc. 1933, 142, A, 628) 
prefers to regard the process as a reduction of 
oxygen at the cathode 

02+2H20+4c~>40H' 

but on either view the net result is obviously 
the same. In weak acids and many salt solu¬ 
tions both hydrogen evolution and ox^^gen 
absorption may occur together, gas evolution 
being predominant in the acids and water 
formation in salt solutions. These actions can 
proceed rapidly wdth relatively base metals 
such as zinc and iron, and slowly or not at all 
with semi-noble or noble metals such as copper 
and gold. Copper yields hydrogen gas only 
from boiling concentrated hydrochloric acid, 
but is corroded rapidly in many solutions in the 
presence of oxygen at ordinary temperatures 
with formation of water. Gold is attacked only 
by very powerful oxidising agents such as 
aqua regia, which evolves chlorine gas, or 
in the presence of oxygen by solutions in 
which it forms complex anions. The distinction 
between the “ hydrogen evolution ” and 
“ oxygen absorption ” types of reaction, not¬ 
withstanding many intermediate cases where 
the processes occur simultaneously, is of much 
significance and becomes especially important in 
the consideration of methods of protection. 

It is thus useful to consider metals from the 
point of view of their position in the Electro¬ 
potential Series, which is given in Table III. 
This shows the single electrode potential of 
each metal when in equilibrium with a solution 
of a normal concentration of its own ions (t.c, 
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of normal ionic activity); the potential of 
hydrogen, as exhibited by an electrode of 
platinum black saturated with hydrogen at a 
pressure of one atmosphere, and plunged in a 
solution normal with respect to hydrogen ions, 
is used as the arbitrary zero point of a “ liydrog(*n 
scale ” in which the potentials of all other 
metals are arranged. Rase metals, i.e. those 
below hydrogen in the table, are conventionally 
regarded as i)oss(\ssing a relatively negative 
potential, and noble metals a positive one. 
The base metals can displace hydrogen from 
many solutions containing its ions, but the 
noble metals can only do so in special circum¬ 
stances, e.g. when the concentration of nobl(‘ 
metal ions is kept extremely low in the solution 
by the formation of com])lex ions containing 
the metal. The influence of concentration on 
the single potential may thus be important, and 
is expressed for any given ionic concentration, 
C, by the formula : 

,, ,, RT, „ _ 0-058. ^ 

E — lt() - f ^ log<> C — PJy ~| — 1 0 

at N.T.P., where Ey is the potential at normal 
ionic concentration, n is the valency of the 
ion involved, KT and V have their usual 
meaning, and E is the potential at concentra¬ 
tion C. 


Table III. 

7V/e Ekrtro-pofcntial Series of MefaJs. 


Metal, 

Ionic state. 

Potential in 
volts (on 
liydrogen 
scale). 

Gold .... 

Au'■ 

+ 1-36 

Platinum . 

Pt'“* probably 
over 

4-9-86 

Mercury 

(Hg)2" 

-1- 0-80 

Silver .... 

Ag* 

4- -OHO 

Copper 

Cu- 

-fO-34 

Hydrogen . 

H’ (arbitrary 
zero) 

±0-00 

Lead .... 

Pb * 

-012 

Tin .... 

Sn” 

~ 0-14 

Nickel 

Ni* 

- 0-23 

Cadmium . 

Cd” 

— 0-40 

Iron .... 

Fe” 

-0-44 

Chromium 

Cr- 

-0-56 

Zinc .... 

Zn- 

-0-76 

Aluminium 

Al*‘ 

-1-33 

Magnesium 

Mg- 

-1-55 


(This table is a condensed form of Table XXIV 
in “ Metallic Corrosion, Passivity, and Pro¬ 
tection,” by U. R. Evans. London, Edward 
Arnold & Co., 1937.) 

The expression “ hydrogen overpotential ” 
which has already been used may now be 
explained. Hydrogen gas is freely evolved from 
a surface of platinum black whenever the 
potential is made, appreciably more negative 
than 0-0 on the hydrogen scale; from the 
surface of other metals, however, a notably 
more negative potential is necessary before 
hydrogen is produced either in the gaseous or 


the dissolved state. The difference between 
this negative potential and the equilibrium 
potential is knowm as the overpotential of 
hydrogen at the surface concerned. It may be 
an important factor in determining th(’! rate of 
corrosion in an acid; for instance', a metal 
with a high overpotentijd, such as zinc, will 
evolve hydrogen and corrode slowly or not at 
all if chemically pure ; but if it contains im¬ 
purities of low' overpotential embedded in its 
surface it will corrode more (juickly, since 
hydrt)g(‘n will lx; evolved in a continuous strt'am 
from the surface of su(‘h impurities. These may 
consist of anotht'r metal, alloy, metallic com- 
])ound, or some form of carbon. Metals Avhich 
exhibit low overpott'litials include platinum, 
gold, ])alladium and iron, while mercury, zinc, 
lead and tin show the ()])j)osite phcnoimmon ; 
the precise effect of any givcji rnc'tal, however, 
depends partly upon its surface condition 
(smoothness, ('t(‘.). 

The cause of overpotential has Ixx'u the 
subject of miH'li work ami discussion, and seems 
to be connected with the sluggishness of one 
or both of the reactions : 

Hydrogen ion-l-Ek'ctron hydrogen (atom) 
or 2 Hydrogen (atoms) hydrogen (molecule). 

Referring to Table 111, it will be noticed that 
the more generally chemically reactive metals 
have high negative potentials and occur at the 
bottom of the table, whereas the cln'inically 
sluggish metals occur at the top. It might be 
deduced from this that the position of a metal 
in the potential series would give din'ct informa¬ 
tion about its “ corrodibility ” relative to other 
metals in the series. The deduction w'ould not 
necessarily be true, be(;ause the rati; at which a 
metal corrodes, i.e. its corrodibility, is partly 
determin(;d by factors independimt of the metal 
itself, such as comj)osition and niovenient of 
the liquid in which it is placed, and the rate of 
oxygen supply; if, therefore, a metal bo })lnced 
in a solution other than that in which the 
determination of its single electrode ymtential 
was made, both its position in the series and 
its rate of corrosion may be altered. 

From what has been said above it wall have 
becomt' clear tliat corrosion rates are largely 
determined by polarisation at one or both 
electrodes. Polarisation at steel cathodes may 
be due to films deposited from certain salts in 
solution {e.g. the suljihates and nitrates of zinc 
and lead) which either shut off the sui)ply of 
oxygen or other cathodic depolariser, or poison 
the catalytic activity of the metal surface for the 
oxidation of hydrogen to water (H. K. Evans, 
J.S.C.l. 1924, 43, 321T; Thornhill and Evans, 
Fifth Corrosion Report to the Iron and Steel 
Institute, 1938, 381). Polarisation at anodes 
may be due to the formation of “ insoluble ” 
bodies in close contact with the metal surface 
or, perhaps, to a local high concentration of 
metal ions at that surface. 

The solutions chosen for the potential measure¬ 
ments are those in which the metals are freely 
soluble and no secondary insoluble products are 
formed ; in other solutions and in industrial 
waters these conditions may not hold, and if they 
do not no opinion can be gleaned from the 
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table aB to the relative corrosion rates of the 
metals. To take as concrete examples the three 
metals iron, magnesium and zinc, the follow¬ 
ing is the order of their corrosion rates in 
the liquids mentioned, in presence of oxy^^en : 


Distilled water. A710 KCI. 

Fe Mg 

Mg Zn 

Zn Fe 


Strong KOH. 
Zn 
Fe 
Mg 


The top metal in each column is the most rapidly 
corroded and it will be noticc^l that any one 
of tlu^ metals may occui)y any j) 08 ition in the 
list according to the selection made of the 
corroding liquid. The getioral exi)lanation is 
that the rate* of ('orrosion depends largely 
on the })roperties of the corrosion products; 
thus, in distilhal water the hydrated oxide 
formed affords less protection to iron than it 
does to magnesium or zinc, }»ut in strong alkali 
the zinc oxide is dissolved and tlie metal 
is readily attacked, while the iron and mag¬ 
nesium oxides are almost insoluble and form 
films on th(5 metal surface wdiich are highly 
prot(‘ctive, at any rate for a (nnsiderable timt^. 
iron may thus be said to i)ecome “ passive ” in 
strong alkali as well as in nitric acid and 
chromate and bichromate solutioris of fairly 
high concentrations. 'J’he j)asHivity in these 
solutions seems to be mainly due to the forma¬ 
tion of films of ferric oxide on the surface of the 
metal ; highly protective films are formed 
only when the firtadpitation of the m(‘tal as 
oxide occurs at the moment of its entrance into 
solution, and the essential condition for this is 
the presence of excess of' the precipitating agent 
at tlie metal surfac’O. Passivity has been 
s[)eeially studied by Evans and colleagues 
(d.C’.iS. 1927, 1020, and subsequent papers) and 
has been shown to occur with other metals and 
solutions, when the essential condition is fulfilled 
of the production of an insoluble product (w hich 
is not necessarily an oxide) iramediatidy at the 
metal surface and in the necessary physi<‘al state. 
Some examples of passivity may be regarded as 
the result of direct chemical oxidiation, others 
as caused by <*omplete anodic polarisation. 
In general, a metal will only remain passive 
as long as it is immersed in the passivifying 
solution; if removed to another liquid it will 
usually corrode because of a low^ering of the 
concentration of the requisite precipitant at the 
metal surface. 

The influence of temperature on corrosion in 
neutral acpieous solutions depends in general on 
whether the system is open or closed. In open 
systems, as shown by Hcyn and Raiier (Mitt. 
K|;1. Mat. Priif. 1910, 28, 62) and by Friend (Iron 
and Steel Inst., Cam. Sch. Mem. 1922, 11, 13), 
the rate of corrosion of iron increases to a maxi¬ 
mum in the neighbourhood of 80“, beyond which 
the normal stirnidativo effect of temperature is ’ 
more than offset by the retarding effect due to 
expulsion of oxygen. In closed systems, on the 
other hand, the rate of corrosion increases 
continuously with rise of temperature (Speller, 
“ Corrosion, Causes and Prevention,” 1926, 
144). Nevertheless, if entry of oxygen is pre¬ 
vented, this initial rate must fall off rapidly 
owing to the using up of oxygen in the system. 


Thus, the total corrosion can only become 
serious if oxygen is replenished through any 
cause. Corrosion at higher temperatures, in 
strictly closed systems, w'hen oxygen initially 
present has bc^come exhaustecl, may still 
proceed with liberation of hydrogen; the rate 
at which this reaction occurs, however, is 
usually so very much lower (with iron and 
steel and neutral or nearly neutral waters) 
that it cannot give rise to serious corrosion, 
although the y)reHence of hydrogen from this 
cause may freijucntly be recognised in heating 
systems. 

The influence of light on corrosion, notwith- 
stamling its theoretical interest, do(\s not in 
general constitute an imj)ortant factor in 
corrosion problems. Experimentally it is fre¬ 
quently difficult to separate the efT(>ct of light 
from that of temperature. General observations 
concerning the influence of light on the (;orrosion 
of iron in aqueous solutions hav^e been made by 
Friend and others (Carnegii^ 8(diol. Mem., 
Iron and 8teel Inst. 1922, 11, 116). Reference 
has already been made (p.370) to the influence of 
light on tarnishing and fogging phenomena. 
Cnder immersed conditions the particular func¬ 
tion of light appears to be the stimulation of 
electrochemical action. Vernon (<1. Birm. Met. 
Soc. J91{>, 7, 549) found that tin* illuminated 
areas of brass in acid solutions became anodic. 
On the other hand, Bannister and Rigby (J. 
Inst. Metals, 1936, 58, 227; J. Iron and Steel 
Inst. 1936, 133, 293), in a systiunatic investiga¬ 
tion employing dilute solutions of yjotassium 
chloride, found that for several metals the 
cathodic y)roceHs w'as stimulated, the effect in 
this case being dependent on the yjresence of 
oxygen. 

The influence of concentration of salt solutions 
is cornyflex, f)ut attention may be called to the 
fact that in the strongest solutions (concentra- 
tir)ns exceeding, say, Nj2) tin* rate of corrosion 
of mild steel (also zinc) falls off with increasing 
<‘,oncentration, mainly owing to the lowered 
solubility of oxygen. Heyn and Bauer (1908) 
and Friend (ibid.) showed that in certain con¬ 
ditions there was a wadl-defined maximum or 
” critical ” concentration, but the y^recise form 
of the corrosion rate/con central ion curve may 
be affected by various other factors (Bengough, 
Lee and Wormwell, Proc. Roy. Soc. 1931, 
134, A, 323; Evans and Hoar, ibuL 1932, 
137, A, 343 ; Bengough and Wormwell, Illrd 
Rep. of Corr. Ctte., Iron and Steel Inst. 1935, 
148). 

It will now be apymrent that the rate at which 
a given metal can corrode in an ay)|)roximately 
stagnant liquid depends partly on the com¬ 
position of that liquid, and that this rate may 
vary between zero and some very high figure. 
Magnesium, for instance, is passive in strong 
caustic potash solution, but if placed in Nf 10 
sodium chloride will corrode so rayudly that it is 
difficult to measure the rate accurately. Iron 
is also passive in the alkali, but will not corrode 
nearly so fast as magnesium in N/IO sodium 
chloride. Reasons for this are the much more 
negative potential of magnesium, associated 
with its comparatively low overpotential so 
that hydrogen can be freely evolved on the 
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metal itself; this discharge of gas is so rapid 
that depolarisation due to oxidation of hydrogen 
by dissolved oxygen plays no appreciable part 
in the corrosion process. On iron, however, 
hydrogen gaa is not so rapidly discharged, 
and the rate of corrosion is largely determined 
by the rate of depolarisation, and this will 
depend on the speed of access of oxygen to the 
effective cathodic areas on the metal surface. 
This speed is determined by the convection 
currents and diffusion rates in tlie particular 
experimental conditions studied, and if the 
A/10 sodium chloride be approximately stag¬ 
nant it will be so slow that the corresponding 
corrosion rate will also be slow and far below 
that of magnesium in similar conditions. If 
the solution be stirred the rate of corrosion of the 
iron will increase with the speed of stirring, 
but the rate of corrosion will not reach that of 
magnesium at any experimental speed so far 
tested. 

An objection to the foregoing argument might 
be raised that owing to the rapid evolution of 
gas from magnesium in A 7 IO sodium chloride 
the liquid can never be regarded as stagnant, 
and the comparison with iron is, therefore, 
imperfect. This raises the question of the 
effects of the motion of salt solutions on 
corrosion rates. 

It is not easy to produce complete stagnancy 
in a solution since convection currents are set 
up by very small temperature changes and by 
evaporation, but with a minimum of motion 
corrosion rates may be low owing to two 
factors : 

(1) Restriction of o.xygen supply. 

(2) Restriction of the supply of ions to form 
soluble anodic products. 

Magnesium w’ill not be affected by (1), since 
oxygen plays no part in the process; it might 
be affected by (2) if the supply of chloride ions 
became very low in the solution owing to the 
formation of insoluble basic chlorides of mag¬ 
nesium. The main corrosion product is, 
however, magnfjsium hydroxide, and usually 
corrosion proceeds rapidly. Iron resembles 
magnesium in not forming stable basic chlorides, 
but the rate of corrosion of zinc (in a compara¬ 
tively limited volume of solution) slows down 
owing to the diminution of chloride ions and the 
increase of alkalinity in the solution (weak 
alkalis protect zinc, but very strong ones can 
attack it). 

With increased motion of the liquid the rate 
of corrosion of iron in Nj 10 chloride solution 
also increases, at first rapidly, and then more 
slowly, and this increase is, no doubt, mainly 
due to the increased amount of oxygen made 
available for depolarisation. The effect, how¬ 
ever, is not the same in all solutions; for 
instance, in some types of hard w^ater the 
effect of slightly increased motion is to raise 
the rate of corrosion, but more rapid motion 
depresses it almost, or quite, to zero (Heyn and 
Bauer, 1910, lx,; Friend, 1922, lx.; Forrest, 
Roetheli, Brown, and Cox, Ind. Eng. Chem. 
1931, 28, 1010). The distribution of corrosion 
is also gradually changed in the direction 
of greater localisation before complete suppres¬ 
sion is effected. This phenomenon seems to be 


duo to the formation of protective films con¬ 
sisting mainly of hydrated ferric oxide at all 
the potentially anodic areas. (In the presence 
of ions, such as chloride, iron will tend to 
travel an appreciable distance from an anode 
before it is precipitated as hydrated oxide). 
Distilled water readily shows this peculiar 
form of passivity, which unfortunately resembles 
some of the other forms of passivity in the fact 
that it does not persist if the metal bo removed 
from the passivifying conditions; nor is it 
necessarily permanent in time even in those 
conditions. The protective film may gradually 
thicken and break down, and intense local 
corrosion may then occur. In the absence 
of the passivity just described, the rate of 
corrosion in ordinary salt solutions will increase 
continuously with speed of movement because 
of the large supplies of oxygen available for 
depolarisation. Thus Speller and Kendall 
(Ind. Eng. Chem. 1923, 15, 134), using iron 
tubes which had not been previously freed 
from i*ust, found that corrosion incTeased con¬ 
tinuously with increase in the velocity of 
water flowing through them. 

The effect of motion in the case of solutions 
in which corrosion is mainly associated with 
hydrogen evolution is difl'erent from that 
discussed above. The rate of corrosion is 
usually depressed as the speed increases, 
apparently because of the rapid removal of 
hydrogen bubbles wdiich wnuld otherwise form 
nuclei at which increases of gas formation 
could occur—in other words, gas is evolved more 
rapidly at an existing bubble than at a metal 
surface (Whitman, Russell, Welling, and 
Cochrane, Ind. Eng. Chem. 1923, 15, 672). 
Nevertheless, the rates of corrosion in such 
liquids are still so high that the posvsible effects 
of increased depolarisation by the rapid supply 
of dissolved oxygen are negligible. 

The effect on steel corrosion in alkali chlorides 
of oxygen pressures from one to twenty-five 
atmospheres has been studied by Leo (Trans. 
Faraday Soc. 1932, 28, 707) and Bengough 
and Wormwell (IVth Report of the Corrosion 
Committee, Iron and Steel Inst. 1936, 213). 
The effect depends largely on the experimental 
technique used in raising the pressure of the 
oxygen. If it be raised to two to five atmo¬ 
spheres before immersion of the steel in sodium 
chloride solution (A/2 or A/10,000) or in a 
hard tap-water, very little corrosion occurs 
(less than 6 mg. in 10 days on a specimen with 
a surface area of 15 sq. cm.). If, however, 
the steel be first immersed in the liquid and the 
pressure raised subsequently the amount of 
corrosion in 10 days will be 120-170 ii%. 
according to the solution used. If air at 
10 atms. pressure be substituted for oxygen, 
i.e. a partial pressure of two atmospheres of 
oxygen, the amount of corrosion in A/2 NaCi 
will bo increased to about 36 mg. in 10 days 
with the first method of exposure, as compared 
with about 90 mg. in the second method. It is 
noteworthy that the amount of corrosion in air 
is less than in oxygon at equivalent partial 
pressure. The amount of hydrogen evolved 
when the second, or more usual, method of 
exposure is used is not greatly influenced by 
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increase of oxygen pressure, and the corre¬ 
sponding amount of corrosion is negligibly small 
in sodium chloride solutions. The corrosion/ 
time curves are straight lines which show 
increasing slopes with increased oxygen pressure 
up to about 20 atmospheres ; at higher pressures 
the corrosion rates increase but slowly, perhaps 
because the corrosion products become hardened 
and so tend to restrict the movement of oxygen 
and ions in solution. 

It will have become evident from the above 
discussion that the effect of increased supplies 
of dissolved oxygen may be negligible, stimula¬ 
tive, or repressive, according to the conditions of 
experiment. The fact that a high supply may, 
in certain conditions, ennoble, render cathodic, 
and protect a sample of iron or steel has led 
to the development of the “ Dififcrential Aeration 
Principle of Corrosion.” Early work in this 
field was due to J. Aston (Trans. Amer. Electro- 
chem. Soc. 1916, 29, 449), R. J. McKay {ibid. 

1922, 41, 201) and U. R. Evans (J. Inst. Metals, 

1923, 30, 239), the last-named having developed 
the subject in many subsequent papers. The 
principle states that a piece of metal tends 
to become anodic and attacked at places 
on its surface where the oxygen supply is 
least, and cathodic and protected where the 
oxygen supply is greatest. An example of the 
principle was considered to be the behaviour 
of zinc or steel half-immersed in, for instance, 
dilute sodium chloride solution. Since the 
oxygen supply will be most rapid to those parts 
of the metal surfaces which are nearest the 
liquid surface, these parts should be cathodic 
and })rotected, and those lower down anodic 
and attacked. Many experiments showed this 
prediction to be confirmed. It became clear, 
however, that the composition of the liquid 
affected the result; thus, if ammonium chloride 
were substituted for sodium chloride no pro¬ 
tection was obtained near the water-line. 
Accordingly, the explanation was incorporated 
that the protection in the solution of the sodium 
salt is not due to oxygen per se but to alkali 
which is formed where oxygen unites with 
cathodic hydrogen to form water. The alkali 
protects the metal by causing precipitation of 
ferric hydroxide on the metal at the moment 
iron ions enter solution. Thus the mechanism, 
as emphasised by Bengough and Worm well 
(Proc. Roy. Soc. 1933, A, 140, 399), consists 
essentially in the preferential development of 
protective films at the most oxygenated areas of 
the metal. 

It was next found that the protection thus 
afforded was not necessarily permanent and 
that both zinc and iron could become heavily 
attacked at, and near, the water-line even in 
solutions of alkali chloride after long periods of 
partial immersion; in fact, the attack might 
be so rapid as to overtake and surpass that which 
occurred at the less aerated parts of the metal. 
The explanation seems to be that the film 
which is first formed is not completely pro¬ 
tective, but slowly thickens and finally breaks 
down owing to secular changes; when this has 
occurred corrosion is very rapid at the breaks, 
because of the high supply of oxygen which, 
per ee, normally acts as an accelerator of 


corrosion in stagnant liquids exposed to the air 
at ordinary temperatures. An alternative 
explanation of this water-line attack which 
begins after long periods of partial immersion is 
that the supply of alltali to the water-line 
gradually falls owing to diminution of corrosion 
at more deeply immersed areas, whicli become 
covered with hardened and protective masses of 
corrosion product. 

The differential aeration principle has been 
used to explain many examples of the localised 
corrosion of iron and steel, often with little 
justification. Deposits of rust, for instance, 
have been stated to bo not only the results oi 
corrosion but also the causes of local attack; 
deposits of foreign bodies, such as sand, have 
been supposed to act similarly; holes and 
crevices in metal, to which access of oxygen is 
restricted, are supposed to cause pitting. None 
of these ideas is correct generally, though 
each may be true in particular conditions. 
Differential aeration actually appears to be 
only one of the factors which can influence the 
distribution of corrosion over the surface of a 
metal in particular conditions, and is often not 
the most important (Bengough and Wormwell, 
J.S.C.I. 1937, 56, 349). Others are : 

1. Differences in the surface conditions of a 
metal, e.g. roughnesses and phase-types. 

2. The chemical composition of the electro¬ 
lyte, which may become inhomogeneous when 
corrosion occurs. 

3. The geometry of the metal-clectrolyte-gas 
system. 

4. Oravitational streaming. 

6. Interfacial tension effects. 

6. Breakdown of protective films by “ ageing ’* 
and other causes. 

7. The presence of foreign bodies, discon¬ 
tinuous mill-scale, etc. 

From w'^hat has already been said, it will have 
become clear that corrosion is a highly specific 
phenomenon both as regards metal and environ¬ 
ment, and corrosion velocities and distribution 
are difficult to predict from first principles 
largely because of the varying physical pro¬ 
perties of corrosion products. In a single 
experiment these properties may vary with time 
and may change, for instance, from being highly 
protective to completely non-protective. Hence 
the importance of a knowledge of long-period 
corrosion tests carried out in many types 
of defined conditions. A series of such tests 
has been carried out (Bengough and associates, 
1926-1937) principally with zinc, iron, and 
carbon steels, and in stagnant conditions, but 
many more will be required before the subject 
can bo considered to rest on a satisfactory 
quantitative basis. 

Corrosion Fatigue. —Discussion so far has 
been confined to the behaviour of metal in an 
unstressed condition. If a sample of steel, for 
example, be stressed to a definite extent and 
then immersed, the corrosion rate in acids 
is usually increased but in salt solutions is not 
much altered. If, however, the stress is 
frequently reversed during the corrosion 
process a somewhat complicated process of 
destruction or alteration of the metal may be 
set up, the result of which is not necessarily 
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identical with that which would bo predicted 
from inoaHurements of the reeults of corroBion 
and Htress flcparutely; it is usually much 
more serious. CV)nditiou8 that have been par¬ 
ticularly studied are alternate tension and 
eompressioii, alternate bending and alternating 
torsion. If by any of these means the stresses 
are varied in a regular mannt'r through a range 
in which zero stress is the middle point, then the 
greater the range the smaller the number of 
alterations of stress a metal can withstand before 
fracture. In the absence of any appreciable 
amount of corrosion, ix. if the experiments are 
carried out in a vacuum or in a dry inert gas, a 
metal may be expected to withstand an infinite 
number ol'stress alterations provided the stress- 
range is below a definite limiting value, which is 
known as the “ fatigue limit.” Since the 
determination of this value is a very long and 
tedious process, another \alue, known as the 
” endurance limit ” is often determined instead. 
This is merely a stress range which has not 
produced fracture in a stated number of stress- 
cycles, and, as Gough (d. Inst. Metals, 1932, 
49, 17) has pointed out, has no meaning unless 
this number is given. Gough anti iSopwith 
{ibid, 93) have shown that if tests be carried out 
in presence of air and moisture the curves 
showing the relation between strcvss-range and 
number of cyt'les withstood (commonly called 
SN curves) lie wholh" below those conducted 
in a vacuum or inert gas, particularly with 
copper, brass, and mild stetd; eviilently corrosion 
has jda^ed a j)art in the result and the joint 
destruc:ti\e action is an examj)le of ” corrosion 
fatigue.” Much more serious deterioration 
may occur if a litpiid corrosive agent, such as 
salt solution or some tyjie of tap-water, be 
present in addition to air. In such conditions it 
may be impossible to find any true ” corrc)sion 
fatigue limit,” because fracture of the metal 
may occur at extremely low^ stress-ranges, or 
even in absence of stress, i.e. by corrosion 
alone. The common practice is, therefore, to i 
determine what is really an ” endurance limit ” 
at a stated number of cycles, but in much of 
the literature this is frecpiently called a 
” corrosion fatigue ” limit. 

Fracture owing to corrosion fatigue begins 
with the formation of surface cracks which are 
narrow fissures with sharply pointed ends, and 
their formation and progress has been studied 
in detail by Gough and associates in a whole 
series of papers in recent years. In aluminium, 
the cracks appear to start owing to pre¬ 
ferential corrosion along the sites of previously 
formed slipbands ; they are numerous and 
small, and are most thickly distributed “ in 
the region of maximum resolved shear stress 
intensity ; they are thus directly related to the 
crystalline structure of the specimen and to the 
applied stress s^^stem.” In general, the cracks 
do not follow' the boundaries between the crystal 
grains, and do not necessarily start fixmi the 
bottom of large surface pita produced by corro¬ 
sion. Nevertheless, stress-concentration at the 
point of notches, etc., I)lay8 a part in the 
propagation of cracks when they have once been 
started. In the opinion of Gough {lx.) the vastly 
increased velocity of corrosion under corrosion 


fatigue conditions, as compared with stressless 
corrosion, is “ due to the effect of the cyclic 
strains on the porosity and rupture of the 
(w'holly or weakl^^) protective films that tend 
to form under corrosive ('onditions.” These 
films are, in the w riters' opinion, identical with 
the anodic films which are believed, on quite 
other grounds, to be commonly formed on 
steel, for instance, when corroding in salt solu¬ 
tions or industrial watcTs. These films limit 
the rate ot strcssless corrosion in presence of a 
particular rai(^ of ox> gcn supply, but if tlu'y were 
to sulfer frequent rupture the corrosion rate 
with that same oxygi^n supjjly might be greatly 
increased. In this eoniiecdion it is interesting 
to note that Speller, McGorkle, and Miimma 
(Proc. Amer. Soc. Test. Mat. 192H, 28, 

159; 1929, 29, 238) have shown that eertain 
passivifying agents, sueli as chromates, are 
able to reduce liability to corrosion-fatigue, 
doubtless by re})airing the anodic })rotective 
film as fiist as it is fractun'd. 

For steel parts operating in w'atcr, tlu‘ pre¬ 
vention or amelioration of corrosion fatigue by 
various surface treatments nitriding, 

coatings of zinc, cailinium, synthetic resins, 
etc.) or by additions to the wuitcr {v.ij. sodium 
dichromate and vur'ious emiilsilying oils) has 
been discussed by Buehholtz and KreUeler 
(Stahl II. Fisen, 1933, 53, (>71) and many others 
{see espt^ciaJly, Sopwith and Gough, J. Iron and 
Steel Inst. 1937, 135, 315). In the case of 
aluminium alloys complete immunity from 
coiTosion fiitigue under salt spray conditions 
w'as reported by Gerard and Sutton (d. Inst. 
Metals, 1935, 56. 29) from a syntlietii^ resin 
varnish apjilied to an anodically oxidistal surface 
of duralumin and stoved for 2 hours at ]5(F 
{see also under “ Corrosion of Metals : Protective 
Measures”). A. d. Gould (Fngineering, 1936, 
141, 495) has shown that the endurance of steel 
wdre under corrosion fatigue may be con¬ 
siderably reduced by rise of temperature. 

References .—General surv€\ys of the subject 
of <‘orrosioii fatigue, with bibliographies, have 
been given by H, d. Gough (1932, supra) and 
by A. Thum and H. Ochs, ” Korrosion und 
Dauerfestigkt'it.” Berlin, 1937, V.I).l. Vcrlag. 

Season-Cracking, —A phenomenon allied to 
corrosion fatigue is that of ” season-cracking.” 
This is exhibited characteristically by fabricated 
articles of certain alloys, particularly high- 
zinc brasses and nickel brasses (” nicktd silvers ”) 
following heavy w'orking by rolling or drawing, 
or insufficient annealing; action may be long 
delayed but may result in the disruption of the 
article, sometimes whilst still in storage. As 
with corrosion fatigue, corrosion and stress are 
the two main factors, but the latter, being static 
rather than dynamic (a survival from the 
previous liistory of the specimen) must be 
distinguished from the alternating stresses of 
corrosion fatigue. The corrosive agents that 
promote season-cracking are usually highly 
specific— e.g, caustic alkalis and strong nitrate 
solutions for mild steel, and for brass traces of 
ammonia (sometimes other atmospheric im¬ 
purities) or mercury; a 1% solution of mer¬ 
curous nitrate, with 1% free nitric acid, is used 
as a reagent for rapidly detecting season- 
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cracking proclivitieB in brasB. In further dis¬ 
tinction from corrosion fatigue, season-crac^ks 
follow an intercryBtalline rather than a trans- 
crystallinc course, the internaJ stresses tending 
to draw the crystal grains aj3art, henc^e facilitat¬ 
ing penetration of the corrosive agent; it has 
been suggested that a process of “ age-harden¬ 
ing,” whereby some constituent is rejected from 
solid solution at the grain boundaries, may 
])lay a contributory part. S(?a8on-crac king may 
be prevcntc'd by excluding the corroding medium 
by means of suitable coatings; much the 
sounder j)rocedure, however, is to eliminate or 
to reduce to safe limits, by appropriate heat- 
treatment, the residual stressc's within the 
material. Much of the work on sea son-cracking 
has iicen carried out by H. Moore and co- 
workers ; present knowledge of the subject is 
surveyed bv J. D. Jevons (Metal Industry, 1937, 
50,431). 

Corrosion by Sea-water. 

Corrosion by sca-watcr is a matter of such 
great industrial importance that it has received 
much attention in recent years. I’hci extensive 
invcstigjitions of the Sea-Ac'tion Committee of 
the Institution of Civil Engineers (“ Field 
Tc^sts on Fc^rroiis I\Iatcriala,” by J. N. Friend) 
may be especially mentioned {e.g. XVth 
Report, /.r., 1935). Early workers in this 

field believed that a solution of sodium chloride, 
the chief salt in sea-water, could be used 
for comparative tc^sts instead of the natural 
water itself provided it was of ecpiivalent 
(approximately half-normal) concentration. 
Bengough and Lee (J. Iron and Steel Inst. 1932, 
123, 285) carried out experiments with the two 
and found marked differences. In sea-water, 
the corrosion of mild steel is accompanied by a 
miich larger proportion of hydrogen evolution, 
which, in stagnant conditions, might correspond 
to one-half the total corrosion, but in half- 
normal sodium chloride solution only to about 
5%. An increase of oxygen supply raises the 
corrosion rate of mild steel in sea-water by a 
smaller amount than in the pure chloride solu¬ 
tion, and this is due mainly to the fact that 
an increase of oxygen docs not much alter the 
rate of hydrogen evolution. Corrosion/time 
curves for mild steel in stagnant sea-water 
fluctuate about a mean position and the 
mechanism of the corrosion is probably rather 
complicated. Iliis is only to be expected, 
since sea-water contains, in addition to sodium 
chloride, chlorides and sulphates of magnesium 
and calcium, and traces of a large numl)er of 
other salts and organic matter. Largely, no 
doubt, on account of the last-named, it has not 
been found possible to prepare from inorganic 
salts alone a solution which would reproduce 
the corrosive effects of sea-water on mild steel. 

The presence of bacteria in sea-water may also 
assume importance in certain cases. In the 
presence of nitrogenous organic matter, micro¬ 
organisms of the ammonia-producing type have 
been associated (Grant, Bate, and Myers, 1921) 
with a localised attack on brass condenser tubes 
caused by the selective solution of copper by the 
action of ammonia. Such organisms have 


obviously a limited field of activity, since copper 
is the only one of the industrial metals that is 
sufficiently susceptible to attack by ammonia. 
A more general vulnerability is probably 
offered to the action of sulphate-reducing 
bacteria, which are very widely distributed 
{see “ Review of the Physiology and Bio¬ 
chemistry of the Sulphur Bacteria,” by H. J. 
Bunker, Department of Sckmtific and Industrial 
Rc^search, Chemistry Research Special Report, 
No. 3, 1936), but restriction is here brought 
about by the fa(‘t that they arc active only 
under anjerobic conditions. Particularly favour¬ 
able conditions are afforded in deep-seated sea- 
muds, as, for example, the extensive deposits 
in the Atlantic Ocean off Walvis Bay, South 
Africa. Periodic eruptions liberate large 
amounts of hydrogen sulphide, w hich not only 
can be detecicfl by smell at great distances 
but have been stated to accentuate the corrosion 
of metal structures on land. These deposits 
have been investigated by Copenhagen (Union 
of South Africa, Dept. Comm, and Ind., Fish 
and Marine Biol. Survey Div., Investigational 
Report No. 3, 1934), who also found the mud 
at the sea bottom of C^apetowui Docks to contain 
iron sulphide formed by the reaction of bac- 
terially produced hydrogen sulphide with the 
excess of iron com])ounds present in the dock 
w^ater. Corrosion associated with sulphate- 
reducing bacteria can be caused (1) indirectly 
by fhe action of liberated hydrogdi sulphide in 
solution or otherwise, or (2) more directly by 
the presence of the metal structure in situ 
where amcrobic reduction of the sulphates is 
taking place. In this case it is now^ believed 
that the metal itself may take an active part 
in the reduction process {see ” Corrosion by 
Soils,” infra). Examples of the first pn.x'css are 
provided in harbours and docks, more par¬ 
ticularly in certain waters. The presence 
of metals at the sea bottom must usually be due 
to such adventitious causes as wTCcks, and 
interesting cases have been described where 
cast iron cannon, long submerged in this W'ay, 
have been completely “ graphitised.”^ Never¬ 
theless, the possibility of a stimulation of this 
type of corrosion by the presence of sulphate- 
reducing organisms must bo borne in mind under 
any conditions in which the supply of oxygen, 
locally or otherwise, is Likely to become depleted. 

The corrovsion of marine condensers presents 
a number of problems that have been systemati¬ 
cally investigated over a number of years 
(Reports to Corrosion Committee of Institute of 
Metals by G. I). Bengough and co-workers, 
J. Inst. Metals, 1911 onwards). Corrosion is 
greater in harbour waters than on the high seas 
and increases with temperature and wdth speed 

^ The “ graphitisation ” or “graphitic softening”' of 
cast iron may take place umicr various conditions such 
as encourage electrochemical action b(‘t ween iron and 
graphite in the system. It consists in the leaching-out 
of the soluble iron-rich anodic product with consequent 
enrichment of the residue in graphite, which (together 
with smaller amounts of other insoluble constituents, 
carbides, siliddes, etc.) remains behind as a skeleton or 
matrix, the interstices becoming filled with suflicient 
iron oxides and liydroxides (i>rn(hiced by corrosion) to 
cement the whole loosely togetlicr. The original shape 
of the object is retained, Imt the specific gravity is 
greatly reduced and the material is softened sufficiently 
to permit cutting witii a knife. 



382 


CORROSION OF METALS. 


of working. Turbulence at the inlet end will 
produce rapid corrosion of brass tubes, par¬ 
ticularly if much entangled air is present, giving 
rise to characteristic “ impingement attack.’* 
Localised corrosion may also occur through the 
settling of various deposits in the tubes. The 
failure of brass tubes sometimes takes the form 
of so-called “ dezincification ” ; this has been 
shown to consist of an attack on the brass as a 
whole, followed by redeposition of copper in 
sitUy and to be favoured by retention of the 
corrosion products as a membranous layer in 
contact with the metal. (For ameliorative 
measures, see p. 389.) The present position of 
condenser tube corrosion has been surveyed by 
R. May (Inst. Marine Engineers, 1937,49, 171). 

Corrosion (and Protection) of Ships* 
Huli.s. —The corrosion of ships’ hulls comprises 
by far the largest scale practical problem 
associated with sea-water attack and calls for 
special consideration. It will be convenient to 
deal here with methods of protection specific to 
this problem (methods of protection in general 
are discussed later, p. 385). Sea-water seems to be 
more corrosive than many tj’TDcs of fresh water 
towards mild steel. Thus, Montgomery and 
Lewis (Trans. Inst. Engineers and Shipbuilders 
in Scotland, 1932, 75, 391) state that “ vessels 
trading continuously in fresh water, as in the 
Great Lakes of North America, suffer practicaUy 
no corrosion of hull structure.” Nevertheless, 
sea-water is not necessarily more corrosive than a 
fresh water, for hard Teddington tap-water (tem¬ 
porary hardness 21, permanent hardness 6 
parts per 100,000) is actually more corrosive 
towards mild steel in stagnant conditions. 
Movement, however, depresses the rate of 
corrosion of the hard water but increases that 
of the sea-water, so that with rapid movement 
the sea-water is the more corrosive. 

Stainless steels of the type containing about 
18% chromium and 8% nickel resist the action 
of sea-water better than plain carbon steels, 
but are still too costly to use for ship con¬ 
struction. Paints are therefore used to protect 
hull structures, and if care is taken to apply 
them properly and periodically, shell-plating, 
frames, and beams should last 20-25 years at 
least. Special parts of the ship, such as the 
scour area of ashes from an ejector or where a 
discharge of water flows more or less con¬ 
tinuously, may require renewal in much shorter 
periods. 

There appears, however, to be a consensus of 
opinion among British and Continental observers 
that the corrosion of both steel plates and of 
rivets in the structure of ships’ hulls has 
assumed rather more serious dimensions during 
recent years. In the absence of definite 
evidence, changes in the quality of the metal 
cannot be held responsible for the increased 
corrosion of plates; but with respect to rivets, 
many people believe that the substitution of 
“ rimming ” steel for solid steel or wrought 
iron in modem practice has had a prejudicial 
influence. (The use of rimming steel for the 
manufacture of rivets for ships’ hulls is now 
prohibited by the Committee of Lloyd’s Register 
of Shipping and certain other authorities.) 
If anything, the rivets should be slightly 


less vulnerable than, or slightly cathodic to, 
the plates, since a more generally distributed 
corrosion on the plates is preferable to a localised 
attack on the rivets. The use of copper steel 
has been suggested; although the intrinsic 
superiority of this material is not so marked in 
sea-water as it is in industrial atmospheres 
a special advantage is claimed for its applica¬ 
tion to ships’ rivets, because it is slightly cathodic 
to ordinary mild steel when the two materials 
are in contact. 

Turning to ships’ plates, there is considerable 
evidence of changes in treatment, as distinct 
from changes in composition, which may have 
an important bearing on corrosion. It has long 
been customary to expose the plates to the 
weather, after leaving the rolls, with the 
object of removing mill scale. Formerly a 
generous time, amounting perhaps to many 
months, was allotted to this process; in recent 
years, however, the tendency seems to have 
been to cut down this time and to use partially 
descaled steel in the ships’ hulls. It has been 
suggested, moreover, that the scale formed in 
modern practice is more difficult to remove than 
that formed in the older conditions ; this matter 
is now being investigated under the auspices of 
the Corrosion Committee of the Iron and Steel 
Industrial Research Council. Removal of scale 
by acid pickling has not hitherto been generally 
adopted (except in the Navy), but this is a 
quick and efficient method, particularly if 
an inhibitor bo used to reduce attack on the 
metal. The premature failure of paint coatings 
applied to partially descaled steel is often due 
to the weakness at discontinuities in the scale 
and is aggravated by mechanical causes; when 
once corrosion has started, deterioration of the 
paint is facilitated partly by alkali produced 
by corrosion and partly by a process of under¬ 
mining which may cause scale and paint to come 
away together. 

Besides incomplete removal of scale, the time 
allowed in modem practice for painting and 
particularly repainting is often quite inadequate 
to ensure efficient protection. The dry-docking 
of a vessel at the end of a cruise for the purpose 
of repainting the hull normally occupies the 
period of a 12-hour tide. The operations which 
must be completed within this time include the 
removal of marine growths, the removal of old 
paint, the drying of the metallic surface, the 
application of the anticorrosive paint and the 
antifouling preparation, and, finally, the drying 
of the coating. So far as the last-named process 
is concerned, the Paint Industry has responded 
to requirements by evolving special quick-drying 
compositions. The older linseed-oil type of 
paints yields good results provided a sufficient 
period of drying is allowed, and combined with 
a red lead base it provides a priming coat 
that is satisfactory for general work. For 
ships’ hulls, however, such paints have been 
largely replaced by compositions, typically 
damar resins in solvent naphtha, that dry 
owing to the evaporation of a solvent, as distinct 
from the complex oxidation process that con¬ 
stitutes the “ drying ” of linseed oil. In recent 
years preparations with a bituminous (asphalt) 
base have come largely into use; these have the 
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advantage of being both quick-drying and i 
insulating, and thus provide a suitable inter¬ 
mediary between the steel and the antifouling 
paint, which frequently stimulates rather than 
prevents the corrosion of contiguous metal. 
Recent practice in the United States appears to 
favour the use of coal-tar and rosin, both in 
anticorrosive and in antifouling compositions 
(Gardner and Hart, Amer. Paint and Varnish 
Manufacturers Assoc., Giro. No. 397, 1931); 
the following anticorrosive is now used in the 
U.S. Navy Department (values in pounds per 
100 gallons of paint): zinc oxide 187, Venetian 
red 93, silica 93, rosin 146, coal-tar naphtha 
383, coal-tar 48, manganese linoleate 130, 
beeswax 3-3. For the painting of steel hulls for 
fresh-water service, Speller (Mech. Eng. 1935, 
57, 358) quotes good results from a mixed 
pigment (red lead 75%, lead chromate 12*5%, 
zinc chromate 12*5%) in a treated tung oil 
medium. J. L. Bedale (Proc. Chera. Eng. 
Group, S.C.l. 1935,17, 89) gives the following as 
an average analysis of paint for protection of 
hulls in British Naval practice: 25% solvent 
(naptha, paraffin or white spirit), 35% soluble 
medium (resins and drying oils), 40% insoluble 
solid (zinc or iron oxide, etc.). 

Assuming a satisfactory paint composition 
the success of the operation largely depends on 
prevailing atmospheric conditions; a film of 
moisture on the metal, even of invisible dimen¬ 
sions, will effectively lower the adhesion of 
the paint, whilst the occlusion of salt particles 
beneath the coating adds considerably to the 
difficulty, (Painting with white lead in the 
steel mill while the metal is still hot has been 
found to bo advantageous, see Fourth Report 
of the Corrosion Committee of the Iron and Steel 
Institute, 1936.) The factors that militate 
against the success of painting under ordinary 
dry-dock conditions are complex enough to 
deserve greater time and attention than is 
usually accorded them if a satisfactory degree of 
protection is to be ensured. In practice the 
question resolves itself into one of economics. 
It is possible to secure not merely an equal 
but a definitely greater protection from corrosion 
than that obtained in earlier years ; but this is 
possible only by increasing the time and care 
expended on painting and drying with con¬ 
sequent greater cost. Which course to adopt is 
for engineers to decide ; but it may be asked 
whether economy would not be better served by 
greater attention to protective measures, with 
consequent reduced wastage of metal and paint, 
of which latter enormous quantities are probably 
discharged into the sea soon after the ship 
leaves diy dock. 

Fouling of Ships’ Hulls. —The “ fouling ” 
of ships’ hulls by the accumulation of marine 
growths is not necessarily related to corrosion, 
for the trouble is mainly associated with the 
serious reduction in speed for which such growths 
may be responsible, and any corrosion directly 
attributable to this cause is usually relatively 
unimportant.^ Nevertheless, it is convenient to 

^ Hedley and McLean (J. Assoc. S. African Mech. 
Elect. Eng. 1936, 9. 223) report, however, that stain¬ 
less steel of “18/8^* type undergoes severe attack at 
places of attachment of barnacles. 
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discuss fouling together with corrosion, for the 
treatment of the ships’ hull must take into 
account both phenomena. The growths com¬ 
prise several main groups of organisms, chiefly 
barnacles and molluscs (both of which are 
commonly referred to as “ shell ”) and certain 
“ sea grasses ” (a term which seems to be 
applied indiscriminately both to hydrazoa 
and algffi); many different species have been 
recognised {see comprehensive review by J. P. 
Visscher, U.S. I)ept. of Comm., Bur. Fisheries, 
Document No. 1031, 1927). As illustrating the 
importance of the problem, Visscher states 
that “ after vessels have been at sea for 6 or 8 
months they frequently accumulate growths 
from 2-3 in. in depth, and vessels with from 
50 to 100 tons of fouling are seen quite 
frequently.” Growths ui3 to 1,000 tons in weight 
have been reported, but these no doubt repre¬ 
sent cases where dry-docking has been neglected. 
According to Visscher, speeds in regular practice 
are reduced by amounts up to 50% and fuel 
consumption increased up to 40%. The trouble 
also affects flying-boats, which, in the tropics, 
have sometimes been prevented from rising from 
the water. 

The treatment consists in applying over the 
ordinary corrosion-resisting paint a preparation 
that will be inimical to the attachment of 
marine organisms or, more particularly, their 
spores ; such preparations are usually described 
as “ paints,” but frequently they contain 
substances that would promote corrosion if not 
insulated from contact with the underlying 
metal. On the other hand, the bituminous 
primary coat that is commonly applied to ships* 
hulls, whilst protecting the metal against 
corrosion, offers no resistance to the lodgment of 
marine organisms, certain kinds of which have 
been found to eat through the coating. Anti¬ 
fouling preparations in common u.se owe their 
value almost entirely to their poisonous content; 
when this is exhausted, antifouling properties 
cease. The problem is, therefore, to ensure that 
the toxic matter is released by the “ paint ” in 
sufficient concentration over a reasonably long 
period of time. It is one of peculiar difficulty, 
because widely different conditions must be 
met. For example, inoculation of the paint 
surface with the minute spores, which sub¬ 
sequently grow in situ to large dimensions, 
takes place almost entirely whilst the vessel 
is in port, motion being inimical to their attach¬ 
ment ; if, however, the solubility of the paint is 
adjusted to afford adequate protection during 
this period it dissolves at an inordinate rate 
whilst the vessel is cruising, with the result that 
its toxicity is rapidly exhausted. In practice 
a compromise is attempted and wide variations 
in the effective life of the antifouling paint occur. 
Visscher (Z.c.) states that “ under optimum con¬ 
ditions vessels foul within 30 days of the time 
of dry-docking.” Orton (Trans. Inst. Marine 
Engineers, 1931, 43, 276) questions, however, 
whether this figure is capable of general applica¬ 
tion (see also H. W. Keenan, J. Oil Col. Chem. 
Assoc. 1933, 16, 67). Light has been found to 
be inimical to the growth of many fouling 
organisms, particularly barnacles, which flourish 
most in ” shaded ” areas (Visscher, lx ,); 
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Wolfgang Neu (Internat. Rev. gos. Hydrobiol. u. 
Hyclrogr. 1933, 28, 228) atates that green 
colours of wavelengths 500-558 /x/i are strongly 
avoided by cyprid larvic. The use of suitably 
coloured preparations is therefore being advo¬ 
cated, also aluminium pigment (infra) for the 
purpose of repelling growth-forming organisms. 

The properties of an antifouling paint wdll 
clearly (lef)end largely on the nature of the 
medium or “ matrix,” which should resist the 
erosive action of st‘a-water for at least as long 
as the toxicity of the paint is maintamed; 
various varnishes, gums, and resins are used for 
the purpose. Special attention is usually given 
to the area exposed to alternate w'ctting and 
drying (in practic e a belt about 3 feet in width) * 
where mechanical conditions reach their greatest 
severity. The mixture ajiplied to this part (the 
” boot-topping composition ”) should have 
maximum toughness and resistance, for which 
purpose synthetic resins have proved especially 
valuable in modem practice. With regard to 
the toxic constituents, compounds of mercury 
and of copper have so far proved the most effec* 
tive, their joint presence, in a fine state of sub¬ 
division, being (‘onsidered to be advantageous; 
pine oil is believed to add to the toxicity. M. 
Lopez (Quim. Ind. 1929, 68, 222) states that 
copper resinate (a green powder soluble in paint 
media) is preferable to most substances hitherto 
used, and gives results much better than those of 
the earlier paints. According to Keenan (l.c.) 
there is some relationship between molecular 
weight, effective toxicity, and structure, the 
cyclic aromatic organo-metallic compounds being 
less stable than the open-chain compounds. 
Good results have been reported (Gardner and 
Hart, l.c.) for an antifouling preparation used 
by the U.S. Navy Department, which is as 
follows (lb. per 100 gallons of paint): zinc 
oxide 212, silica 82, magnesium silicate 83, 
cuprous oxide 112, mercuric oxide 45, balsam 
rosin 202, coal tar 133, pine oil 74. The presence 
of coal tar and of rosin is noteworthy. Opinions, 
however, arc divided as to the effectiv^eness of 
coal tar in antifouling preparations and its 
use is not generally favoured in this country. 
J. L. Bedale (l.c., p. 383) states that in modern 
British Naval practice the submerged part of the 
hull is given tw o or more coats of anticorrosive 
paint, followed by one coat of antifouling com¬ 
position, the latter being applied immediately 
before the dock is flooded, ow ing to its deteriora¬ 
tion when exposed to air (the boot-topping com¬ 
position is applied in the same way); the anti¬ 
fouling composition contains solvents similar to 
those in the protective paint (supra) with 
additions of poisonous compounds of copper, 
lead, arsenic or mercury. The use of chlorinated 
rubber as a medium, with additions of copper, 
mercury, zinc, arsenic or selenium, alone or in 
combination, has been introduced (Smith, 
Porritt, and Dyer, B.P., 1935), aluminium 
powder being incorporated to give a light- 
coloured surface inimical to organisms. 

Corrosion by Soils. 

Although corrosion of metals embedded in 
soils is not in general so common as in the 


atmosphere or under water, it nevertheless 
presents problems of some magnitude indus¬ 
trially. The economic, importance of the 
subject, as it affects, for examphs watesr mains, 
electric cables (sheathings), and suchlike, is 
reflected in the large-scale organisations for its 
investigation, })articularly in the United States 
and in Holland ; recently a committee with 
similar objects has been set up in this country 
under the auspices of the Institution of (Mvil 
Engineers and further developments must bo 
expected. 

The complexity of the conditions is indicated 
by the large number of factors which may 
enter into the process, e.g. the content of oxygen, 
moisture, and soluble matter (solid, liipiid, and 
gas), hydrogen ion coiu'entration, eletdrical 
conductivity, particle size, drainage; bacterial 
proccwsses are in many cases of imj)t)rtance, 
likewise the presence of ” stray ” currents 
from electric railways, etc., which may stimulate 
” electrolytic corrosion.” Fortunately many of 
these factors are interdependent, so tliat 
conditions relatively unfavourable to corrosion 
are by no means uncommon. Moreover, unless 
electrically stimulated from outside, and with 
the furtluT possible exception of corrosion 
associated with bacterial action, the rate of 
corrosion generally tends to fall off with time 
because of the ” self-stifling ” of the anodic 
process. 

Burns and Salley (Ind. Eng. rhern. 1930, 22, 
293) found that tlu; corrosion of lead in moist, 
inert sands increaseal (within certain limits) 
with iiHTcasing particle size, also with moisture 
content of the sand and with oxygen eoiieentra- 
tion of the overlying atmosphere. Bassett 
(d.S.t^.I. 1931, 50, 161) attributed diminished 
corrosive attack on steel specimens embedded 
(laboratory experiments) in salted soils to a 
restriction of oxygen diffusion. The (onclusion 
might reasonably be drawn from such experi¬ 
ments that corrosion should become negligible 
when oxygen is completely or almost completely 
absent. Evidence is accumulating, however, 
that many examples of quite serious soil corro¬ 
sion in service oecair under anaerobic conditions 
and are therefore unconnected with the supply 
of oxygen. It has frequently been noted 
that the tendency for corrosion to take the 
form of pitting increases with the acidity of the 
soil. It has also long been known that metal 
structures, particularly of east iron, are 
frequently more prone to undergo corrosion 
when embedded in heavy clay soil than in 
porous sandy soil. This has usually been 
attributed merely to increased retention of 
water in the neighbourhood of the metal. 
Recent investigations, however, particularly 
by von Wolzogen Kuhr and Van der Vlugt in 
j Holland (1934) and indeptmdently by Thaysen 
and Bunker in this (jountry (Chemical Research 
[ Laboratory of the Department of Scientific and 
Industrial Research), have led to the conclusion 
that such corrosion is in many cases attributable 
to the influence of sulphate-reducing bacteria. 
These are anaerobic organisms of the vibrio 
type (H. J. Bunker, Vth Rep. Corr. Ctte., Iron 
and Steel Inst. 1938, 431) which very commonly 
find in clay the conditions (i.e. presence of sul- 
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phates and exclusion of oxygen, together with 
the presence of minute amounts of organic 
matter) requisite for their activity. The 
organisms have the peculiar faculty of reducing 
sulphates, normally with liberation of hydrogen 
sulphide; they are typically anierobic, and 
while access of air does not destroy them they 
become active only when air is excluded. 
Their influence on corrosion under such con¬ 
ditions arises from the fact that they enable 
dissolved sulphates to act as “ hydrogen 
acceptors ; an alternative mechanism is 
thus provided for cathodic depolarisation 
which is normally dependent upon the supply of 
oxygen. It is probable that the process is 
also assisted by a certain amount of anodic 
depolarisation because (for example) iron ions 
entering into solution at the anode meet witli 
hydrogen sulphide produced at the cathode 
and are precipitated as insoluble iron sulphide 
at some distance from the anode surface. It 
can be shown that the theoretical amount of 
iron converted to sulphide in this way is equal 
to one-quarter of the total iron corro<Jed in the 
process ; and in fact the presence of a certain 
amount of iron sulphide in the primary corrosion 
product is a characteristic feature of this type 
of anaerobic corrosion. Cast iron is particularly 
liable under such conditions to undergo “ graphi- 
tisation ” (cf. deep-sea corrosion, supra) no 
doubt owing to the presence of graphite facilita¬ 
ting the expulsion of hydrogen. In practice the 
structures most commonly affected in this way 
are cast iron water mains, and here grapliitisa- 
tion proceeds from the outer surface (occasion¬ 
ally, also, from the inner, water, surface) leaving 
an irregular but approximately annular section 
of graphitised material. 

Probably the most effective method of 
reducing the attack on iron and steel pipe¬ 
lines, as will be evident from what has gone 
before, is by attention to the method of laying. 
In clay soils the interposition of a layer of 
sand, gravel or ballast is frequently advan¬ 
tageous ; cinders, however, should be avoided 
on account of the acidity that may arise from 
the oxidation of sulphurous impurities. Of the 
protective coatings applied to pipe-hues, 
bituminous materials, both coal-tar pitch and 
natural asphalt, are most commonly used and 
are frequently reinforced with felt or hessian. 
The extensive researches on soil corrosion carried 
out in the United States by Logan and co- 
workers (U.S. Bur. Stands.) have been surveyed 
by K. H. Logan in a number of papers (e.p, 
Trans. Electrochem. Soc. 1933, 64, 118; Trans. 
Amer. Soc. Civ. Eng. 1936, 101, 811; Bur. 
Stands. J. Research, 1936, 17, 181; see “ Corro¬ 
sion and Protection of Pipelines in U.S.A.”, in 
“ The Science of Petroleum,’* London, Oxford 
University Press, 1938, p. 747). In the corrosion 
of pipe-lines importance is attached to the 
influence of concentration cells caused by local 
differences, both physical and chemical, in the 
character of the soil in contact with the pipe; 
this leads to locaUsed attack, but various other 
contributory factors are recognised. (For 
methods of soil corrosion testing, see “Sym¬ 
posium on Corrosion Testing Procedures,” Amer. 
Soc. Testing Materials, 1937, 96). Under soil 
VoL. m.~-26 


conditions little difference has been observed in 
the corrosion rates of cast iron, wrought iron, and 
steel (including low-alloy steels). Similarly R. M. 
Bums reports (Bell System Tech. J. 1 36, 15, 
20) that high purity lead, lead hardened with 1% 
antimony, 3% tin, or 0-03% calcium, when used 
as cable sheathing, show approximately the 
same resistance to corrosion, environment being 
of far greater importance than variations in the 
composition of the metal. Copper and high- 
coi)per alloys, however, corrode less than most 
of the ferrous alloys, except in soils containing 
hydrogen sulphide. Of metal coatings applied 
to the protection of iron and steel in soil, zinc 
(hot-dipped) is most extensively used ; the 
rate of corrosion of galvanised iron is less than 
that of either steel or zinc alone and when the 
coating is perforated zinc gives a certain amount 
of cathodic protection to the underlying metal. 
Lead, on the other hand, has a greater tendency* 
than zinc to develop pits, and when used as a 
coating tends to accentuate, if perforated, corro¬ 
sion of the contiguous iron. (See also ” Corrosion 
of Metals: Protective Measures,” e.g. bitu¬ 
minous coatings, p. 395). 

G. 1). B. and W. H. J. V. 

CORROSION OF METALS: PRO¬ 
TECTIVE MEASURES. Methods of com¬ 
bating corrosion may be considered as falling into 
three groups according as the result is achieved 
by (1) the control of external factors, (2) the 
use of corrosion-resistant alloys, (3) the use of 
protective coatings. 

(1) Control of External Factors. 

Methods of protection depending on the 
control of external factors differ considerably in 
detail. Frequently they consist in the removal 
of some harmful constituent from or the addition 
of inhibitive material to the corrosive medium. 
It follows from what has gone before that 
corrosive atmospheres can be rendered inocuous 
either by filtering out solid pollution or by 
suitably absorbing gaseous pollution; but 
such measures can evidently be applied only in 
very special cases. A possible and obviously 
efficacious method of approach is to remove 
the pollution at source and much progress is 
being made in this direction. In the light of the 
principle of critical humidity, corrosion can 
frequently bo avoided by adjusting the relative 
humidity of the atmosphere so that it is main¬ 
tained consistently below the critical value, 
A knowledge of general principles is particularly 
important, since it is clear that the corrosion 
mechanism must be understood before the 
appropriate kind of ” brake ” can be devised. 

In the case of immersed corrosion, it is again 
evident that methods involving treatment of the 
corroding medium cannot in general be applied 
on the large scale ; but on limited scales and 
more particularly in enclosed systems such 
methods are, in fact, of great importance. 
The procedure to be adopted will depend upon 
whether corrosion is mainly of the hydrogen 
evolution or oxygen absorption type. As 
discussed in the general article the hydrogen 
evolution type of corrosion is encouraged 
by low Certain acid types of natural 
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water may have their aggressiveness removed 
by suitable adjustment of usually by 
addition of lime, which in effect displaces 
corrosion from the hydrogen evolution to the 
oxygen absorption range, the rate of attack 
being at the same time very greatly reduced 
(Whitman, Russell, and Aitieri, Ind. Eng. 
Chem. 1924, 16, 665). 

In cases where corrosion is inevitably of the 
hydrogen evolution type, use may be made of 
overpotential. A familiar example is the 
amalgamating of zinc electrodes for the pre¬ 
vention of local attack by the acid electrolyte; 
here the normal process, which would result in 
the liberation of hydrogen from the zinc surface, 
is suppressed because of the high overpotential 
of hydrogen in respect to mercury. An interest¬ 
ing practical application occurs in the acid pick¬ 
ling of iron and steel articles for the removal 
of surface oxide (scale and rust). Attack of the 
acid upon the metal, os distinct from the 
oxide, involves the liberation of hydrogen; 
hence this part of the process can be suppressed 
by such additions as will increase the hydrogen 
overpotential. For this purpose organic in¬ 
hibitors are used, of which a varied choice is 
available; heterocyclic nitrogenous substances 
{e.g. pyridine) being particularly efficacious. 
Mann, Lauor, and Hultin (Ind. Eng. Chem. 1936, 
28, 169) examined the inhibitive effect of ali¬ 
phatic amines on the acid attack of iron and 
concluded that the amount of surface blanketed 
by any given molecule (hence the efficiency of 
the inhibitor) is dependent on the length of 
the hydrocarbon chains, the nitrogen atom being 
held responsible for the actual attachment 
to the metal. Many proprietary inhibitors 
used in pickling iron and steel are derived from 
by-products of industrial operations, especially 
coal-tar. W. Machu (Korrosion u. Metallsch. 
1937, 13, 20) in a comprehensive survey, 
suggests that the inhibiting action at the cathode 
is due to the formation of a film having high 
electrical resistance. 

An application of the overpotential principle 
occurs in connection with magnesium-rich alloys, 
the corrosion of which invariably follows the 
hydrogen evolution type. One of the uses 
proposed for these alloys is the manufacture 
of fuel tanks for aircraft, but difficulties arise 
from the introduction of “ leaded fuels ” for 
anti-knock purposes. The lead is used in the 
form of lead tetra-ethyl, and ethylene di bromide 
is added for the purpose of removing the lead in 
the exhaust gases. In the presence of water a 
complicated series of reactions causes deposition 
of part of the lead on the surface of the alloy 
which then becomes attacked with liberation 
of hydrogen. The organic inhibitor process 
consists in mixing with the fuel a small quantity 
of a petrol-soluble substance that will suppress 
the evolution of hydrogen from the alloy 
surface, and for this purpose quinoline, to the 
extent of about 1%, has been found to be ex¬ 
tremely effective ; attack is inhibited, whilst 
the anti-knock quafities of the fuel are un¬ 
impaired (D.S.I.R. Rep. Chem. Res. Board, 
1934-7, London, H.M.S.O., 1938). 

In the case of corrosion processes the rate of 
which is controlled by the amount of dissolved 


oxygen, as commonly obtains with waters and 
neutral solutions under many service conditions, 
corrosion may be reduced to negligible dimen¬ 
sions by the removal of oxygen from the system. 
P"or this purpose both chemical and mechanical 
methods are employed. The former consist 
usually in the passage of water (which .for 
economical working must bo heated) over a 
large surface of iron, special precautions being 
taken to prevent the choking of the system by 
the rust produced. Suitable plant is described 
by Speller (“ Corrosion, Causes and Prevention,” 
2nd ed., 1935). Other chemicals, such as 
sodium sulpliite, are sometimes used for the 
removal of oxygen, but considerable care is 
necessary to avoid excess and the content of 
dissolved salt is in any case increased. There 
are many types of mechanical deaerators, from 
open heaters, in which a current of steam sweeps 
over the surface of the heated water, to heaters 
of the Elliott type, in which water is introduced 
into a chamber at reduced pressure, the sudden 
boiling on superheating serving to expel dis¬ 
solved gases. For the deaeration of water in the 
cold a fine spray is injected into a chamber 
under high vacuum. Mechanical deaeration 
has the advantage of removing carbon dioxide 
and other dissolved gases besides oxygen, but 
complete elimination of the latter is probably 
best achieved by means of a supplementary 
chemical treatment. 

Further methods of water treatment include 
the addition of substances that will (1) suppress 
the anodic as distinct from the cathodic process 
which is the function of the “ inhibitors ” 
previously considered, (2) lead to the formation 
of a film or scale over the whole surface. The 
first group comprises alkali additions (sodium 
hydroxide, sodium carbonate, or calcium 
hydroxide); these become less effective with 
increase in concentration of dissolved salts, 
particularly chlorides. It also includes chrom¬ 
ates, which are frequently added to brine solu¬ 
tions for corrosion prevention. In either case 
such additions must be made with caution, for if, 
as is most often the case, the rate of corrosion 
is under cathodic control, incomplete suppression 
of the anodic process may result in its localisa¬ 
tion, with consequent pitting. (This point has 
been emphasised by Evans (Trans. Eloctrochem. 
Soc. 1936, 69, 213).) Sodium silicate has been 
used for the treatment of water intended to pass 
through iron and steel systems, but its success 
appears to be dependent on the presence of 
calcium and magnesium salts, which assist in 
the deposition of a protective coating. In the 
case of a saline water it must be regarded in the 
same category as the alkalis (supra) and 
appropriate care exercised in its addition. 
Nevertheless, on lead, in various types of water, 
silicate additions of the order of about 10 parts 
per million of sodium silicate, do undoubtedly 
produce strongly protective coatings; this 
confirms very early observations (Crookes, 
Odling, and Tidy, 1886), that water is “lead- 
proof ” when it contains dissolved silica. 

Organic colloids such as gelatine, agar, etc., 
also exert considerable protective influence in 
neutral solutions (Friend and VaUanoe, J.C.S. 
1921, 121, 466), the mechanism consisting 
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presumably in adsorption of the disperse 
phase on the metal surface (such emulsoids are 
known to retard solvent action of various kinds 
when adsorbed at the solid/liquid interface). 
The comparatively long life of metal cooking 
utensils (particularly of aluminium) has been 
attributed to the colloids present in food. 
Patterson and Culbert (J.S.C.I. 1935, 54, 327T) 
have described another type of inhibitor, 
represented by the restraining effect of poly- 
hydric alcohols on the corrosion of iron in 
potassium sulphate solutions. Adsorption of 
the organic substance on the corrosion product 
was believed to be responsible for subsequent 
retardation, which was found to depend upon 
the number of hydroxyl groups per molecule of 
inhibitor. 

Hard waters are in general less corrosive than 
soft waters because of their ability to deposit 
surface films that are protective in character. 
Provided carbon dioxide is not present in 
excess, incif)ient corrosion will often favour the 
precipitation of films by reason of cathodically 
produced alkali. In one successful method of i 
water treatment for pipe-lines, just sufficient 
alkali is added to give a protective layer over 
the interior of the pipe. Very soft waters are 
sometimes treated with limestone in order 
to introduce film-forming constituents. The 
principles underlying the artificial treatment of 
natural waters for the controlled precipitation 
of suitable protective coatings have been 
developed mainly by Tillmans in Germany 
{e.g. Gesund. Ing. 1912, 35, 669; Gas u. Wasser- 
foch. 1931, 74, 1097 seq,) and by Baylis in! 
America {e.g. J. Amer. Waterworks Assoc. 1935, 
27, 220). In each case the primary object was 
the protection of the inner surfaces of stjpply 
pipes and the conditions sought were such as 
would produce a layer of calcium carbonate, or a 
mixture of calcium carbonate with rust. Till¬ 
mans’ work was based mainly on the conception 
of the aggressive action toward calcium carbon¬ 
ate of waters containing more than a certain 
amount of free carbon dioxide ; i.e, part of this 
carbon dioxide is required to keep bicarbonate in 
solution, hence it is only excess above this 
amount that enables water to attack calcium 
carbonate, so preventing the formation of a 
protective layer on the iron. The excess was 
called by Tillmans “ aggressive carbon dioxide,” 
a term which, it should be observed, refers only 
to aggressiveness towards deposits of calcium 
carbonate and not towards metal, although that 
may follow indirectly. (The direct action on 
iron, at ordinary temperatures, of such concen¬ 
trations of carbon dioxide that are likely to be 
present in natural waters is very much smaller 
than was previously supposed and is probably 
negligible in most instances, although it may 
become significant at higher temperatures as in 
closed heating systems.) Aggressive carbon 
dioxide may be removed by contact with marble 
or limestone. Baylis (l.c.) has described examples 
of the successful application of these principles 
and has given curves connecting the determined 
Pji of the water with equilibrium values for 
alkalinity in terms of calcium carbonate. If 
for any given water the determined pg falls 
above this curve, calcium carbonate wiU tend 


to precipitate out from the water and form a 
coating, whilst if below the curve the water is 
“ aggressive ’* and tends to dissolve calcium 
carbonate. Baylis emphasises that the curve is 
modified by other constituents, magnesium 
carbonate, etc., and it is necessary to determine 
the calcium carbonate equilibrium point for 
each particular water by direct experiment. 
Lime is usually used to treat the water but soda 
can be used if it is desired to avoid an increase in 
hardness. 

Problems connected with “ external factors ” 
under soil conditions are discussed in the 
general article (p. 384). 

In power plants and in many industrial 
operations it is often necessary to use water from 
which scale-forming constituents have been 
removed in a softening process. Generally the 
need is dictated by objections arising from 
accumulations of deposits ; in boilers, however, 
the presence of magnesium salts is deleterious 
from the corrosion point of view and their 
removal therefore becomes important. For 
reasons already considered, however, the 
softened water should be rendered slightly 
alkaline; small amounts of certain other 
materials are also commonly added for the 
purpose of producing protective films. Care 
is needed in using waters that have been softened 
by base-exchange processes because of their 
higher content of dissolved sodium salts; 
contact of dissimilar metals, e.g. steel with copper 
or brass, should be especially avoided. A 
method of ameliorating the corrosivity of such 
waters is to by-pass a certain amount of the 
raw water so that the treated water may have 
the necessary minimum degrees of hardness. 

Corrosion in refrigerating systems^ which 
affords good examples of protection by control 
of external factors, has formed the subject of a 
general discussion (Proc. Brit. Assoc. Refrigera¬ 
tion, 1936-7, 33, 35). Corrosion may affect 
cither the ammonia (refrigerant) circuit or the 
calcium chloride (brined circuit, but appreciably 
so only in the presence of water in the refrigerant 
or of oxygen in the brine. A third possible con¬ 
tingency is the leakage of refrigerant to the 
brine; this must be especially avoided because of 
the formation of ammonium chloride, by which 
the hydrogen evolution (as distinct from oxygen- 
absorption) type of attack is actively promoted. 

Electrochemical Methods of Coa^rok—Corrosion 
in aqueous solutions and natural waters being an 
electrochemical process (attack on the metal 
proceeding from anodic points or areas) “ electro¬ 
chemical ” or “ electrolytic ” methods aim at 
countering the natural process by rendering the 
whole metal surface cathodic, for which purpose 
an external electromotive force is employed. 
The principle is attractive and its application 
can be readily demonstrated by small scale 
experiments. Difficulties arise, however, on 
the large scale owing to the impossibility of 
distributing the current uniformly over the whole 
of a large area. For example, in condenser 
systems (in which electrolytic methods, at one 
time extensively tried, have been largely dis¬ 
continued) anodes were inserted in the water 
boxes at the ends of the tubes, which themselves 
constituted the cathodes; in practice, however, 
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no more than the first few inches of the tubes 
could hope to receive protection (Bengough and 
May, J. Inst. Metals, 1924, 32, 245). Neverthe¬ 
less, for the protection of pipe-lines in soil, where 
the function of an electrolytic method is to 
supplement the protection afforded by the usual 
protective coating, successful application has 
been claimed. Examples are quoted by K. H. 
Logan (/.c. “ Science of Petroleum,’* 1938). 

A method similar in principle to that of an 
extemaUy-applied E.M.F. is the use of protector 
blocks, as, for example, the zinc slabs attached to 
bronze propellor blades and to the adjacent steel 
huU for the purpose of deflecting electro¬ 
chemical attack from the steel structure to the 
readily-replaceable zinc. The method is limited 
by the (normally) very short distance to which 
the cathodic protection can extend, to meet 
which objection a series of such slabs are 
usually fitted. Much greater effective distances 
for the protection of duralumin by zinc were 
found by Akimov (Korrosion u. Metallsch. 1930, 
6, 84) and zinc plates are in fact used for the 
protection of the duralumin portions of wing-tip 
floats of aircraft (W. H. Hatfield, J. Roy. Aeron. 
Soc. 1935, 39, 564). In closed systems zinc 
may operate by using up available oxygen; 
for example, Bannister and Kerr (Trans. 
Liverpool Eng. Soc. 1933, 54, 15) reported 
equally good protection from zinc blocks 
attached to steel boiler plates when cdectrical 
contact was prevented, showing that in this case 
protection was chemical rather than electro¬ 
chemical. 

(2) Corrosion Resistant Alloys. 

It was formerly considered that increase in the 
corrosion resistance of a metal could be effected 
only by more complete purification or by 
additions such as would render it more “ noble ” 
or intrinsically more resistant. Much more 
commonly in modern practice the result is 
achieved by additions that are themselves 
intrinsically more reactive, the rapidly formed 
initial film imposing increased resistance to 
subsequent attack. Much depends on environ¬ 
ment, and an alloy that will develop a highly 
resistant film under one set of conditions may 
fail to do so when the conditions are changed, a 
fact that must be borne in mind in the selection 
of materials for various purposes. 

Iron-rich Alloys {Stainless Steels, etc .).— 
Industrial non-rusting steels fall into two main 
groups: (1) Chromium steels, represented 
typically by ordinary “ stainless steel ” con¬ 
taining 13-14% chromium; these are capable 
of being hardened by quenching from a suitable 
temperature. (2) Austenitic nickel-chromium 
steels containing typically 18% chromium, 8% 
nickel; these alloys cannot be hardened by 
quenching. A third type, more recently 
introduced, contains 16-20% chromium and 
about 2% nickeL As this is non-austenitic it 
resembles the first group in its ability to harden, 
whilst in corrosion-resisting properties it is 
intermediate between groups (1) and (2). The 
typical alloy of the fibret group is similar in 
chromium content to Brearley’s original material 
(1913), but carbon now ranges from 0*1% (the 


so-called “ stainless irons ”) to about 0*3% as 
in stainless cutlery, and methods of heat- 
treatment have been improved. There is con¬ 
siderable evidence that the stainless properties 
conferred by chromium are due to the presence 
of a tenacious oxide film, rich in chromium, that 
is self-healing, provided that environmental 
conditions are sufficiently oxidising, and pro¬ 
vided also that the surfa ce is smooth—preferably 
“ bright-polished.” Ordinary stainless steel is 
highly resistant to tap-water, fruit juices, and all 
oxidising acids (contact with strong nitric acid 
actually strengthens the passive film and 
improves subsecpient resistance), but is readily 
attacked by non-oxidising acids (e.g. hydro¬ 
chloric and sulj^huric), by which the passive film 
is destroyed. I’articles of chlorides as in marine 
atmospheres and of soot in industrial atmo¬ 
spheres are inimical, and the surface should 
therefore bo wiped frequently under such 
conditions. In sea-water its resistance is only 
moderate and it is liable to anodic attack 
when in contact with non-ferrous materials. 

The presence of nickel in the “ 18-8 ” 
austenitic alloy, coupled with the fact that the 
added elements are in solid solution, gives a 
greater range of stability to the invisible passive 
film, and in particular a greatly improved 
resistance to sea-water with freedom from 
electrolytic corrosion in contact with ordinary 
steels and non-ferrous materials. The alloy 
has also an improved resistance to sulphuric 
acid and, although to a much less extent, 

' hydrochloric acid ; further resistance is obtained 
by the addition of molybdenum (typically 
2*5%) and certain other elements. Austenitic 
stainless steels are especially resistant to oxida¬ 
tion at high temperatures, but if they are main¬ 
tained for any length of time at temperatures 
between 500° and 900° (as in welding) they are 
liable subsequently to an intercrystalline type of 
corrosion (” weld decay ”) due to the partial 
rejection of chromium carbide to the grain 
boundaries. The condition can be removed by 
appropriate heat-treatment or, alternatively, 
may be prevented by the addition of small 
amounts of certain elements {e.g. titanium) 
which have the effect of retaining carbides 
in solution; niobium (about 10 times carbon 
content) being less easily oxidised than 
titanium) is recommended for steels that have to 
withstand the most drastic welding treatment. 
Heat-resisting steels have been surveyed, with 
extensive bibliography, by W. H. Hatfield, 
J. Inst. Fuel, 1938,11, 245. 

For large-scale structural work, for which 
stainless steels would be too costly, copper 
steels, containing 0-25 to 0-5% Cu, are available. 
The increased resistance to corrosion (which 
has been identified with the formation of a 
copper-rich surface film) is more particularly 
observed in industrial atmospheres high in 
sulphur dioxide. Rusting is not prevented, but 
it is less destructive in character. Moreover, 
such steels provide an improved bond both for 
paint coatings and for galvanising. Chromium- 
copper mild steels, containing approximately 
1% chromium, 0*5% copper, are stated to show 
improved corrosion-resisting properties over 
ordinary copper steels (see p. 374). 
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High silicon cast irons containing from 13 to 
16% silicon (“ duriron,” “ tantiron,” etc.) are 
much used in chemical engineering for acid 
pumps, etc. Their resistance to sulphuric and 
nitric acids is very high. A similar alloy 
(“ durichlor ”) containing the same amount of 
silicon with 3*6% molybdenum is stated to bo 
especially resistant to hydrochloric acid, its 
relative immunity being very probably due to 
the formation of an insoluble coating of molyb¬ 
denum chloride. (For handling hydrochloric 
acid in chemical engineering practice it is, 
however, generally advisable not to depend upon 
resistant alloys but to use where possible either 
glass-lined or rubber-lined equipment.) Austeni¬ 
tic cast irons, containing typically 14% nickel, 
6 % copper, 2% chromium, have, besides greatly 
improved mechanical properties, a high resist¬ 
ance to many kinds of chemical attack, com¬ 
parable with and sometimes sujjerior to that of 
phosphor bronze (J. G. Pearce, Proc. Chem. 
Eng. Gp., S.C.I. 1934, 16, 91; A. B. Everest, 
ibid. 1937, 19, 69). They have also high 
resistance to oxidation by heat, with freedom 
from “ growth,” to which ordinary cast irons are 
liable after repeated reheatings. 

Nickel’Hch Alloys .—The high resistance 
exhibited by nickel towards many industrial 
liquids, particularly alkalis, is shared markedly 
by its principal alloys. Of these, monel metal 
(a “ natural ” alloy of nickel and copper smelted 
direct from the mixed ore) is the most typical 
and most widely used. It contains approxi¬ 
mately 68% nickel, 28% copper, 2% iron, 
remainder manganese, silicon, etc. Similar 
alloys are prepared synthetically. They are 
characterised by generally good resistance to 
non-oxidising acids, e.g. monel metal is widely 
used for pickling equipment using hot dilute 
sulphuric acid. It is also very suitable for 
superheated steam fittings, pumps, etc. Monel 
metal has only a fair resistance to hydrochloric 
acid (although better than either nickel or 
copper alone); greater resistance is obtained by 
the substitution of molybdenum for copper, and 
this is the basis of certain proprietary alloys 
recommended for use with hydrochloric acid. 
All the “ non-oxidising acids ” have their corro¬ 
sivity greatly increased by aeration. This is 
shown by the following figui*es, due to Thompson 
and McKay (Ind. Eng. Chem. 1923, 15, 1114) 
(for specimens moving at 15 ft. per min. 
immersed in dilute sulphuric acid at 82°C.) : 

Corrosion Kate. 

Mg. per sq. dm. per day. 

Air-free (washed 

with methane). Air-saturated. 
Copper . 43 1,070 

Monel metal 64 700 

The advantage of an “ air-healing ” film as in 
18/8 chromium-nickel steel is shown by the 
further data (Searle and Worthington) quoted 
by Moore and Liddiard (Chem, and Ind. 1935, 
64, 787). 

Loss of wgt., mg. sq. dm. 
per day, in 3% sulphuric acid: 
Oxygen- With oxygen 
free. bubbled through. 

Monel metal . 17 630 

18/8 CrNi steel 442 4 


Alloys of nickel with chromium {see also in 
General article under High-temperature Oxida¬ 
tion) are used in dairy and other food industries 
and in chemical engineering, where high corro¬ 
sion-resistance is required. Inconel ” contains 
approximately 80% nickel, 14% chromium, 6% 
iron. Nickel-rich (chromium-free) alloys are not 
good for oxidising acids {e.g. nitric acid); they 
have, however, extremely high resistance 
(not appreciably reduced by aeration) towards 
alkaline solutions, caustic soda and caustic 
potash. Aqueous ammonia is resisted if dilute, 
but stronger solutions are aggressive, particularly 
towards nickel-copper alloys. (For such con¬ 
ditions ordinary iron or steel, which is com¬ 
pletely passivated by ammonia, may be used). 
Nickel alloys have a very high resistance towards 
sea-water {see ‘‘ copper-rich alloys ”). They 
are sensitive to attack by sulphurous acid 
solutions and by humid atmospheres containing 
traces of sulphur dioxide. 

Copper-Rich Alloys. —Copper-rich aUoys fall 
into two main groups, (1) copper-zinc alloys or 
brasses, (2) alloys of copper with other metals— 
principally with tin (the true bronzes), with 
aluminium (aluminium bronze), and with 
nickel (cupro-nickel). Of these the corrosion- 
resistance of the first group is generally less than 
that of copper, whilst members of the second 
group arc in this reBj)ect at least equal to and 
frequently superior to copper. Whilst the 
brasses, therefore, are generally selected 
primarily for economic or mechanical con¬ 
siderations, additions being made where neces¬ 
sary for increasing resistance to corrosion, the 
resistance of the other alloys is frequently of 
major importance and, together with their 
superior mechanical properties, dictate their 
application in chemical engineering. 

Brass is used extensively as tubes, etc., e.g. 
in evaporators and in condensers. Under 
certain conditions, particularly where insoluble 
corrosion product can accumulate in contact 
with the metal, as, for example, in marine con¬ 
denser tubes, so-called “ dezincification ” may 
occur. The net result is a removal of zinc and 
enrichment of copper, but the process has been 
shown to consist in attack on the alloy as a 
whole followed by redeposilion of copper, with 
consequent weakening of the material. Ue- 
zincification is more prone to occur in 60/40 
brass which contains crystals of a and /3 solid 
solutions (the j9 zinc-rich constituent undergoing 
preferential attack) than in 70/30 brass which 
consists entirely of the a phase. The addition 
of 1% tin as in the Admiralty (70-^29-1) alloy 
confers rather greater resistance, whilst com¬ 
plete immunity from dezincification is obtained 
under many conditions by the addition of 0*01% 
arsenic. .Mother type of rapid attack caused 
by the impingement of an aerated stream of 
water (“ impingement attack ”) has been over¬ 
come by the addition of 2% of aluminium, and 
this material (containing 76% copper, 22% 
zinc) is now widely used for condenser tubes; 
with the further addition of 0-02% arsenic for 
the suppression of dezincification, it has largely 
superseded Admiralty brass for condenser tubes, 
(For further information on marine condenser 
tubes, see references on pp. 381, 382.) 
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The copper-tin alloys find extensive applica¬ 
tion for pumps, valves, etc. and, with the 
addition of a little zinc {e.g. Admiralty gun- 
metal, 88 copper, 10 tin, 2 zinc), for various 
marine and other fittings. Phosphor bronze is a 
copper-tin alloy to which a small amount of 
phosphorus, up to 0*6%, has been added as a 
deoxidiser. They have good general corrosion 
resisting propei ties. The aluminium bronzes 
(copper with 5 to 10% Al), owing to the 
formation of a surface film of aluminium 
oxide, are useful in many conditions, as, for 
example, in contact with hot and cold sulphuric 
acid in moderate strengths; the alumina film 
also enables them to resist oxidation at high 
temperatures. The copper-rich nickel alloj^s 
strongly resemble the corresponding nickel-rich 
alloys in resistance to sea-water corrosion, 
particularly impingement attack {supra)^ and 
cupro-nickel tubes, approximately 70% copper, 
30% nickel, are also widely used in marine 
condensers. 

All the copper-rich alloys are vulnerable to 
nitric acid. Their response to non-oxidising 
acids depends in general upon whether or not the 
solution is aerated. In the ahsence of air, 
high resistance is shown, but severe attack may 
occur if air is admitted (r/. behaviour of copper, 
Thompson and McKay, supra). Resistance to 
caustic alkali solutions is good, but not so good 
08 that of the nickel-rich alloys. The copper- 
rich alloys resemble copper in susceptibility to 
attack by aqueous ammonia and their use 
should therefore be avoided in the presence 
of this reagent. The use of copper alloys in 
chemical engineering has been surveyed by 
S. Baker (Proc. Chem. Eng. Gp. S.C.I., 1937, 
19,41). 

Aluminium and Magnesium Alloys .—Whilst 
the use of aluminium and magnesium alloys is 
most commonly dictated by considerations of 
lightness and “ strength-weight ratio,” their 
resistance to corrosion may assume great 
importance, as, for example, in aircraft exposed 
to sea-spray. Aluminium differs from the i 
metals previously discussed in that its highest { 
corrosion resistance is characteristically ex¬ 
hibited in the unalloyed state ; this is because 
of the continuity of the thin cuvoring film of 
oxide to which the metal owes its normally good 
corrosion resistance, notwithstanding its intrin¬ 
sically reactive character. Recent develop¬ 
ments in the industrial electrolytic refinement of 
aluminium have led to a product of highest 
purity (exceeding 99-99%) from which extra¬ 
ordinarily high resistance to chemical attack by 
acids and by sea-water has been reported (R. 
Gadeau, Chem. et Ind. 1936, 34, 1021). Certain 
of the aluminium alloys having maximum 
strength, duralumin, etc. (see previous volume 
under ” Aluminium ”) contain such aUoying 
elements as copper and zinc which reduce the 
efficiency of the natural protective film; such 
alloys are best treated by the anodic oxidation 
process or by a ” metal-cladding process ” {see 
under “ Protection by Coatings,” infra). Mag¬ 
nesium and silicon, however, have a much less 
injurious effect on the natural film and certain 
alloys containing these elements are much used 
for atmospheric and sea-air conditions; examples 


are “ Mg7 ” and “ Hydronalium ” (approxi¬ 
mately 7% magnesium). The addition of small 
amounts of antimony as in the German “ K.8. 
Seewasser ” alloy is claimed actually to increase 
(by formation of antimony oxychloride) the 
resistance of the natural film to sea-water. In 
alloys of the duralumin type the presence of 
copper confers valuable age-hardening pro¬ 
perties, but such alloys, if the necessary heat- 
treatment has been imperfectly conducted, are 
liable to undergo intercrystaUine corrosion, 
particularly in marine atmospheres. Aluminium 
and its alloys are used over a wide range of 
conditions, structural, architectural, industrial, 
and domestic. For cooking utensils they have 
the advantage of complete non-toxity. Owing 
to the solubility of aluminium in alkalies, alkaline 
conditions should in general bo avoided; for 
the cleaning of aluminium utensils ordinary soda 
j should bo replaced by preparations containing 
I sodium silicate which is much less harmful. 

The greater lightness and favourable strength- 
weight ratios of magnesium-base alloys (e.g, 
‘‘ elektron ” types ranging from 90 to 96% 
magnesium, with additions mainly of aluminium, 
manganese, and zinc) have encouraged their use 
within recent years. The readiness, however, 
with which magnesium oxidises superficially is 
not offset, as with aluminium, by the resistance 
of the oxide film towards marine atmospheres; 
moreover, attempts to produce a protective type 
of oxide film by anodic processes, as for alumin¬ 
ium, have so far proved unsuccessful. Other 
protective coatings are available {see “ Protec¬ 
tion by Coatings,” infra) that will resist severe 
salt-spray conditions, but at present there is 
considerable reluctance to displace the usual 
aluminium alloys for aircraft, although in other 
directions the use of magnesium alloys appears 
to be extending. Magnesium and magnesium- 
base alloys have extraordinary resistance to 
hydrofluoric acid (through formation of an 
insoluble film of magnesium fluoride) and also 
(in contrast with aluminium) to alkalis and 
alkaline solutions. Other data are given by 
L. Whitby (Ind. Chem. 1931, 10, 203). Alloys 
of the light metals have been surveyed by C. H. 
Desch (Proc. Chem. Eng. Group, S.C.I. 1937,19, 
79). 

Lead Alloys .—The corrosion-resistance of 
lead, which under many conditions is the main 
criterion determining its use, is associated, in 
contradistinction to aluminium, with a relatively 
low ‘‘ intrinsic ” reactivity ; like aluminium, 
however, the freshly-cleaned metal becomes 
rapidly covered with a film of oxide which has 
marked protective properties (Vernon, Trans. 
Faraday Soc. 1927, 23, 156). In contact with 
sulphuric acid this film is converted to relatively 
insoluble lead sulphate which protects the under¬ 
lying metal from further attack, hence the great 
value of lead in the sulphuric acid industry. 
For this purpose high purity is essential, since 
most additions would impair the continuity of 
the film; a recent B.S.I. specification for 
” Type A chemical lead ” requires not more 
than 0-01% total impurity. The addition, 
however, of 0-06% tellurium (advantageous for 
mechanical reasons) is stated to increase greatly 
the resistance of lead, and also of lead-antimony 
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alloys, to sulphuric acid (Singleton and Jones, 
J. Inst. Metals, 1933, 51, 71). Type B “hard 
lead ” alloys contain usually from 10 to 15% 
antimony; they are much used in chemical 
plant, particularly for acid pumps. Alloyed 
with 10 to 26% tin, lead is used as a covering 
for iron (“ terno plate ”) for roofing purposes 
(6ee p. 374). For cable sheathing, water-pipes, 
etc., lead is usually strengthened by certain 
additions, e.g. small amounts of antimony or tin, 
or traces of calcium ; high-strength ternary 
alloys, containing cadmium (0-26%) with 
either tin (1-6%) or antimony (0-6%), and 
characterised by freedom from intercrystalline 
failure to which pure lead is liable under con¬ 
ditions of vibration, have been developed in this 
country (S. J. Nightingale, Ilev. Kept. I).3, 
Brit. Non-ferrous Met. Res. Assoc. 1931). 
None of these additions, however, appears to 
affect appreciably the corrosion-resistance under 
soil conditions (^ee “ Corrosion by Soils,” p. 384) 
A similar conclusion probably holds good for 
most water conditions also; for example. 
Nightingale, ibid. ; F. Mayer, “ Wiener lioch- 
quellwasser und Bleirohre,” Berlin, 1934. 
Nevertheless, the susceptibility of lead to 
corrosion in soils containing decaying organic 
matter, and the “ pliimbo-solvency ” of lead in 
certain natural waters must bo borne in mind. 
The behaviour of lead and lead-base alloys 
towards natural waters has been surveyed, with 
extensive bibliography, by H. Ingleson (D.S.I.H. 
Water Poll. Res, Te(4i. Paper No, 4, London, 
H.M.S.O., 1934). Reference has already been 
made (p. 374) to the need for avoiding contact 
w'ith oak; it is also desirable to insulate lead 
{e.g. by bitumen-impregnated felt) from cotitact 
wuth cement, which, in presence of moisture, 
may cause serious corrosion (B.S.I.R. Building 
Res. Bull. No. 6 (3rd ed.), London, H.M.S.O., 
1935). 

2'in Alloys .—For economic and other reasons 
tin is most widely used in the form of coatings 
on iron and copper, tinplate as used in the can¬ 
ning industry being the outstanding representa¬ 
tive ; familiar exceptions are tinfoil for the 
wrapping of foodstuffs, block tin for condensers 
(distilled water) and for the handling of 
beer, sheet tin for collapsible tubes (dental 
pastes, etc.). The principle tin-rich alloys are 
Britannia metal and pewter; formerly Britannia 
metal contained from 5 to 8% antimony, and 
pewter from 8 to 15% lead. Modem pewter, 
however, contains typically 5% antimony, 1 to 
3% copper, and no lead. From the corrosion- 
resisting stand-point T. P. Hoar (J. Inst. Metals, 
1934, 65, 135) has shown that the presence of 5% 
antimony is desirable, but suggests that the 
further addition of 1 to 3% copper is dele¬ 
terious. 

Silver Alloys ,—The application of silver and 
silver-rich alloys in chemical engineering is 
naturally limited by economic considerations, 
but a number of practical uses, particularly for 
^sistance to attack by alkalis, both fused and 
in solution, has been described by D. McDonald 
(Proc. Chem. Eng. Group, S.C.I. 1931, 13, 60). 

“ Sterling silver ” (92*6% silver, 7*6% copper) 
widely used for silver plate and ornamental work, 
is prone to discolour by tarnishing through the 


action of traces of sulphur compounds in the 
atmosphere. Reflectivity measurements (Ver¬ 
non, Trans. Faraday Soc. 1924, 19, 882) showed 
a reduced amount of tarnishing on sterling silver 
containing 1-75% cadmium, provided that the 
surface was brightly polished. H. A. Sloman 
(J. Inst. Metals, 1934, 54, 161) found that the 
addition of as little as 0*5% beryllium to silver- 
copper alloys approximating in composition 
to sterling silver conferred a marked degree of 
immunity to tarnishing under quite drastic 
conditions, owing to the formation of a protec¬ 
tive self-healing film of beryllia. 

Zinc Alloys .—Although alloys in which zinc 
is the main constituent have little application as 
corrosion-resisting alloys there are cases in which 
corrosion becomes an important factor in deter¬ 
mining their use. An example is that of the 
zinc-base die-casting alloys (approximately 
4% aluminium) which, unless special attention 
is given to the purity of the materials, are subject 
to a form of intercrystalline corrosion, par¬ 
ticularly under warm, humid conditions. The 
action is accompanied by a dimensional change 
or “ growth ” (for discussion, see Russell, Good¬ 
rich, and Cross, J. Inst. Metals, 1928, 40, 239); 
this growth is probably caused by oxidation of 
zinc at the grain boundaries, hence the high 
oxide/metal volume ratio of zinc (p. 369) would 
bo expected to contribute to mechanical failure. 
Minute traces of impurity (particularly lead) 
are primarily responsible and no trouble what¬ 
ever is experienced when zinc of the highest 
purity (exceeding 99-99%) is employed. For 
zinc used as a protective covering to iron imder 
urban atmospheric conditions the presence of 
lead is advantageous (W. S. Patterson, J.S.C.I. 
1927, 46, 392) no doubt owing to the accumula¬ 
tion of relatively insoluble lead sulphate in the 
product. 

References (Books dealing with Corrosion- 
resistant Alloys): J. H. G. Monypenny, 

“ Stainless Iron and Steel,” 2nd ed., 1931, 
Chapman and HaU, London; McKay and 
Worthington, “ Corrosion Resistance of Metals 
and Alloys,” 1936, Reinhold Publishing Cor¬ 
poration, New York. See also works recom¬ 
mended under Corrosion, General (p. 368). 
Moore and Liddiard, ” Corrosion-resisting Non- 
ferrous Alloys,” J.S.C.I. 1935, 54, 786. 

(3) Protection by Coatings. 

Protective coatings may be classified according 
as they have or have not a chemical bond with 
the underlying metal. The former include 
both “ natural ” and artificially stimulated 
coatings of oxide and certain corrosion products. 
The latter comprise chiefly (a) paints, varnishes, 
and such-like, (6) metal coatings. 

Natural Protective Coatings. —A number 
of commonly used metals have appreciable 
resistance to corrosion by virtue of a film of 
oxide with which they are normally covered. 
Aluminium, for example, has a heat of oxidation 
among the highest of the common metals and 
yet is comparatively stable under many con¬ 
ditions. The formation of invisible oxide films 
on iron and copper has already been discussed; 
the “ stainlessness ” of stainless steel is due to 
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the presence of a tenacious oxide film that is self- 
healing under slightly oxidising conditions. 
Such invisible protective films may not in¬ 
appropriately be called “ natural varnishes.” 
A feature common to them all is that the pro¬ 
tection breaks down, sometimes spectacularly, 
if the external conditions alter in such a way that 
the oxide film cannot be maintained. 

A good example of a “ natural paint ” is 
provided by the green patina on copper. This 
is a genuine corrosion product and is character¬ 
istic of attack by air charged either with salt 
spray at the seaboard or with traces of com¬ 
bustion products inland, the essential consti¬ 
tuent being basic copper chloride or basic 
copper sulphate, the latter, however, being 
much the more widely distributed {see under 
General article). The protective character 
of the patina is probably due largely to the 
continuity and insolubility of these basic com¬ 
pounds, although there is some evidence that a 
thin film of cuprous oxide, which is invariably 
found beneath the green deposit in immediate 
contact with the metal, plays an important part. 
Unfortunately, it is the exception for a natural 
corrosion product to behave in this way ; 
frequently its presence encourages further 
attack on the underlying metal. 

Artificial Coatings Reinforcing or Simu¬ 
lating Natural Protective Coatings.— 
Protective coatings of oxide may be produced by 
thermal, chemical, or electrochemical treatment. 
An old-established example of the thermal 
method is that of the Bower-Barff process for 
iron and steel, with its various modifications 
(Gesner, Bontempi, etc.) the essential part of 
which consists of heating the metal with super¬ 
heated steam. Copper and copper-rich alloys 
may be protected against tarnishing by thin 
films of oxide produced by low-temperature 
heating in air (Vernon, J.C.S. 1926, 2273); 
these may either retain essentially the original 
appearance of the metal or, according to 
temperature and time of heating, give pleasing 
interference colours that are highly permanent 
as distinct from films of sulphide of similar initial 
appearance. Immersion in an oxidising liquid 
is sometimes employed, as, for example, the 
“ chromate ” dip for magnesium and the 
M.B.V. (Modified Bauer-Vogel) process for 
aluminium; but such coatings have the dis¬ 
advantage that they are necessarily very thin. 

The industrial importance of aluminium and 
its alloys led to various attempts to increase the 
thickness of the natural oxide film by electro¬ 
chemical means. The first process for the 
anodic oxidation of aluminium was patented in 
1924 by Bengough and Stuart, under the 
Department of Scientific and Industrial 
Research. In this process the metal is made the 
anode in a 3% solution of chromic acid at about 
40°C., using a neutral cathode, usually of stain¬ 
less steel ; it is largely used for the protection 
of duralumin in aeronautical work (Sutton and 
Sidery, J. Inst. Metals, 1927, 28, 24). Recent 
developments have been described by R. W. 
Buzzard (J. Res. Nat. Bur. Stand. 1937,18, 251). 
The process can be applied to other aluminium 
alloys containing not more than 4% copper, and 
the alumina coating (which contains incorporated 


chromium oxide) has good resistance to wear as 
well as corrosion. It also has the property of 
acting as a mordant for dyes, and articles so 
treated may receive coloured finishes by immer¬ 
sion in suitable dye solutions; alternatively the 
protection may be reinforced by lanoline or 
varnish, for which the coating provides an 
efficient bond. An advantage of the anodic as 
compared with cathodic methods of protection 
is that whereas large and inaccessible areas can 
readily be made anodic, there is great difficulty, 
as already pointed out (p. 387), in rendering a 
large area effectively cathodic. More recently 
other anodic processes have been introduced 
with the more particular object of increasing 
the intensity of the colours for decorative 
purposes, but this object is achieved at the 
expense of somewhat reduced efficiency on 
account of the increased porosity of the coating. 
These processes depend on the use of two main 
alternative electrolytes, solutions of sulphuric 
and oxalic acids respectively (“ Alumilite ” and 
Eloxyl processes). Duplex baths containing 
chromic acid are also used; other patented pro¬ 
cesses employ small amounts of inorganic salts 
for the production of coloured or black coatings. 
The treatment is followed by application of 
“ sealing compounds ” for the purpose of 
fixing the colour and increasing resistance to 
corrosion. 

Corrosion products other than oxide films are 
not often sufficiently protective to warrant their 
stimulation by artificial methods. The green 
patina on copper is exceptional, and here the 
desire for the rapid production of the patina 
arises also from its {esthetic value and the 
long period of some 10 or 20 years normally 
required for its development. An interesting 
artificial method (Vernon, J. Inst. Metals, 1932, 
49, 153; see also Freeman and Kirby, Metals 
and Alloys, 1932, 3, 190) is that in which the 
specimen is made the anode in an electrolytic 
bath kept at 95®C. and containing magnesium 
sulphate and hydroxide, with potassium brom- 
ate as oxidising agent. In as short a time as 
15 minutes (or even sooner with appropriately 
high current density) a green patina is produced, 
which, however, at first consists of a basic 
sulphate, CuS 04 'Cu( 0 H) 2 , analogous with 
malachite. On subsequent exposure, the colour 
is maintained, whilst the basicity increases in a 
similar manner to that of the natural patina 
{supra), A further method (Vernon and 
Stroud, B.P., 1938, under Department of 
Scientific and Industrial Research), consisting of 
spraying the surface with thionyl chloride or 
other chlorine derivative of sulphuric acid, has 
the advantage that it can be applied in situ to a 
surface already blackened by exposure. 

More commonly, nature is imitated in the 
spirit rather than the letter by the development 
of a reaction product which, whilst protecting 
the underlying metal, finds no counterpart in 
any natural process. Such, for example, is the 
case with the various phosphate coatings on iron 
and steel. These originated in 1906 in the pro¬ 
cess of Coslett (Birmingham), whereby the 
articles were treated in a hot solution of 
phosphoric acid to which iron filings were added. 
“ Parkerising,” employing a solution of iron 
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and manganese phosphates, gives a protective 
and decorative (blackish) coating having many 
practical applications. “ Bonderising ’* (much 
used in the automobile industry) is similar, but 
the bath contains substances that greatly speed 
up the reaction and the coating is used mainly 
for increasing the adhesion and permanenee 
of a subsequently applied paint or varnish. 

The protection of magnesium and magnesium 
alloySy of importance in aeronautical con¬ 
struction, is limited almost entirely to chemical 
methods, with or without the subsequent appli¬ 
cation of paint. The “ I.G. chromate dip ” 
employs a hot solution of sodium dichromate in 
nitric acid, producing a yellowish iridescent 
film, the protective value of which is limited. 
A development of this is the alum-dichromate 
process of Sutton and Le Brocq (J. Inst. Metals, 
1931, 46, 53; 1935, 57, 199). The selenising 
process of Bengoiigh and Whitby {ibid. 1932, 48, 
147 ; Trans. Inst. Cheni. Eng. 1933, 11, 176; 

D. S.I.R. B,ep. Chem. Res. Board, 1934-7, 
London, H.M.S.O., 1938) involves immersion of 
the metal for a few minutes in a solution of 
selenious acid or acidified sodium selenite and 
produces a surface film of selenium which has 
considerable self-healing properties. Under test 
with sea-water spray the difl'erence in behaviour 
between coated and blank specimens is spec¬ 
tacular, for the latter may disappear entirely 
whilst treated specimens remain comparatively 
unaffected. In both the alum-dicliromate and 
the selenium processes (both of which are 
covered by British patents) the coating appears 
to find its most promising application as a base 
for paints. 

Reference (Natural and Artificial Films).— 

E. S. Hedges, “ Protective Films on Metals,” 
2nd ed., Chapman and Hall, London, 1937. 

Paint and Allied Coatings. —The preserva¬ 
tion of iron and steel by moans of paint, for 
which, according to Jordan and Whitby (infra) 
some 40 million gallons of paint are used annually 
in Great Britain alone, involves many factors 
associated both with the paint and with the 
metal. A paint system is complex and its 
components—pigment, vehicle, thinner and 
drier—are interdependent in their contributions 
to the properties of the w^hole. It is usual, 
however, to classify protective paints according 
to the effect which the pigment may be expected 
to have per se on the corrosion of iron. Three 
types may be recognised, according as corrosion 
is likely to be (1) inhibited, (2) unaffected, 
(3) stimulated, by the pigment alone. 

Characteristic examples of inhibitory pigments 
are provided by chromates {e.g. basic load 
chromate, zinc chromate) and in this case the 
mechanism almost certainly resembles that of 
similar inhibitors in immersed corrosion, tending 
to render the iron passive. They are most usefully 
employed as “ priming paints,” in immediate 
contact with the metal. By far the most widely 
used primer is red lead, but here the passivating 
effect is probably supplemented by the forma¬ 
tion, by reaction with the Unseed oil, of lead 
compounds of high molecular weight which 
serve to cement the particles of pigment 
together. In practice, litharge normally present 
in commercial red lead is mainly responsible for 


this reaction. “ Non-setting ” red lead, having 
the minimum content of litharge, has been 
deprecated for corrosion-protection, particularly 
of ships’ hulls (A. McCance, Trans. Inst. Eng. 
Scotland, 1936, 333); on the other hand, J. C, 
Hudson states (Proc. Chem. Eng. Group, S.C.I. 
1937, 19, 32) that satisfactory results have 
been obtained from non-setting red lead in the 
Iron and Steel Institute Corrosion Committee’s 
tests. Probably the desideratum is a com¬ 
promise in w^hich the optimum proportion of 
inhibitory and setting capacity (depending on 
the type of work to be protected) shall be 
retained. For many purposes red lead may be 
safely diluted by the addition of varying pro¬ 
portions of inert “ extenders,” e.g. barytes, 
or asbestine. 

Priming paints usually need to be reinforced 
by a top coating either for the purpose of healing 
mechanical defects in the undercoat or by 
effecting a more efficient exclusion of the 
surrounding liquid or atmosphere. For this 
purpose pigments of either groups (2) or (3) 
may be used. Red iron oxide is used extensively 
and confers good durability. Intrinsically 
neutral in character it may function either as an 
inhibitor or stimulator according as it is 
associated with alkafine or acid impurities from 
its manufacture. Recent developments include 
the use of red iron oxide with red lead or zinc 
I chromate (mixed pigment) to give a combined 
priming and finishing coat. White lead (basic 
lead carbonate) and zinc oxide have mild 
inhibitive properties, but are more appropriately 
included with pigments of the second class; 
excellent as finishing coats for many purposes, 
they should not be used as primers where 
corrosion conditions are severe. The essentially 
chemical and physical mechanisms underlying 
protection by red lead and red iron oxide have 
been shown by laboratoiy experiments (Lewis 
and Evans, J.S.C.I. 1934,* 53, 29) and by field 
tests (Britton and Evans, J.S.C.I. 1932, 41, 215); 
they have also been demonstrated by an electro¬ 
chemical method (time-potential curves) by 
Bums and Haring (Trans. Electrochem. Soc, 
1936, 69, 169). 

Pigments of the third class include such 
substances as graphite and certain metallic {e.g. 
bronze) pigments, which, on account of their 
cathodic nature, cannot normally bo employed 
in direct contact with the metal. Their value 
lies either in their good w^eathering properties 
or in their ability to exclude moisture, and 
hence they are employed with advantage 
as finishing coats. In the case of graphite, 
exclusion of moisture is duo largely to the 
“ flakey ” nature of the particles, the flakes lying 
on the surface with their long axes parallel to the 
metal. This property is also possessed by 
micaceous iron ore, a neutral pigment that is 
stated to be specially resistant to tropical con¬ 
ditions. Aluminium in the metallic condition 
might be expected to undergo “sacrificial 
corrosion ” in contact with iron, but in practice 
the particles are probably sufficiently oxidised 
to render them neutral in character ; they also 
have the advantage, to an even more marked 
extent than graphite, of a “ flaky ” or “ leafy ” 
nature. Metallic lead pigments are relatively 
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inert and are highly durable under most con¬ 
ditions. 

Of available media, linseed oil is by far the 
most widely used. Heat-treatment of the oil 
reduces the permeability of the paint film to 
water vapour and also its liability under certain 
conditions to act as a depolariser for nascent 
hydrogen and hence to facilitate corrosion. 
Moreover, the alkali reproduced at cathodes 
during corrosion in salt solutions is more likely 
to produce “ alkaline peeling *’ of the paint film 
if raw, and hence more saponifiable oil is em¬ 
ployed. Permeability to water vapour may be 
still further reduced by the addition of certain 
gums, waxes or resins. For special purposes, 
where high permeability to water is required, 
tung oil may be wholly or partially substituted 
for linseed oil. For most oil paints there is 
probably an optimum ratio between medium and 
pigment content (J. N. Friend, J. Oil Col. Chem. 
Assoc. 1922, 5, 276), but if the pigment is in- 
hibitive (c.g. red lead) rather than non-inhibitive 
{e.g. red iron oxide) lower proportions are 
permissible without detriment to corrosion- 
protection (Britton and Evans, J.S.C.I. 1932, 51, 
21 IT). Jordan and Whitby (infra) recommend, 
however, even with inhibitive primers, a pig¬ 
ment concentration as high as is consistent with 
penetration of the paint into all crannies and 
irregularities. The proportion of “ thinner ” 
(if this is the usual turpentine or alternatively 
white spirit) is important from the corrosion 
protection stand-point probably only in so far 
as it controls the thickness of the resulting 
paint film. “ Drying of the linseed oil in a 
paint film is catalysed by the “drier ” (certain 
compounds of lead, cobalt, or manganese) of 
which no more should be used than is necessary 
to ensure the drying of the paint within a 
reasonable time, depending on the conditions of 
exposure. A greater proportion of carefully 
selected driers is usually employed in paints for 
under-water service (see under “ Corrosion of 
Metals—Corrosion of Ships’ Hulls,” supra). 

The preparation of the metal surface previous 
to painting is of greatest importance. If the 
paint coating is to have maximum life, all mill- 
scale or rust should be removed. The danger of 
mill-scale is its liability to peel on exposure carry¬ 
ing with it en bloc the overlying paint. As, 
however, the scale is itself intrinsically resistant, 
there is hope of progress in the production of a 
thin scale that will have no tendency to peel. 
The danger of rust lies in its hygroscopic and 
adsorptive character. If electrolytes are present 
on the surface beneath the paint film this may 
act as a membrane through which moisture may 
pass osmotically from outside, even though the 
paint may be thoroughly dried before exposure 
(Bartell and Van Loo, Ind. Eng. Chem. 1925, 
17, 1052). Removal of scale may be effected (1) 
naturally, by weathering, (2) mechanically, by 
sand blasting (wire-brushing is more suitable for 
the removal of rust), (3) chemically, by pickling 
processes. Insufficient weathering often causes 
trouble, since the flaking of residual scale may 
continue after the paint is applied. Sand blast- 

^ For the chemistry of the dryinR process and of 
paints generally articles on “Paint” should he con- 
SWlted. 


ing has certain limitations, but has the obvious 
advantage of rapidity. J. C. Hudson (Vth Rep. 
Corr. Ctte. Iron and Steel Inst. 1938) states 
that pickling, as compared with partial weather¬ 
ing and careful hand-cleaning, increased the 
life of paint films by more than 150%. Pickh'ng 
is usually carried out in a hot dilute solution of 
either hydrochloric or sulphuric acid, preferably 
the latter, with the addition of an inhibitor for 
the purpose of confining the attack to the scale 
and protecting the metal itself. Adequate wash¬ 
ing, preferably in water contaiaing alkali, 
should follow pickling. The use of j)liosphoric 
acid, at suitable dilution and temperature, has 
been advocated on the grounds that it loaves a 
film of basic iron phosphate, which increases the 
adhesion of paints, and washing may then bo 
dispensed with. Alternatively, scale may be 
removed bj^ the cheaj)er sulphuric acid, and a 
smaller amount of phosphoric acid applied 
after an intermediate washing (ll. B. Footner, 
Vth Kep. Corr. Ctte. ibid. 369). In any case 
the surface should be thoroughly dry before 
painting is commenced. Moreover, adequate 
time should be allowed for any coat of paint 
to “ dry ” or set before the succeeding coat is 
applied. The foregoing remarks have referred 
particularly to iron and steel surfaces. The 
painting of non-ferrous metals may present 
special considerations, usually in the direction of 
providing a suitable chemical bond to ensure the 
adhesion of the paint; certain available methods 
have been discussed above. Trouble is 
frequently experienced in the painting of 
galvanised surfaces (hot-dipped zinc coatings); 
this may be overcome either by a preliminary 
weathering of the sheets, or by a suitable 
etching treatment (Vth Rep. Corr. Ctte., ibid. 
303); see also Hot-dipping Processes”, p. 396. 

Grease Coatings and Slushing Compounds .— 
For the temporary protection of iron and steel 
articles, machine parts, etc., during fabrication 
or storage, coatings of grease are employed 
which may subsequently bo removed by an 
organic solvent. For this purpose lanoline is 
especially efficaceous and is usually emplo 3 '^ed 
in the form of solution in white spirit or solvent 
naphtha, the evaporation of which leaves the 
grease film uniformly distributed. Alternatively 
the grease may be applied in the form of an 
emulsion with an aqueous solution of sodium 
dichromate, or even with soap solution, such 
mixtures being generally known as “ slushing 
compounds.” 

References (Paint Coatings).—Jordan and 
Whitby, “ The Preservation of Iron and Steel 
by Means of Paint,” 1936, Research Association 
of British Paint, Colour, and Varnish Manu¬ 
facturers, Sixteenth Bulletin; L. A. Jordan, 
“ The Preparation of Metal Surfaces for Paint¬ 
ing,” Chem. and Ind. 1937, 66, 361. (For 
Protection of Ships’ Hulls, including Anti- 
Fouling Preparations, ^ee Corrosion, General, 
p. 382, 383). 

Lacquers and Varnishes. —For protection 
against tarnishing of polished surfaces, e.g. of 
copper and silver and their alloys, transparent 
films of lacquer or varnish are employed. 
Formerly a natural resin (usually shellac) 
was the invariable component; in a “ iacquer ** 
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this was dissolved in a volatile solvent (e.gr. 
methylated spirit) the rapid evaporation of 
which yielded a film dry to the touch very 
quickly after application; in a “ varnish ” the 
medium was a drying oil (incorporated by heat- 
treatment) the setting of which occupied a much 
longer time, the resulting film, however, being 
tougher and more elastic. Whilst this distinc¬ 
tion between a lacquer and a varnish is still 
roughly true, natural resins are now very 
largely supplemented by a wide range of so-called 
synthetic resins. (For detailed information, see 
“ Synthetic Resins and Allied Plastics,*’ by 
Barry, Britton, Langton, and Morrell, London, 
Oxford University Press, 1937. Also “ Modem 
Developments in Plastics,” by Sir Gilbert 
Morgan, Chemistry and Industry, 1937, 56, 103). 
These were at first of phenol formaldehyde type, 
available only in the form of the simple spirit 
solution (e.gr. ” Novolak ”) but many types of 
oil-soluble resins are now employed in the 
manufacture of protective varnishes. Certain 
of the modified phenolic derivatives find use 
in protecting metal surfaces against industrial 
fumes. They are also used as stoving lacquers 
for the protection of tinplate against acid 
juices, their freedom from odour and taste 
rendering them particularly valuable for the 
purpose. A. F. Brockington (J. Electro¬ 
depositors’ Tech. Soc. 1937, 12, 133) states, 
however, that the modified alkyd types of phenol 
aldehyde resins are seldom used in the un- 
pigmented state on metals since they have an 
acid reaction and tend to tarnish copper and 
brass during stoving. Other oil varnishes 
employing synthetic resins (e.g. those obtained 
from polystyrene and coumarone) have good 
alkali-resisting properties. 

” Cellulose lacquers ” consist usually of a 
solution of cellulose nitrate in a mixture of 
solvents (amyl acetate, etc.), but in modem 
practice either natural or synthetic resin is 
usually incorporated for the purpose of improv¬ 
ing the adherence and gloss of the dried film. 
The mixture also includes, in common with 
other “ cold lacquers,” a certain proportion of 
higher alcohols, their function being to prevent 
too rapid volatilisation of the solvent with 
consequent blooming ” or “ blushing ” of the 
film; this term refers to a defect caused by 
precipitation of moisture when a lacquer is 
applied under humid conditions. Cellulose 
lacquers, commonly applied by spraying, are 
particularly suited for highly polished surfaces. 
Both cellulose and gum lacquers may be tinted 
with suitable dyes. The varnish-like nature of 
certain invisible oxide films (p. 392) may be 
recalled; it has been suggested (Vernon, Res. 
Rep. Brit. Non-ferrous Met. Res. Ass., Nov. 
1927, 9) that the production of such films by 
heat-treatment (c.g. on brass) might with 
advantage precede the application of lacquer, 
thus reinforcing the protective effect (partly by 
providing a better chemical ” bond ”) whilst 
retaining the natural colour of the original 
surface. The application of lacquers and 
varnishes to thicker (visible) films produced by 
chemical treatment is common practice; they 
may either supplement the protective effect of 
the primary coating protection of aluminium 


and magnesium alloys, p. 392) or they may 
serve to protect a decorative coating (as pro¬ 
duced in certain metal-colouring processes) 
which itself may have little protective value. 

The lacquering or varnishing of tinplate for 
food containers has for its object not so much the 
supplementing of the protection of iron by tin 
as the suppression of certain reactions between 
tin and fruit juices which may cause either 
blackening of the tin or discoloration of the juice. 
Indirectly, indeed, the lacquer coating, if 
imperfect, may lead to local attack on the tin, 
and by concentrating the attack at the weak 
places may bring about the perforation of the 
container. Walker and Lewis (J. Ind. Eng. 
Chem. 1909, 1, 754) suggested that in such 
cases a varnish film might, by acting as a 
hydrogen acceptor, facilitate the depolarisation 
of hydrogen even in the absence of oxygen and so 
accentuate the anodic attack on the adjacent 
bare places. Morris and Bryan (D.S.I.R. Food 
[ Investig. Reps. 1933, 145) conclude that the 
lacquer film in modem practice is inert although 
the tin coating beneath may play some part 
electrochemicaliy. They recommend (idtd. 1935, 
169) supplementing the usual pre-fabrication 
lacquering of the tinplate with a final lacquering 
of the can interior with a quick-stoving lacquer. 

Chlorinated rubber has within recent years 
received considerable attention as a protective 
coating (G. Schultze, Korr. u. Metallschutz, 
1936, 12, 249; J. P. Baxter, Chem. and Ind. 
1936, 55, 407). In the form in which it is 
typically applied—a solution in xylene or other 
solvent with incorporated plasticisers such as 
certain chlorinated hydrocarbons—it is analo¬ 
gous to a synthetic resin lacquer. Pigments 
may, however, be added, with or without a 
proportion of drying oil (e.g, tung oil) and hence 
certain mixtures resemble oil paints. The 
essential feature of the chlorinated rubber 
coating, besides its high elasticity, is its capacity 
of giving a high resistance to chemical attack, 
both acid and alkali; it appears to be well 
suited for under-water protection, particularly 
under tepid conditions, as in thermostats, etc. 

Bituminous Coalings .—The simple ‘‘ bitumin¬ 
ous paints ” are not true paints as previously 
defined. They consist of either natural asphalt or 
pitch (petroleum residual or coal tar) dissolved in 
a volatile spirit {e.g. white spirit, solvent naphtha, 
etc.) so that drying, as distinct from the 
” drying ” of an oil paint, consists merely in the 
evaporation of the solvent. Such bituminous 
coatings afford good protection to iron and steel, 
sometimes under conditions such as would be 
deleterious to ordinary oil paints (e.gr. atmo¬ 
spheres polluted by chemical fumes); they are, 
however, adversely affected by excessive sun¬ 
light. They are widely used for structural work, 
for which purpose they are improved both 
aesthetically and in durability by pigmentation, 
particularly with aluminium powder. Excellent 
results, for example, have been quoted for the 
use of tar paints containing 12 to 15% aluminium 
(Vth Rep. of Corr. Ctte., Iron and Steel Inst. 
1938, 320); the aluminium floats to the surface 
of the film which, when dry, has practical 
the same appearance as an aluminium paint 
proper. A modification of bituminous paint. 
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using bitumen together with drying oil additions, 
the coating being “ stoved ” after application, 
results in black “ japan.” For the protection 
of pipelines underground, coal-tar pitch, the 
basis of the well-known “ Angus Smith com¬ 
pound,” is extensively employed. The original 
patent (1848) specified the use of linseed oil as 
an addition to the pitch to obtain the right 
consistency and elasticity. In modem practice 
the pipes are heated and immersed in the molten 
bath of refined coal-tar pitch (sometimes with 
certain ” filler ” additions) and frequently the 
coating is reinforced with hessian or similar 
material. Damage to this protective coating in 
transit from the mill to the trench may result 
in local failures in service. For marine con¬ 
ditions, J. N. Friend (D.S.l.R. “ Deterioration 
of Structures in Sea-water,” XVth Rep. Ctte. 
Inst. Civ. Eng. 1935, 85) reports excellent 
results from the use of coal-tar coatings on iron 
and steel, and states that coal-tar from horizontal 
retorts was superior to that from vertical retorts, 
whether applied hot or cold; it was improved 
by the addition of slaked lime {see also “ Corro¬ 
sion and Protection of Ships’ Hulls,” p. 382). 
” Bituminous Materials in Paint ” have been 
surveyed by L, A. .Jordan (Res. Assoc. Brit. 
Paint Manufac. 14th Bull. 1935); see also 
Jordan and Whitby, 1936, supra. 

Metal Coatings. —The non-ferrous metals 
most commonly applied in the form of thin 
coatings for the protection of iron and steel are 
aluminium, lead, tin, and zinc. Methods of 
application include either purely metallurgical 
processes (rolling, hot-dipping, cementation, 
spraying) or electro-deposition. 

‘‘ Rolled-on ” Coatings. —In the ” old SheflSeld 
plate ” process (rendered obsolete by the intro¬ 
duction of silver plate) thin sheets of silver were 
beaten on to copper, the operation being 
assisted by heat. Within recent years the prin¬ 
ciple has been revived in “ metal-cladding ” 
processes. Thus, copper-clad and nickel-clad 
steels are produced by rolling or drawing a 
heated billet of steel “ sandwiched ” between 
plates of the protecting metal. Aluminium-clad 
steel has been proposed as a substitute for tin¬ 
plate in the canning of foodstuffs. A promising 
development is the rolling of a veneer of stainless 
steel on to an ordinary steel base. Aluminium 
alloys of the duralumin type (having high 
strength but a 8U8ce])tibLlity to intergranular 
corrosion from which the weaker aluminium is 
free) are similarly covered with pure aluminium. 
The duplex material (American ” Alclad,” 
British “ Aldural,” German “ Allautal ”) is 
used extensively in aircraft. Alternatively (as 
in “ duralplat ”), a relatively resistant silicon- 
aluminium alloy (free from copper) may be 
used for the outer layer, the rather less resistance 
to corrosion being compensated by the greater 
resistance to wear. 

Hot-Dipping Processes. —Hot-dipping is em¬ 
ployed principally for coating iron and steel with 
tin or zinc (tinplate and “ hot-galvanising ” 
industries). In each case the bond with the 
underlying metal is provided by a certain 
amount of alloying. Exceedingly thin on tin, 
the aUoy layer reaches much grosser dimensions 
on zinc, where two and occasionally three inter¬ 


mediate layers can be detected, each character¬ 
ised by an intermetallio compound. Advantage 
is claimed for a process of subsequent annealing 
for the purpose of removing mechanical weakness 
set up by the presence of these layers. In all 
cases scale adhering to the metal must be 
completely removed by pickling prior to the hot- 
dipping. The composition of both basis and 
covering metal is usually more rigidly controlled 
for tinplate than for galvanised iron. Metallic 
additions, for example, are not normally made 
to the tin bath, but to the zinc bath very small 
quantities of either aluminium or tin are 
commonly made with the object of increasing 
the fluidity of the bath or improving the appear¬ 
ance of the coating. Tinplate finds its widest 
application in the manufacture of food containers 
and dairy utensils, whilst galvanised iron is used 
for roofing and for much large-scale work exposed 
to the open air. (Hot-tinning is also applied to 
copper articles, particularly water-pipes and 
cooking utensils.) Tin and zinc are normally 
cathodic and anodic respectively to iron {see 
“ Electro-potential Series,” Table III, p. 376). 
Hence, in the event of the underlying metal 
becoming exposed at any point, in the presence 
of a suitable electrolyte, the iron in contact with 
tin is attacked preferentially, leading to per¬ 
foration of the sheet, wdiUst a zinc coating, under 
similar conditions, will undergo ” sacrificial 
corrosion ” where the underlying metal is ex¬ 
posed and thus protect it from attack. Circum¬ 
stances sometimes arise, however, in which a 
reversal of polarity takes place, as, for example, 
with tinplate in the presence of certain fruit 
juices. It is important that a certain minimum 
thickness of coating should be exceeded if a 
reasonable life is to be assured. This is a general 
rule that applies to aU metallic coatings, which 
frequently depend for their corrosion resistance 
on the ability to build up a protective film in the 
particular environment in which they are 
placed. This normally involves an initial period 
during which the coating itself is contributing 
to the formation of the protective layer, and its 
initial thickness should thus be at least sufficient 
to survive this interim period. This applies 
equally to coatings of the anodic type, since the 
conditions which result in ” sacTificial ” corrosion, 
and hence loss of the protective coating, should 
be avoided. 

Galvanised iron, when used for structural 
work exposed to the open air, is frequently 
further protected by painting. The unsatis¬ 
factory adherence of paint to the galvanised 
coating may be overcome by a preliminary 
period of weathering ; various solutions {e.g. 
oxalic acid), are also employed for etching the 
freshly deposited coating prior to painting {see 
p. 394). 

Terne plate consists of iron or steel sheet coated 
(by hot-dipping) with a lead alloy containing 10 
to 25% tin. (Lead itself does not give a satis¬ 
factory hot-dipped coating on steel owing to the 
absence of any alloy “ bond.”) It is largely 
used for roofing as a substitute for lead sheet or 
galvanised iron, but painting is usually neces¬ 
sary ; this is facilitated by the readiness with 
which paint adheres to the material without any 
preliminary treatment. 
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Cementation Processes .—The principal cemen¬ 
tation process (heating of the previously cleaned 
basis metal with the coating metal, the latter 
in powdered form, usually “ diluted ” with 
oxide) is that of “ sherardising,” due to the late 
Sherard Cowper-Coles, in which iron or steel is 
coated with zinc. The process is particularly 
suited for small articles, such as bolts, nuts, 
screws, for which it has the advantage over hot- 
dipped coatings in respect to a considerably 
smaller dimensional change. The coating differs 
principally from the hot-dip coating in that 
there is usually only one alloy layer, whilst 
the outer layer of pure zinc is often not repre¬ 
sented at all. It is in the uniformity and con¬ 
tinuity of the alloy layer that the corrosion 
resistance of sherardised coatings principally 
depends. This alloy is normally anodic to iron 
but less so than zinc. 

The analogous process of cementation by 
means of aluminium (calorising) is used more 
particularly for protection against oxidation 
at high temperatures, where the protection is due 
to the refractory properties of the film of alumina. 
The coating is also useful for protection against 
sulphurous fumes. 

Metal-spray Processes .—The process devised 
by Schoop in 1910, whereby a spray of finely 
divided metallic particles is ejected from a 
blowpipe or pistol,” has within recent years 
assumed important industrial dimensions. 
Metal wire is supplied to the pistol, in which it is 
melted at the tip by an oxyacetylene fiaine, 
atomised by excess of gas, and carried forward 
at a relatively low temperature (actually below 
the ignition point of a match). Adhesive 
deposits of various metals may be sprayed on to 
steel, which should be previously sand-blasted 
to obtain the necessary “ keying,” since no 
appreciable alloying occurs. An obvious advan¬ 
tage of the method is its ability to apply a 
protective metal coating to structures, in situ. 
Recent modifications, as the Schori processes, 
have aimed at increasing the speed of working 
by supplying metal powder to the pistol instead 
of wire ; this process also sprays metal/glass 
mixtures which are claimed to provide flexible 
coatings of metal silicato resistant to sea-water 
attack. Marked resistance to corrosion in 
industrial and marine atmospheres has been 
obtained by the spraying of thin coating.s of 
aluminium on steel by the ordinary method, 
particularly when the coatings have been 
subsequently treated with cellulose lacquer 
(W. E. Ballard, Trans. Manch. Assoc. Eng. 
1935, 113). The possibility of using sprayed 
metal coatings for the protection of ships’ hulls 
is referred to in the Fifth Report to the Iron and 
Steel Institute Corrosion Committee (i.c., 219). 

Electro-deposited Coatings .—^Much research 
has been carried out with the view to increasing 
the efficiency of electro-deposition processes, 
by which a wide range of protective metal 
coatings are now produced. It has been shown 
that interalloying of coating and base does not 
take place, although in certain cases slow diffu¬ 
sion may occur subsequent to deposition. On 
the other hand, the relationship may be so 
intimate that the lattice of the basis metal may | 
be continued and the structure exactly copied i 
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I by the deposit (A. W. HothersaU, Trans. 
Faraday Soc. 1935, 31, 1242). 

Electro-deposition has the advantage of pro¬ 
ducing a uniform coating under controlled 
conditions with llttlo dimensional change. It 
is particularly suitable for small articles of 
irregular shape, but for special purposes may be 
applied to large-scale work. Small articles are 
frequently plated in bulk by the “ barrel ” 
method ; a rotating barrel dipping into the 
electrolyte contains the articles, the mutual 
contact of which ensures electrical connection 
and provides a certain burnishing action which 
improves the ai)pearance of the deposit. 

Zinc coatings are produced ('ommeroially by 
each of the four main methods ; the term 
“ galvanised ” iron, how’^ever, almost invariably 
refers to the “ hot -dipped ” coating. Tin 
coatings arc produced to a comparatively small 
extent by electro-deposition, which has, however, 
been recommended for supplementing the hot- 
dip process, the two operations yielding a coating 
that is practically free from pores. 

Nickel-plating on iron and steel is carried out 
on the largest scale. Excellent protection 
against corrosion is afforded under many 
conditions, nickel coatings being particularly 
suited for parts of e([uipment which must 
resist both corrosion and abrasion. In atmo¬ 
spheres containing traces of sulphur dioxide, 
provided a critical relative humidity of approxi¬ 
mately 70% is exceedt‘d, the polished surface 
undergoes a characteristic filming or fogging ” 
{see General article under Atmospheric Corro¬ 
sion). In nKxkTii practice nickel coatings are 
covered, for decorative purj>oses, with a film of 
electro-deposited chromium. This resembles 
nickel in its extreme hardness and resistance to 
wear, fine appearance, and ability to take a high 
polish, but has the advantage of freedom from 
fogging. (Small amounts of chromium alloyed 
with nickel also inhibit fogging, but the two 
metals cannot, as yet, be deposited simul¬ 
taneously.) An analogous recent development 
is the plating of a thin film of rhodium on 
electro-deposited silver. This retains the advan¬ 
tages of silver plate with freedom from tarnish¬ 
ing, to which unprotected silver is characteris¬ 
tically liable in atmospheres containing traces of 
sulphur compounds. 

The use of electro-deposited cadmium is 
increasing considerably. Whilst it appears to 
have no appreciable advantage over zinc for 
open-air conditions, its whiter and pleasanter 
appearance, particularly when polished, is 
advantageous for indoor purposes, as in electrical 
and radio parts. In the Udylite process, iron 
articles, after electroplating with cadmium, are 
heated at 150° to 200° for several hours. 

Arising from difficulties in producing coatings 
of lead by other methods {e.g. absence of alloying 
in hot-dip and cementation processes and health 
hazards in spraying processes) developments 
have recently taken place in the large-scale 
electro-deposition of lead on iron for roofing and 
constructional purposes (F. W. Hay, Metallur¬ 
gist, 1937,11, 23). High resistance to industrial 
atmospheres is brought about by the formation 
of a surface film of insoluble lead sulphate. 
Developments in electroplating are surveyed by 
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S. Weriiick (Chem. and Ind. 1934, 53, 948; 
Ind. Chem. 1935, 11, 233). See dUo works 
recommended below. 

Testing of Metallic Coatings. —Many 
methods are in use for testing soundness, thick¬ 
ness, and adhesion of metal coatings. One of the 
earliest schemes for detecting pinholes was by 
means of the ferroxyl indicator of Cushman and 
Walker. This is prepared by the addition of a little 
potassium ferricyanide and phenolphthalein to a 
dilute solution of sulphuric acid ; a convenient 
method of carrying out the test is to use a test 
paper saturated with the reagent, which is 
pressed on the surface. In the case of a cathodic 
coating (e.g. nickel on iron) the position of the 
pinholes is indicated by a blue spot of ferrous 
ferricyanide where iron passes into solution. 
For tinplate, Macnaughtan, Clarke, and Pry- 
therch (J. Iron and Steel Inst. 1932, 126, 159) 
recommend a solution containing sodium 
chloride with potassium ferricyanide ; they also 
obtain excellent results from a simple “ hot 
water test,” observing suitable precautions. 
Pinholes in anodic coatings (e.g. zinc on iron) 
are more difficult to demonstrate, but usuaUy 
they are of less consequence in practice. The 
thickness of zinc deposits on iron is still deter¬ 
mined by the old established Preece test ; this 
consists in repeated immersion of the samples 
(usuaUy galvanised wire) in copper sulphate 
solution at one minute intervals, the number of 
immersions required to produce a deposit of 
copper on the basis metal giving an indication 
of the thickness of the coating. A number of 
methods have been proposed for overcoming 
certain objections to the Preece test. Britton 
(J. Inst. Metals, 1936, 58, 211) makes the 
sample the anode of an electrolytic cell at a 
fixed current density and notes the time taken 
to remove the coating from a given area. The 
thickness of tin coats on iron is determined 
rapidly by Clarke by removal in a solution of 
hydrochloric acid and antimony chloride, the 
latter preventing attack on the iron. In the 
“ B.N.F. jet test” the thickness of the coating 
at any desired point is determined by measuring 
the time required for perforation of the coating 
by a jet of an appropriate solution which is 
allowed to impinge on the surface at a constant 
pressure. It is applicable to a wide range of 
coatings (S. G. Clarke, J. Electrodep. Tech. Soc. 

1936, 12. 167; 1937, 12, 1-18). Methods of 
testing zinc coatings have been comprehensively 
surveyed by L. Kenworthy (J. Inst. Metals, 

1937, 61, 143). 

References (Books dealing with Metal Coatings): 
H. S. Rawdon, ** Protective Metallic Coatings,” 
Chemical Catalog Company, New York, 1928; 
H. Bablik, “ Galvanising,” 2nd ed. (English 
translation), E. & F. N. Spon, London, 1936; 
E. S. Hedges, “ Protective Films on Metals,” 
2nd ed., Clmpman and Hall, London, 1937. 

W. H. J. V. 

CORROSIVE SUBLIMATE. Mercuric 
chloride. 

CORUBIN. An artificial conmdum (v. 
Abbasives and Corundum.) 

CORUNDUM (Fr. Corindon ; Ger. Korund; 
from the Hindi kurundf Sanskrit kuruvinda). 
Crystallised alumina (AI 2 O 3 ). The crystals 


belong to the rhombohedral system, and are 
isomorphous with haematite (FCgOg). They 
vary considerably in habit, having the form 
of hexagonal prisms, pyramids, or tables. In 
some crystals the combination of six faces of the 
primary rhombohedron with two faces of the 
basal pinacoid produces a form strikingly 
similar to the regular octahedron. There is no 
true cleavage, but often the crystals and crystal¬ 
line masses show a pseudo-cleavage or parting 
parallel to the basal plane or to one or more 
faces of the primary rhombohedron, due to 
lamellar twinning on these planes. On these 
surfaces the lustre is sometimes pearly, but 
otherwise it is usually vitreous, or inclining to 
adamantine in character. The fracture is un¬ 
even to conchoidal ; and the sharp jagged 
edges of the irregular grains give effect to the 
cutting power of the material when used as an 
abrading agent. Analyses show the presence 
of 95-99% of alumina, with small amounts of 
ferric oxide, magnesia, silica, water, etc., and 
sometimes traces of chromium. Sp.gr. 3*9-4* 1. 
The crystals are optically uniaxial and negative ; 
refractive indices for sodium-light co 1*768, e 1*760. 
The dichroism is marked. Next to diamond, 
it is the hardest of minerals, being placed as 
No. 9 in the scale of hardness ; on this account 
j it was formerly known as adamantine spar. 

I A distinction is made betw'een the transparent 
“ precious corundum ” and the dull, opaque 
“ common corundum,” while a third still less 
pure variety is known as emery (?;. Abrasives). 
This division also corres})ond 8 with the economic 
uses of the mineral, ” precious corundum ” 
being used for gem-stones, and “ common 
corundum ” and emery for abrasive purposes. 
The pure, well-ciystallised material is perfectly 
colourless and transparent with a high degree 
of brilliancy. Traces of inorganic impurities, 
however, produce a wide range of colours, 
which are more vivid in the stones of gem- 
quality, namely red (ruby), orange and yellow 
(” oriental topaz ”), green (“ oriental emerald ”), 
blue and indigo (sapphire), and violet (“ oriental 
amethyst ”). Although such names are in 
popular use for jewellery, this mineral has, of 
course, no relation to topaz, etc. Parti-coloured 
stones are not uncommon. The colour of 
common corundum is usually grey or brown. 

Corundum is not a widely distributed mineral, 
but it is found in abundance at certain localities. 
It occurs in igneous and metamorphic rocks in 
which no free silica is present as quartz, such 
as syenite, gneiss, peridotite, and serpentine, 
and in crystalline limestones. Material of gem- 
quality is usually collected as water-worn 
pebbles in gravels derived from these rocks. 
Material for gem-stones and that for abrasive 
purposes are not, as a rule, mined in the same 
localities. Taking first the localities for the gem- 
varieties, the following may be noted as a few 
of the most important. The best rubies are 
obtained from the famous mines near Mogok 
in Upper Burma, where they occur in a white 
crystalline marble near its contact with gneiss ; 
they are mined in the detrital deposits derived 
from this rook. Dark-coloured rubies are 
obtained with sapphire from alluvial deposits 
in the provinces of Chantabim and Krat in 
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Siam. Stones of good quality have also been 
mined together with common corundum in 
Macon Co., North Carolina. The best sapphires 
come from the gem-gravels of Ceylon ; other 
localities of importance are Siam and Kashmir. 
Dark blue and greenish-blue sapphires occur 
abundantly in gravels near Anakie in Queens¬ 
land ; while paler stones of various shades 
(“ fancy stones ”) are plentiful in the neighbour¬ 
hood of Helena in Montana. 

Common corundum as used for abrasive 
purposes (apart from emery) was formerly 
mainly rained in the United States ; later the 
Canadian and South African deposits came into 
prominence ; while now the latter are being 
ousted by the artificial products carborundum 
and alundum. India has also since remote 
times produced a certain amount which has 
been largely used by the native lapidaries. 
In the United States the corundum deposits 
extend along the Appalachian Range from 
Alabama to Massachusetts, reaching their 
greatest development in North Carolina and 
Georgia. Here they occur in peridotites near 
their contact with gneiss. In Canada a belt of 
corundum-bearing syenites (nepheline- and 
related alkali-syenites), associated with the 
Laurentian gneisses, extends for 100 miles 
across Renfrew, Hastings and Haliburton 
counties in Ontario, the principal mining 
district being near Craigmont in Renfrew Co. 
Large rough crystals of corundum are abundant 
in gneiss in Madagascar and at Steinkopf in 
Namaqualand, South Africa. IMore recently, 
important deposits have been discovered and 
worked in the Zoutpansberg and Pietersburg 
districts in northern Transvaal. 

The corundum-bearing rock as mined is 
crushed between hardened steel rolls and the 
heavier corundum separated in w'ater by means 
of jigs and concentrating tables. It is sifted 
into different grades of fineness and used (1) as 
loose grains ; (2) mixed with glue or other 

soft cement as a coating on paper or cloth ; 
and (3) as corundum-wheels for grinding. The 
last-named are of three classes : (a) The 

“ vitrified wheel,” in which the corundum is 
mixed with clay and baked at a high tempera¬ 
ture, with the result that the grains of corundum 
are set in a matrix of porcelain. (6) The 
” chemical wheel,” in which sodium silicate 
is the binding material. (c) The ” cement 
wheel ” with shellac, rubber, linseed-oil, etc., 
or magnesium oxychloride. Another use for 
corundum, depending on its hardness, is for the 
pivot supports for watches (watch-jewels) and 
other delicate instruments, the poorer qualities 
of gem-material being used for this purpose. 
Although corundum is the richest ore of alumi¬ 
nium, there are difficulties in its use for the ex¬ 
traction of the metal. It has, however, been 
used directly in the preparation of aluminium- 
copper and aluminium-iron alloys. 

The artificial preparation of crystallised 
corundum was first effected by M. A. Gaudin, 
in 1837, by decomposing potash-alum with 
charcoal. It has since then been produced by 
a variety of methods, and is now manufactured 
on a large scale both for use as gem-stones and 
for abrasive purposes. Beautiful crystals of 


ruby wore prepared by E. Fr6my and Feil, in 
1877, by heating a mixture of alumina and red- 
lead with potassium dichromate in a porous 
fireclay crucible ; a fusible aluminate of lead 
was thereby formed, which was decomposed by 
the silica of the crucible with the separation 
of crystallised alumina. The crystals so ob¬ 
tained, though of some size, good colour, and 
perfectly transparent, were unfortunately too 
thin for cutting as gems. A far greater measure 
of success was achieved by A. Verneuil in 1902, 
who has produced fine gems of all colours. 
Interesting experiments from a petrological 
point of view were conducted by J. Morozewicz 
in 1898, in which he obtained crystallised 
corundum in silicate magmas supersaturated 
with alumina. Artificial corundum, used as an 
abrasive under the trade name of alundum 
(aloxite, adamite), is now manufactured on 
a large scale at Niagara Falls by fusing bauxite 
in an electric furnace. Coruhin formed as a 
by-product in the Goldschmidt thermite process 
is also an artificial corundum. 

lieferences. —A. E. Barlow, ” Corundum, its 
Occurrence, Distribution, Exploitation, and 
Uses,” Canada, Dept. Mines, Geol. Survey, Mem. 
57, Ottawa, 1915, 378 pp. (with special reference 
to the Canadian deposits) ; T. H. Holland, 
” Corundum,” Manual of the Geology of India, 
2nd ed., Calcutta, 1898 (with special reference 
to the Indian deposits) ; A. L. Hall, ” Corundum 
in the northern and eastern Transvaal,” Mem. 
Geol. Surv. South Africa, 1920, No. 15 ; 
G. P. Morrill, ” The Non-metallic Minerals,” 
2nd ed.. New York, 1910 ; J. H. Pratt, Bull. 
U.S. Geol. Survey, 1906, No. 269 ; J. H. Pratt 
and J. V. Lewis, North Carolina Geol. Survey, 
1905, i. ; M. Bauer, ” Edelsteinkundo,” 3rd ed., 
by K. Schlossmacher, Leipzig, 1928-1932, 
and English translation, ‘‘ Precious Stones,” 
by L. J. Spencer, London, 1904 ; ” Abrasives,” 
Imperial Institute, London, 1929. 
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CORYBULBINEr. Corydalis Alkaloids. 
Corydaline Sub-Group. 

CORYCAVINE v. Corydalis Alkaloids, 
CoRYCAviNE Sub-Group. 

CORYDALINE v. Corydalis Alkaloids, 
Corydaline Sub-Group. 

CORYDALIS ALKALOIDS.— The cory¬ 
dalis species belong to the Fam. Papaveracese ; 
there are about ten different species known to 
contain alkaloids, of which C. cava (syn. tuberosa) 
is the most important (u. Wehmer, ” Die Pflan- 
zenstoffe,” Jena, 1929, p. 388). For references 
to early chemical investigations, v, Ziegenbein 
(Arch. Pharm. 1896, 234 492). The most 
important alkaloid corydaline was isolated by 
Wackenroder as early as 1826. 

Extraction ,—According to Gadamor (Arch. 
Pharm. 1902, 240 , 21) the finely ground corydalis 
roots are exhausted with 94% EtOH. The 
solvent is removed by distillation, the oily 
residue is acidified with acetic acid and diluted 
with HgO. The aqueous solution is made 
alkaline with ammonia and extracted with 
Et20, when all alkaloids pass into the solvent 
except corytuherinct which is obtained by 
evaporating the mother-hquor. By concen¬ 
trating the EtjO -solution a first crystalline 
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fraction (a) melting from 160-180® is obtained 
which contains corydalim^ bulbocapnine, cory- 
cavine^ and coryhulhine. This mixture may be 
separated by successively extracting the cry¬ 
stalline mass with small amounts of boiling 
EtOH. The ethereal mother-liquor from (a) 
is then completely evaporated, when a fraction ( 6 ), 
melting from 130-140®, is obtained, which 
consists almost entirely of corydaline. The 
fraction {h) is converted into the hydrobromides, 
when first bulbocapnine* HBr separates ; by 
fractional precipitation of the remaining hydro- 
bromides with ammonia corydaline, corybiilbine, 
isocorybuUrmp,^ corydim^ and corycavine, and 
further amounts of bulbocapnine are obtained. 
The mother-liquors are acidified with HCI when 
further crystalline fractions are obtained. The 
residue is transformed into the rhodanides, 
from which by extraction with EtOH cory- 
cavamino rhodanidc is loft behind. 

Gadamer’s i^roccHS is merely a general guidance 
and not an accurate prescription; it has often 
been modified if a special alkaloid was sought 
after. The separation and purification of the 
different alkaloids is a very tedious and laborious 
process; also the yields of the different alkaloids 
vary to a great extent. 

Other investigated corydalis species are : 

0, ambigiia (Chinese C.) : Makoshi (Arch. 
Pharm. 1908, 246 , 381), Chou (A, 1928, 927 ; 
ibid. 1929, 477, 1085 ; ibid. 1933, 652 ; ibid. 
1934, 1014). Huang-Minlon (Ber. 1936, 69 , 
[B], 1737) (important paper), 

C. vernyi (Japanese C.) : Asahina and 
Motigaso (J.C.S. 1921, 120 , I, 86 ). 

C. decumbens : Makoshi (Arch. Pharm. 1908, 
246 , 401) ; Osada (Amer. Chem. Abstr. 1928, 
22 , 692). 

C. lutea and C. nohilis : Schmidt (Arch. 
Pharm. 1908, 246, 575). 

C. aurea : Heyl (Apoth.-Ztg. 1910, 25 , 137) ; 
Eppson (Amer. Chem. Abstr. 1935, 29 , 2662). 

C. solida : Haars (Arch. Pharm. 1905, 243, 
154). 

C. ternaia Nakai (Korean C.) : Go (Chem. 
Zentr. 1930, I, 234). 

The arrangement of the corydalis alkaloids 
into three groups is due to Gadamer, Ziegenbein, 
and Wagner : 

Group I : consists of weakly basic alkaloids, 
which are readily oxidised by iodine to berberine- 
Uke compounds (corydaline sub-group). 

Group II: includes stronger bases which are 
attacked by iodine solution (corycavine sub¬ 
group). 

The alkaloids of Group II are closely related 
to cryptopine and protopine, and contain the 
characteristic ten-membered ring-system. 

Group III : comprises the strongest bases of 
the series, these contain free phenolic hydroxyl 
groups and are easily oxidised by iodine (cory- 
tuberine sub-group). 

Group III comprises alkaloids which belong 
to the aporphine group (u. Gadamer, Oberlin, 
and Schoeler, Arch. Pharm. 1925, 263 , 81). 
The numbering of the tetrahydroprotoberberine 
(Buck, Perkin and Stevens, J.C.S. 1925, 127 , 
1462; Gadamer, Spath and Mosettig Arch, 
Pharm. 1927, 265 , 676) and the aporphine 
skeleton is the following : 



CH3 

I 10 



Aporphine. 


Group I .— COEYDALINE SuB-Qiioup.—This 
comprises the weak alkaloids of the corydalis 
root, viz. corydaline, dehydrocorydaline, coiy- 
bulbine, i^socorybulbine, tetrahydropalmatine, 
and corypalmine. They have in common the 
property of being capable of oxidation with 
iodine to the dchydro-compounds which are 
quaternary bases closely related to berberino and 
palmatine. 

Corydaline W'as first isolated from C. cava 
by Wackenroder (Borz. Jahr. 1826, 7, 220), 
but it was Freund and Joseph! who gave it 
the correct formula. The yields vary con¬ 
siderably, Martindale (Arch. Pharm. 1898, 236, 
215) gives 0*9%, Ziegenbein (Arch, Pharm. 
1896, 234, 497) quotes 0*67%. 

Corydaline (I), CjjH^O.N, [a]“ +300“ 
(in chloroform), m.p. 135®, crystallises from 
EtOH in colourless, short, six-sided prisms, 
sparingly soluble in cold, but easily soluble in 
hot EtOH, EtjO, CHCI 3 and benzene, 
(I) contains 2 asymmetric carbon atoms ; it is 
slowly oxidised by atmospheric oxygen to the 
yellow dehydrocorydaline (II). For absorption 
spectra of (I) see Dobbie and Lauder (J.C.S. 
1903, 83, 605), Dobbie and Fox (J.C.S. 
1914, 105, 1639), and Girardet (J.C.S. 1931, 
2630). (I) gives two methiodidea : one being 
crystalline, m.p. 238-240°, [a]p +139*4°, the 
other amorphous, m.p. 64-68°, [ajp +110° 
(von Bruchhausen and Stippler, Arch. Pharm. 
1927, 265, 162). 

The salts of (I) are crystalline: B• H CI+2 H jO, 
columnar crystals from HgO, m.p. 206-207° ; 
B-HI, pale yellow prisms of indefinite m.p. ; 
B'HN 03 , tablets from EtOH, m.p. 198°, 
sparingly soluble inHjO; B*HCNS columns 
from EtOH, m.p. 208°; platinichloride, brown 
crystals, m.p. 227° ; the ethyl sulphate forms 
characteristic, large prisms, m.p. 162‘6°. 

By oxidation of (1) with iodine (Ziegenbein, 
Arch. Pharm. 1896, 2M, 505), bromine (Martin- 
dale, Arch. Pharm. 1898, 236, 238) or veiy dilute 
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HNOo (Dobbie and Marsden, J.C.S. 1897, 71, 
667) aehydrocorydaline (II) is obtained, which 
is identical with a natural base isolated from 
C. cavay vernyi, amhigua^ and solida. (II) is a 
yellow crystalline powder, in.p, 112-113° 
(decomp.), the salts are crystalline, B-HCI, 
iHoO, yellow leaflets, soluble in HgO and 
EtOH; B*HBr, yellow needles, m.p. 126°; B-HI, 
2H2O, small yellow needles ; B HAUCI 4 , red- 
brown needles from EtOH—HCI, m.p. 219°; 
Bj-NgPlCIgSHgO, yellow needles from 
EtOH—HCI ; (II) in solution is a quaternary 
ammonium base. In the free state it melts and 
decomposes at 112-113°, has the composition 
C 22 H 25 O 5 N and mu.st l)e regarded as a ^-base 
witn the koto-composition containing the groups 
•CMeO and N H<C instead of •CMe:N(OH)<c; 
for it forms an oxime, orange-yellow crystals, 
m.p. 165° (Haars, Arch. Pharm. 1905, 
248, 171), it also unites with 1 mol. of CHCI 3 to 
form a colourless crystalline compound m.p. 

162- 163° and an amorphous acetone compound 
(Ziegenbein, ibid, 1896, 234, 492). 

By reduction of (If) with zinc and sulphuric 
acid r-corydaline (III) m.p. 134-135° and 
r-meaocorydaline (IV) m.p. 158-159° ; m.p. 

163- 164°: Spath and Posega, Ber. 1929, 62, 

[B], 1029) are formed, which arc both optically 
inactive (Gadamer, Arch. Pharm. 1902, 240, 
19 ; ibid, 1916, 254, 295). (IV) may be 

resolved into d- and /- forms by crystallisation 
of the d-camphorsulphonate, the d- form is not 
identical with natural (I) (Gadamer, ibid. 
1902, 260, 50 Haars, lx.). (Ill) has not 
been resolved, but its sulphonic acid can 
be separated into d- and L forms by crystal¬ 
lisation of the brucine salts, the d- form is 
identical with the sulphonic acid prepared from 
natural corydaline (Gadamer, ibid. 1916, 254, 295). 

Insight into the constitution of (I) has 
principally been obtained by oxidation experi¬ 
ments (r/. Dobbie and co-workers, J.C.S. 
1897, 71, 657 ; 1902, 81, 145 ; Haars, lx.). 
Oxidation with permanganate yielded hemipinic, 
m-hemipinic acid and corydaldine ; HNO3 
gave rise to the intermediate oxidation pro¬ 
ducts corydic, corydilic, and methylpyridino 
carboxylic acids respectively, and the ultimate 
products were pyridme-2:3:4:5-tetracarboxylic 
acid, hemipinic and w-heraipinic acids. Im¬ 
portant contributions towards the flnal elucida¬ 
tion of the structure of (I) were made by Spath 
and Lang (Ber. 1921, 54, [BJ, 3074), Gadamer and 
von Bruchhausen (Arch. Pharm. 1921, 259, 245), 
Lawson, Perkin and Robinson (J.C.S. 1924, 
631), and by von Bruchhausen and Stippler 
{I.C.), Cf. also Koepfli and Perkin (J.C.S. 1928, 
2989) where short survey is given. The follow¬ 
ing constitution for (I) has been established; 

2 OMe 



VoL. III.—26 


OMe 



Synthetical experiments were carried out by 
Pictet and Malinovski (Ber. 1913, 46, 2688), 
SpMh and Lang {l.c. 1921), and Spath and 
Mosettig (Annalen, 1923, 433, 138), but they 
failed to give a product identical with (HI) or 
(IV). P. von Bruchhausen (Arch. Pharm. 1923, 
261, 28) was able to introduce the C methyl- 
group into position 13, and he obtained (III) 
melting at 135-136° ; Spiith and Bolter (Ber. 
1927, 60, fB], 1891) obtained synthetic (III) and 
(IV) in connection with their work on corycavine. 
An interesting synthesis of (III) and (IV), 
starting from papaverine, was described by 
Spiith and Kruta (Ber. 1929, 62, [B], 1024). 

Corybulbine and isoCorybuIhine. —Corybulbine 
was first isolated by Freund and Josephi 
(Annalen, 1893, 277, 1); Mocorybulbine 

was found by Gadamer and Ziegenbein 
(Arch. Pharm. 1902, 240, 634). They occur 
in corydalis roots in an amount of 0-05% 
(Gadamer, ibid. 24), and 0185% respectively 
(Bruns, Arch. Pharm. 1903, 241, 634). The 
yields vary considerably. Makoshi (Arch. 
Pharm, 1908, 246, 381) isolated (I) from a 
Korean corydalis, possibly C. ambigua (see also 
Chou, A. 1929, 1085). Both alkaloids (I) and (II) 
are sensitive to light. 

Corybulbine (V), C 21 H 25 O 4 N, [a% -i-303 3°, 
m.p. 239-240°, crystallises from boiling EtOH 
in colourless needles, sparingly soluble in EtOH, 
EtgO, and CHg COgEt, soluble in CHCI,, 
acetone, or hot benzene. (V) is a weak base. 

B-HCI, colourless prisms, m.p. 245-250°, 
slightly soluble in HgO ; platinichloride and 
aurichloride are amorphous. By oxidation 
with iodine optically inactive dehydrocory- 
bulbine, C 21 H 21 O 4 N (dark violet needles, from 
HgO, m.p. 175-178°), is formed. 

By reduction an optically inactive r-cory- 
bulbine is obtained, m.p. 220 - 222 °, which has 
not been resolved wdth bromocamphorsulphonic 
acid (Bruns, Arch. Pharm. 1903, 241, 650). 

isoCorybulbine (VI), C 21 H 25 O 4 N, [aj^ 

-f 299*8°, m.p. 179-180°, crystallises from 
EtOH in colourless leaflets more soluble in 
EtOH than (V); by this property (VI) may be 
separated from (V). (IV) is a tertiary base with 
1 O H and 3 O M e- groups. For colour reactions 
of (I) and (II), see Gadamer (ibid. 1902,240, 52). 
(II) is oxidised with iodine to dehydrowocory- 
bulbine, which yields rac. iwcorybulbine, m.p. 
166-167° on reduction. Dobbie, Lauder and 
Paliatseas methylated the phenolic OH -group 
in (V) and obtained corydaline (J.C.S. 1901,79, 
87), also (VI) on methylation yields corydaline 
(Spath and Dobrowski, Ber. 1925, 58, [B], 1274). 
All 3 alkaloids give the same apocorydaline 
(hydrochloride, m.p. 220 - 222 °) on demethy- 
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lation (Bruns, lx,). This shows that (V) and 
(VI) are closely related to corydaline which 
is a methyl ether of (V) or (VI). Sp&th and 
Dobrowski {l.c.) succeeded in demonstrating 
the exact positions of the phenolic groups and 
both alkaloids were finally obtained by partial 
demethylation of corydaline (Spfi-th and Holter, 
Ber. 1926,59, [B], 2800), (V) having the phenolic 
OH-group in position 3 and (VI) in position 2 
(c/. structure of corydaline). 

d-TetrahydropcUmatine was isolated by 
Sp&th, Mosettig, and Trothandl (Ber. 1923, 56, 
877) from C. cava grown near Vienna. The 
yield from dried corydalis roots is about 0-4%, 
the extraction was effected by the method of 
Gadamer (Arch. Pharm. 1902,240,21). Separation 
of phenolic from non-plienolic bases w^as achieved 
by using caustic soda ; d-tetrahydropalmatine 
was separated from corydaline by the insolubility 
of its hydrochloride. 

Tetrahydropalmatine (VII), C 21 H 26 O 4 N, 
[«]d +292-6° (in EtOH), m.p. 142°, crystallises 
from dilute EtOH, is easily soluble in organic 
solvents, except EtgO and light petroleum. 
On exposure to air it is coloured yellow ; by 
oxidation with iodine, the quaternary iodide 
of palmatine (m.p. 238-239°) is obtained. 
Spath and Mosettig (Ber. 1926, 59, [BJ, 1496) 
synthesised d-tetrahydropalmatine starting from 
d-tetrahydroborberino (gx.), removing the 
methylenedioxy-group with phloroglucinol-sul- 
phuric acid and methylating the phenolic base. 
The product obtained was identical in every 
respect with natural (VII). 

For constitution of (VII), cf. palmatine (Cal- 
FMBA Alkaloids). 

Corypalmine (VTII), C 20 H 23 O 4 N, m.p. 235- 
236°, [a]Jj® -I 280° (in CHCI 3 ), was first isolated 
by Spftth, Mosettig, and Trothandl (Ber. 1923,56, 
[B], 875) in a yield of about 0'005%. It forms 
small white crystals and is sparingly soluble in 
M eO H, By methylation of the 1 phenolic O H - 
group with diazomethane, d-tetrahydropalmatine 
(q.v.) is obtained. In a later paper (Ber. 1925, 
68 , [B], 2133) Spath and Mosettig demonstrated 
the exact position of the O H-group in (VIII) and 
proved it to be d-tetrahydro-jatrorrhizine 
{q.v. calumba alkaloids). (VIII) was synthesised 
by Spath and Mosettig (Ber. 1927, 60, 
[B], 383) from d-tetrahydroberberine, the methy- 
lenedioxy-group was replaced by O H groups with 
phloroglucinol-H 2 S 04 and the resulting pheno- 
lio base was partially methylated; from the 
mixture of products thus obtained, (VIII) could 
be isolated. The phenolic OH-group takes the 
same position 3 as in corybulbine (q.v.). 

There is evidence for the existence of isocory- 
palmine in C. cava, differing from corypalmine 
by the attachment of the phenolic OH-group 
to C-atom 2 (d-tetrahydrocolumbamin), cf. 
Gadamer, Spftth and Mosettig (Arch. Pharm. 
1927, 265, 675). 

Oroup 11 .—CoRYCAViNB SuB-GBOtiP.—This 
group comprises the three alkaloids corycavine 
(I), corycavamine (II), and corycavidine (III). 

(I) was first isolated by Freund and Josephi 
(Aimalen, 1893, 277, 1), (II) by Gadamer, 
Ziegenbein, and Wagner (Arch. Pharm. 1902 
240, 19), and (III) by Gadamer (Arch. Pharm. 


1911, 249, 30). (I) and (II) have both the same 
structure, (I) is the racemic form, (II) is optically 
active and is easily transformed into (I) by 
heating to above the melting-point {see F. von 
Bruchhausen, Arch. Pharm. 1925, 263, 601). 

Corycavine (I), C21H21O6N ; cf. Gadamer 
and von Bruchhausen (Arch. Pharm. 1922, 260, 
97) where earlier references are given ; it occurs 
in C. cava in amounts from 0-07% (Legorlotz, 
Arch. Pharm. 1918, 256,161) to 0*11% (Gadamer 
and von Bruchhausen, ibid. 161). (1) crystal¬ 
lises from EtOH or EtgO in rhombic tablets, 
m.p. 216-218°, insoluble in cold EtOH and 
HgO. B-HCI needles (from HgO), m.p. 219° ; 
B-HBr quadrangular flat plates from HgO ; 
B-methiodide rhombic tablets, m.p. 218°. 

Resolution of (1) into d- and I- (II) has not yet 
been effected. 

Corycavamine (II) occurs in an amount of 
0-3% (Gadamer, Arch. Pharm. 1902, 240, 84). 
It crystallises in rhombic columns from ether, 
alcohol, or CHg-COgEt, m.p. 148-149°, 
H-166° (in CHCI3), transformation (II) -> (I), 
see above. The salts except the sulphate 
crystallise very easily, the nitrate is sparingly 
soluble and is used to purify (II) ; B-HCI, small 
needles, soluble in H2O ; B-HBr sparingly 
soluble needles; B-HI, yellow voluminous, 
sparingly soluble needles. 

Corycavidine (III), C22H25O5N, occurs in 
an amount of 0*05%, |a]j) +203*1° (in CHCI3), 
m.p. 212-213°, crystallises from CHClg-EtOH 
in transient, colourless crystals with 1 mol. of 
CHCI3, practically insoluble in EtOH and 
EtjO. Crystalline hydrochloride and sparingly 
soluble nitrate. By continued heating at 209° 
(III) is transformed into an optically inactive 
form, melting at 193-195°. 

Pseudocorycavine {see Gaebel, Arch. 
Pharm. 1910, 248, 249) is a mixture of (I) and 
(111) {cf. Gadamer, Arch. Pharm. 1911, 249, 
231) which is difficult to separate, but it can be 
effected by recrystallisation of the hydro¬ 
chlorides. 

Subject to a slight modification of (1) by Spkth 
and Holter (Ber. 1927, 60, [B], 1891), the consti¬ 
tutions of (I), (II), and (III) have been con¬ 
clusively proved by F. von Bruchhausen (Arch. 
Pharm. 1925, 263, 570). 



R3 CH2 I CHg 
CH3 


(l)and(II): Ri+R,= C|4^ ;R,+ R 4 “CS^ 
/O 

(III): Ri+R 2 =CHa ; R 8 -R 4 n=OMe 

The three alkaloids do not react with keto« 
reagents. 



COSTOL. 


Pharmacologically the three alkaloidt? are of 
little importance (c/. Gadamer, Arch. Pharm. 
1906, 248, 147). 

Oroup III .—CORYTUBERINE 8uB-GR0UR.— 
Besides bulbocapnine (g'.v.) this group comprises 
the closely related phenolic aporphine alkaloids 
corytuherine (I), corydine (11), and isocorydine 
(III). (I) and (II) occur in G. cava (0-7-1-5% and 
0-3% respectively). (Ill) and the lavo- form of 

(II) were found in a Korean corydalis by Go 
(Amor. Chem. Abstr. 1930, 24, 620); (II) and 

(III) have been isolated from Dicentra canadensis 
and D. oregana (Manske, Canad. J. lies. 1932, 7, 
258; 1934, 10, 765). Diceniraformosa contains 
0-02% of (I) and 0-03% of (II) (Manske, Canad. 
J. Res. 1934, 10, 521). 

For preparation of (I), cf. Gadamer, Arch. 
Pharm. 1911, 249, 645 ; for preparation of (II), 
Arch. Pharm. 1902, 240, 96. 

Corytuberine (1), [a]“ 

-f 282-6° (in EtOH), m.p. 240°, crystallises from 
hot H 2 O in silky needles, soluble in EtOH 
slightly soluble in CHCI 3 and CHg-COgEt, 
insoluble in benzene and EtgO. The salts 
are crystalline but somewhat diflicult to prepare, 
because ( 1 ) is a weak base and probably forms 
aphenolbetaine (Gadamer); the hydrochloride is 
sparingly soluble in HjO. 

(II) and (III) are obtained by mothylation of 

(I) with diazomethane ; Gadamer experienced 
great difficulties in completely methylating (I); 
he only succeeded by doing it with diazomothane 
in statu rmscendi in amyl ether solution {l.c. 1911). 

Corydine (II), C 20 H 23 O 4 N, [a]^ +204-4° 
(in CHClg), m.p. 124-125° from dilute EtOH 
with J mol. of EtOH or m.p. 149-150° (dry). 
It is readily soluble in CHCI 3 and EtOH, 
soluble in EtgO. Mefhiodide^ m.p. 190- 
191° (228-230° according to Manske, l.c. 1932), 
Wd +^"'’4-6°, easily soluble in HjO. By 
iodine (II) is oxidised to the quaternary dehydro- 
corydine iodide (m.p. 248°); subsequent reduction 
yields racemic corydine, m.p. 168°, which can be 
resolved with tartaric acid into d- and i-forms 
(^co^ydme, m.p. 161°, [a]^ —206°). 

(II)-HCI, m.p. 268°, is sparingly soluble in 
HjO ; separation from the hydrochloride of (III) 
is thus possible. 

/soCorydine (III), C 20 H 23 O 4 N, [aj^ +196-3* 
(in CHCI 3 ), m.p. 185°, crystallises in 4-sided 
tablets from CHg-COjEt-MeOH. (Ill) is 
less soluble in EtjO than (II) ; (III)*HCI is 
more soluble in HjO than (II) -HCI. Methiodidey 
m.p. 213-214° (decomp,). [«]“ +143-3°, 

sparingly soluble in H 2 O. No crystalline pro¬ 
duct was obtained by oxidation with iodine 
solution. For differences in colour reactions 
cf. Gadamer {l.c. 1911, 676). 

Gadamer {l.c. 1911, 641, 669) on the basis of 
his investigations assigned structures to (I), 

(II) , and (III) which had to be modified later 
in minor details. By synthesis of (I)-dimethyl- 
ether (GuUand and Haworth, J.C.S. 1928, 1834, 
and Spftth and Hromotka, Ber. 1928, 61, [B], 
1692) it was demonstrated that (I) belonged to 
the aporphine alkaloids. SpAth and Berger (Ber. 
1931,64, [B], 2038) synthesised corydine starting 
from bulbocapnine (y.v.) and conclusively 
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demonstrated the arrangement of the OH and 
MeO groups in (I) and (III). 



[ (I) : Rj and R 4 =MeO ; Rg and R 3 =^-=OH. 

(TI) : Rj, R 2 and R 4 -MeO ; R 3 -bH. 

! (Ill) : Rj, R 3 andR 4 =MeO ; Rj-OH. 

Recently Isoi.ated Corydalls Alkaloids 
—(a) Non-phevolic bases. —From C. cava grown 
near Vienna, Spiith and Julian (Ber. 1931, 64, [B], 
1131) isolated d-tetrahydrocoptisine, [ajJ® +310°, 
m.p. 203-204° (for constitution, see Coptisine), 
d-canadine, [a]Jf +299°, m.p. 131-132° (for 
constitution, see Berberine) and hydrohydras- 
tinine, m.p. 66 °. 

{b) Phenolic Bases. —Gadamer, Spilth and 
Mosettig (Arch. Pharm. 1927, 265, 676) isolated 
the 2 alkaloids: d-ieBuhydrocolumbamine, 
m.p. 240-241° (for constitution, see Columba- 
mine) and 2-9-dihydroxy-3-]0-di7nethoxytetra- 
hydroprotoberberine (for numbering, cf. General 
Introduction to this article), m.p. 195°, 
which on complete methylation with diazo- 
inethane jdelded d-tctrahydropalmatine. For 
new bases isolated from Corydalis awhigua, 
see Huang-Milnon (Ber. 1936, 69, [B], 1757). 

Schl. 

CORYDINE V . Corydalis Alkaloids, 
Corytuberine Sub-Group. 

CORYNANTHINE, one of the Yohimboa 
alkaloids. 

CORYPALM IN E V. Corydalis Alkaloids, 
Corydaline Sub-Group. 

CORYTUBERINE v. Corydalis Alka¬ 
loids, Corytuberine Sub-Group. 

COSTENES. The sesquiterpene hydro¬ 
carbons, a- and ^-costenes, CJ 5 H 24 , were isolated 
by Semmler and Feldstein (Ber. 1914, 47, 2692) 
from the roots of Saussurea Lappa. These 
hydrocarbons, the homogeniety of which is 
doubtful, have the following constants: a-, 
b.p. 122-126°/12 mm., d^^ 0-9014, n^^ 1-49807, 
[a]p -12° ; b.p. 144-149°/18 mm., d ,2 
0-8728, rip 1-4905, [a]p + 6 °. No crystalline 
derivatives have been prepared. 

J. L. S. 

COSTOL. The primary sesquiterpene al¬ 
cohol, costolj Ci 5 H 240 , b.p. 169-171°/11 mm., 
0-9803, rip 1-5200, [a]p +13°, was separated 
by Semmler and Feldstein (Ber. 1914, 47, 2687) 
from the oil from the roots of Saussurea lappa. 
The alcohol, which is probably dioyclic, gives 
on oxidation with chromic acid an aldehyde, 
CigHgaO, b.p. 164-165°/15 mm., d** 0-9541, 
1*60645, [ajp +24°, semicarbazone, m.p. 
217-218®. 

J. L. S. 
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COSTUS, ESSENTIAL OIL OF. 


COSTUS, ESSENTIAL OIL OF. The i 

oil distilled from the root of Samsnrea lappa 
Clarke {Aplotaxis lappa Decaisne) indigenous to 
the mountain slopes of the Kashmir valley. 
The root is used for incense and to preserve 
the celebrated Kashmir shawls from the attack 
of moths. The oil is used in perfumery. Yield 
1-3%. 

CoTistituents. —Costic acid, costolactonc, di- 
hydrocoatolactonc, the sesquiterpene alcohol, 
costol (o'.e.), a hydrocarbon aplotaxeno and 
the two sesquiterpenes—a-costeno and ^-costene 
( 5 . 1 ;.), with traces of phcUandrene and 
camphene. 

Characters. —A light yellow' oil, sp.gr. 0-982- 
0-987, optical rotation about q-LT, 1-510- 
1-520. 

0. T. B. 

COTARNINE, an oxidation prodin^t of 
narcotine, an opium alkaloid. 

GOTO BARK. True coto bark is obtained 
from Bolivia, the Amazons (Brazil), and 
Venezuela. It has been considered identical 
with Winter’s bark [from Drirnys Winteri 
Forst,], but its source is really unknown 
(Hesse, Annalen, 1894, 282, 191). it comes into 
the market in long strips about 8 cm. broad and 
12 mm. thick, and is tough and hard. The 
colour is cinnamon brown, and a cross-section 
shows numerous yellow spots. It has an 
aromatic odour, and contains cotoifiy dicotoin^ 
hydrocotoin, and rnethylhydroeotoin^ resins, tan¬ 
nin, etc. The supply of the true coto bark is 
limited, and inferior barks, chiefly para-colo bark, 
are sold ; these contain protocotoin and methyl- 
proiocotoin, but little or no cotoin. 

Coioin can be isolated from true coto bark 
by extracting the powdered bark with ether, 
removing the ether, and mixing the residue, 
whilst still hot, with light petroleum. A 
resinous oily mass 8 ei)arates from which the 
solution of cotoin is decanted. Cotoin forms 
yellow prisms, m.p. 130-131°, is difficultly 
soluble in cold water, readily soluble in hot, is 
fairly soluble in alcohol, ether and chloroform, 
but sparingly soluble in light petroleum or 
benzene. It dissolves in alkalis forming yellow 
solutions from which it is precipitated on acidifi¬ 
cation, it yields phloroglucinol and benzoic 
acid as decomposition products. 

Cotoin has been the subject of much investi¬ 
gation, by Ciamician and Silber (Ber. 1891, 24, 
299, 2977 ; 1892, 25, 1119 ; 1893, 26, 777 ; 
1894, 27, 409, 841 ; 1895, 28, 1549), Jobst 

N. Report. Pharm. 1876, xxv, 23 ; Ber., 1878, 
11 , 1031), Jobst and Hesse (Ber. 1877, 10, 249 ; 
Annalen, 1879, 199, 17), and Hesse (Lc.; Ber. 
1893, 26, 2790 ; 1894, 27, 1182). As a result 
it has been shown to be 2:6-dihydroxy-4- 
methoxybenzophenone. 


HO 



Spath and Fuchs (Monatsh., 1921, 42, 267) 
obtained cotoin, hydrocotoin (cotoin methyl 
ether), and a small amount of cotoin dimethyl 
ether by methylating 2 :4; 6 -trihydroxybenzo- 


phenone with less than one molecular proportion 
of diazomethane at —12°. The synthesis, how'- 
ever, does not establish the orientation of the 
methoxyl group in cotoin. 

From a consideration of the products obtained 
by methylation and ethylation of cotoin, Sp&th 
and Wessely (Monatsh. 1928, 49, 229) conclude 
that the methoxyl group of cotoin is in the 
para-position. The properties of the derivatives 
of cotoin obtained by p-toluenesulphonylation 
(Karrerand Lichtenstein, Helv. Chim. Acta, 1928, 
11, 789) also point to the same conclusion. 

Cotoin has been used pharmaceutically in 
cases of diarrluea and of phthisis. 

The following derivatives of cotoin have been 
prepared : 

Diacetylcotion, prisms, m.p. 94°, is pro¬ 
duced by the action of acetic anhydride. If 
sodium acetate is used in the acetylation, the 
diacetyl derivativ'o is a(uxmipanied by methoxy- 
hydroxyphenylcoumarin acetate, m.p. 142° : 



(Jobst and Hesse, Annalen, 1879, 199, 28; 
Ciamician and Silber, Ber. 1894, 27, 419). 

Benzoylcotoin, prisms, m.p. 110 — 112 °, and 
dibenzoylcotom, needles, m.p. 134-135° (Hesse, 
Annalen, 1894, 282, 194). 

IHmethykotoin, m.p. 138°, obtained by the 
action of methyl io(lide and alkali on cotoin, 
yields a monoacetyl derivative, colourless 
needles, m.p. 150°, and hence probably has the 
formula : 

HO-C6H-Me(OMe)2CO-C6H5 

(Ciamician and Silber, Ber. 1894, 27, 418). 

Dibromocotion, colourless needles, m.p. 116°, 
cotoin oxime, C 24 HJ 3 NO 4 , plates, soluble in 
alcohol, difficultly soluble in w'ater (Ciamician 
and Silber, Ber. 1894, 27, 415). 

Mononitrosocotoin, dark red leaflets or 
orange-yellow needles, m.p. 153-154° (Poliak, 
Monatsh. 1901, 22, 996). 

Cotoinnzo-o-toluene, orange-yellow needles, 
m.p. 203-204°, cotoinazo-p-toluene, orange- 
yellow needles, m.p. 207-208°, and cotoinazo- 
benzene, orange-yellow needles, m.p. 183-184°, 
diacetylcotoinazobenzene, scarlet needles, m.p. 
155-156° (Perkin and Martin, J.C.S. 1897, 71, 
1149). 

Cotoin ethyl ether (2-hydpoxy-4-methoxy- 
6 -ethoxybenzophonone), m.p. 91-92°, cotoin 
methyl ethyl ether (2:4-dimethoxy-6-ethoxy- 
benzophenone), m.p. 103-104°, cotoin diethyl 
ether (4-methoxy-2: 6 -diethoxybenzophenone), 
m.p. 82-83°, b.p. 160-170°/0-001 mm. (Spftth 
and Wessely, l.c.). 

p - Toluenesulphonylcotoin (2 - hydroxy - 4 - 

methoxy - 6 - p - toluene - sulphonyloxybenzo- 
phenone), m.p. 138°, di-p-toltienestdphmyl de¬ 
rivative, m.p. 144°. Methylation of the former 
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gives the 'p-ioluenesvlphonyl derivative, m.p. 
112°, of hydrocotoin (2*hydroxy-4:6-dimethoxy- 
benzophenone) (Karrerand Lichtenstein, l.c.). 

A number of polyhydroxybenzophenone de¬ 
rivatives, including produ(;ts found in coto bark 
and related to cotoin, have been prepared by 
W. H. Perkin and Robinson (Proo. Chcm. Soc. 
1906, 22, 305). 

A, G. P. and E. J. C. 

COTOIN V . Goto Bark. 

COTTON FLOWERS. The flowers of the 
cotton plant, according to Watt (“ Dictionary of 
the Economic Products of India ”), are used as 
a dyestuff in the Manipur flistrict. 

The colouring matters present in the flowers 
of the ordinary Indian cotton plant, Gonsypiu^n 
herhace/um, have been studied by Perkin (J.C.iS. 
1899, 75, 826 ; 1913, 103, 650), who isolated a 
mixture of quercetin and gossypetin by digesting 
a concentrated alcoholic extract of the flowers 
with boiling dilute hydrochloric acid. The 
mixture was acetylated and the acetyl deriva¬ 
tives of the colouring matters separated by 
fractional crystallisation from acetic anhydride, 
in which acetylgossypetin is less soluble. 

Qnercitin^ the aglucone of the glucoside 
quercitriny the colouring matter of quercitron 
bark, is 3:5:7:3':4'-pentahydroxyflavonul: 


HO, 




OH 
^OH 


HO 


CO 


COH 


v_/ 


Gossypetin, CigHi^Og, yellow needles, m.p 
311-313°, closely resembles quercetin in appear¬ 
ance, and is readily soluble in alcohol, hut only 
very sparingly soluble in water. Concentrated 
alkaline solutions dissolve it forming orange-red 
liquids which, on agitation and dilution with 
water, become green, then blue, and finally 
assume a dull brown tint. Alcoholic lead acetate 
gives a deep red precipitate in the cold, passing 
into dull browm at the boiling-point, and with 
alcoholic ferric chloride a dull olive-green liejuid 
is obtained. 

Gossypetin forms crystalline comj)ound 8 with 
mineral acids and yields a monopoiassivrn 
derivative, CjgHpOgK, with alcoholic potassium 
acetate. Hexa-acetylgossypetiriy colourless 
needles, melts at 228-230°. By fusion with 
alkali, gossypetin gives protocatechuic acid and 
a phenolic substance which has not yet been 
identified. 

When gossypetin hexamethyl etheVy colourless 
needles, m.p. 170-172°, is hydrolysed wdth 
alcoholic potash, protocatechuic acid dimethyl 
ether and gossypiiol tetrainethyl ethery C 12 H 20 O 0 , 
needles, m.p. 115-116°, are produced. In a 
similar manner, gossypetin hexaethyl eihery m.p. 
144-146°, yields protocatechuic acid diethyl 
ether and gosaypitol tetraethyl ether, 

H0CeH(0Et)3C0CH20Et, 

m.p. 110-111°. The latter forms an oxime, 
Cx.H^O.N, m.p. 127-129°, and when oxidised 
with permanganate gives gossypetonic acid. 


HOC 8 H(OEt) 3 CO COOH, yellow needles, 
m.p. 154-155°. 

As a result, Perkin concluded that gossypetin 
is hydroxy quercetin : 



By the oxidation of (|uercetin with chromic 
acid, Nicrenstcin and Wheldale (Bcr. 1911, 44, 
3487) obtained quen^etone, which, on simul¬ 
taneous acetylation and reduction and subse¬ 
quent saponification, yielded hydroxy quercetin. 
To this substance, which is not identical with 
gossypetin. formula (I) was assigned, and its 
synthesis was descTibed by Nicrenstcin (J.C.S. 
1917, 111, 4). On the other hand. Baker, 
Nodzu and Robinson {ibid. 1929, 74) obtained 
results which confirm the work of Perkin but 
are irreconcilable witli that of Nier(M)stein. 
These authors synthesised gossypetin by vera- 
troylation of the triniethoxyresacetophenone 
(II). The hydroxypentamethoxyfiavono (Ill) 
thus formed gave gossypetin (I) on demethy- 
lation. 

MeO 

HO.'^^^.OH 

^CO CHg OMe 
MeO 

II. 



Gossypitone.—When an alkaline solution of 
gossypetin is exposed to air, the blue liquid on 
acidification yields a reddish-brown precipitate 
which, on gentle warming, becomes crystalline. 
Again, if benzoquinone is added to a solution of 
gossypetin in cold absohite alcohol, a similar 
reaction occurs. On keeping for a few minutes 
crystals begin to separate, and by then heating 
to 50° a semi-solid mass is obtained. This 
substance, gossypitonCy Cj 5 HgOH, consists 
of microscopic needles of a dull red colour, which 
are difficultly soluble in the usual solvents. 
It dissolves in dilute alkalis with a pure blue 
coloration and its solution in concentrated 
sulphuric acid is dull brown. Sodium bisulphite 
solution reconverts it into gossypetin. Gossypi¬ 
tone possesses strong dyeing properties, and gives 
the following shades on mordanted woollen 
cloth : 


Aluminium . 
Chromium 
Tin . . . 

Iron . 


. Orange-browm. 
. Dull brown. 

. Orange-red. 

. Deep olive. 



406 


COTTON FLOWERS. 


These shades are identical with those given in 
these circumstances by gossyjpetin itself, and it 
is accordingly evident that during the dyeing 
operation oxidation of the latter to gossypitone 
takes place. 

The glucosides present in cotton flowers have 
been examined by Perkin (J.C.S. 1909, 95, 2181), 
who in the first place employed the Egyptian 
variety. The Egyptian cottons appear, accord¬ 
ing to the researches of Messrs. Fletcher and 
Balls, to be derived from natural crosses of 
brown Peruvian cottons with the Sea Island 
variety. 

Three glucosides, quercimeritrin, goasypitrin, 
and i&oquerciirin were isolated, with difficulty, 
from a concentrated alcoholic extract of the 
flowers. 

Quercimeritrin, CgiHgoOigfSHjO, small, 
glistening, bright yellow plates, m.p. 247-249°, 
is insoluble in cold and fairly readily soluble 
in boiling water. Its alkaline solutions possess 
a deep yellow tint ; with aqueous lead acetate 
it gives a bright red precipitate, and with ferric 
chloride an obve-green coloration. Octa-acetyl- 
quercimeritrin forms needles, m.p. 214-216°. 
By hydrolysis with dilute sulphuric acid querci¬ 
meritrin yields quercetin and glucose. 

On mordanted woollen cloth, quercimeritrin 
gives the following shades : 

Aluminium . . . Orange-yellow. 

Chromium . . . Reddish-brown. 

Tin .Bright orange. 

Iron .Olive-brown. j 


With the exception of the iron mordanted 
pattern, which is of a rather browner character, 
the colours thus produced closely resemble those 
given by quercetin itself when dyed in a similar 
manner, and are widely different from those 
given by rutin and quercitrin. 

The position of the sugar group in quercimeri- 
trin has been determined by Attree and Perkin 
(J.C.S. 1927, 234). With diazomethane the 
glucoside yields almost colourless needles of the 
pentamethyl ether, C2iHi507(0M 0)5,2 HgO, 
m.p. 203-205°, sintering at 197°. By hydrolysis, 
colourless needles of a sparingly soluble quercetin 
tetramethyl ether, m.p. 284-285°, are obtained, 
the acetyl derivative of which melts at 174-176°. 
As this, when digested with alcohohe potash at 
180°, readily gives veratric acid and phloro- 
glucinol monomethyl ether, it is evidently the 
hitherto unknown 3:5:3^: 4'-tetramethoxy-com- 
pound. Quercimeritrin, therefore, has the 
formula : 



which is in harmony with its dyeing properties. 

Quercimeritrin is also present in the flowers 
of the Prunua emarginata ? (Finnemore, Pharm. 
J. 1910, (iv), 31, 604) and Helianthua annuua 
(Sando, J. Biol. Chem. 1926,68, 407). 

Gossypitrln, CjiHg^jOis, yeUow needles, 
m.p. 240-242°, (4-H 2 O) m.p. 200-202°, dis¬ 
solves in alkalis with a pale yellow coloration, 


and gives with lead acetate a deep red precipi¬ 
tate. It is almost insoluble in boding acetone, 
a property which readily distinguishes it from 
quercimeritrin, which is fairly soluble in this 
solvent. When hydrolysed with dilute sul¬ 
phuric acid, gossypitrin yields gossypetin and 
glucose. Acetylgossypitrin, 

C2iHiiOi3(COCH3)2, 

colourless needles, m.p. 226-228°, is almost 
insoluble in alcohol. 

Gossypitrin reacts, like gossypetin itself, with 
benzoquinone and forms a quinono, goasypitrone, 
C 2 iHigOi 3 , maroon-coloured needles, which 
possess no definite melting-point although fusion 
of the product occurs about 255-259°. By the 
action of warm dilute sulphurous acid solution 
it is reconverted into gossypitrin. 

Identical shades are given by gossypitrin and 
gossypitrone on mordanted wool : 

Aluminium . . . Dull yellow. 

Chromium . . . Reddish-brown. 

Tin .Bright orange. 

Iron .Dark olive-brown. 

and it is thus evident that the former is con¬ 
verted into the latter during the dyeing process. 

The sugar residue of gossypitrin is probably 
attached to the hydroxyl group in the 7-position. 

isoQuercitrin, C2iH2oO,2,2H20, pale yel¬ 
low needles, m.p. 217-219°, is sparingly soluble 
in water and dissolves in alkaline solutions with 
a deep yellow tint. It gives a bright yellow 
precipitate with aqueous lead acetate and when 
hydrolysed yields quercetin and glucose. 

By methylating t«oquercitrin with diazo¬ 
methane, Attree and Perkin (Z.c.) obtained pale 
yellow, flat needles of a methylated derivative, 
m.p. 150-152°, which on hydrolysis gave 
5:7:3': 4'-tetramethoxyflavonol. i\soQuercitrin 
thus has the structure : 

OH 

C~/ )OH 

V 

I ^0C,H„0, 



On mordanted wool isoquercitrin gives the 
following shades which are entirely distinct 
from those given by quercimeritrin and, although 
slightly paler, resemble those yielded by 
quercitrin : 


Aluminium . 
Chromium 
Tin . . . 

Iron . 


. Golden-yeUow. 

. Brownish-yellow. 
. Lemon-yellow. 

. Brownish-olive. 


woQuercitrin has also been isolated from 
brown-husked maize (Sando and Bartlett, J, 
Biol. Chem. 1922, 54, 629) and from mulberry 
leaves (Oku, J. Agric. Chem. Soc. Japan, 1934, 
10, 1029). 

Among the t 3 rpes of cotton flowers there are 
red, pink, yellow and white flowered plants. 
Perkin (J.C.S. 1916, 109, 145) examined the 
following types : red flowered, O. arhoreum 
Linn. ; pink, G, eanguineum Harsk ; yellow 
and white, two varieties of O, neglectum Tod, 
usually now treated as one species but originally 
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described as Q. negUctum and Q. rosarum. As a | gives with ferric chloride a dark green coloration 


result it was found that the red flowers of O. 
arboreum contain t.?oquercitrin, whereas in the 
yellow flowers of O. neglectum, gossypitrin and 
t>oquercitrin were present. On the other hand, 
the white flowers of O. neglectum and the pink 
flowers of O. eanguineum gave amounts of 
colouring matter too small for complete identifi¬ 
cation, although the respective products ob¬ 
tained resembled in their properties apigenin and 
quercetin. 

An examination of the ordinary Indian cotton 
flower, O. herbaceum, available only in small 
amount, showed the presence of gossypitrin and 
woquercitrin. On the other hand, Neelakantam, 
Rao and Seshadri (Proc. Indian Acad. Sci. 1935, 
2, A, 490) find that the petals of 0. herbaceum 
from Coimbatore, South India, contain gossy¬ 
pitrin, quercitrin (instead of i^oquercitrin), and 
a flavonol gluooside herbacitrin^ m.p. 247-249®, 
with small quantities of gossypetin. Herba- 
citrin forms an octa-acetyl derivative, m.p. 214- 
216®, and on hydrolysis yields herbacetinf m.p. 
279-281°, identical with 3:5:7:8:4'-penta- 
hydroxyflavone synthesised by Goldsworthy and 
Robinson (J.C.S. 1938, 66). The colour re¬ 
actions of herbacitrin indicate that it is the 
7-glucoside of horbacetin (Neelakantam and 
Seshadri, Proc. Indian Acad. Sci. 1937, 6, A, 
367). 

According to Neelakantam, Rao and Seshadri 
{ibid, 1936, 1, 887), quercetin and quercimeritrin 
are present in the flowers of 0. hirsutum in 
proportions which vary with variety, locality 
and season. From the petals of G. indicum^ 
Neelakantam and Seshadri {ibid. 1936, 4, A, 54) 
isolated gossypm, m.p. 230® (decomp.), which 
by hydrolysis yielded gossypetin and glucose 
and a non-glycosidic substance, CjpHjgO*, 
m.p. 255-257°, the acetyl derivative of whicn 
melts at 186-187°. In addition, gossypitrin, 
herbacitrin, and quercetin were isolated. 

Gossypetin is also present in the flowers of the 
Hibiscus sabdariffa or “ red sorrel ” of the West 
Indies, a small shrub which is widely cultivated 
throughout the hotter parts of India and Ceylon 
(Perkin, J.C.S. 1909, 95, 1855). The stems 
yield the “ Rozelle hemp ” of commerce. 

A. G. P. and E. J. C. 

COTTONSEED, COLOURING MAT¬ 
TER OF. Cottonseeds contain, in addition to 
cottonseed oil, a highly toxic phenolic substance, 
gossypol, which remains dissolved in the oil when 
this is expressed. 

By extracting the oil with caustic soda and 
neutralising the extract, a voluminous precipi¬ 
tate of the colouring matter admixed with fatty 
acids and the products of its own oxidation 
separates. Marohlewski (J. pr. Chem. 1899, [ii], 
60, 84) isolated gossypol from a partially pxirified 
preparation of this character by extraction with 
ether and repeated crystallisation from acetic 
acid. The small yellow prisms melted at 188®, 
and dissolved in sulphuric acid with a cheny- 
red coloration, a reaction by which the presence 
of gossypol in cottonseed oil can be detected. 
Gossypol dissolves in alkalis forming yellow 
solutions which are readily susceptible to air 
oxidation and rapidly become violet and then 
slowly fade. An alcoholic solution of gossypol 


and with neutral and basic lead acetate a deep 
yellow precipitate. According to Marchlewski, 
gossypol appears to possess 2 hydroxyl groups, 
but contains no methoxyl groups, and is not a 
glucoside. It dyes iron-mordanted material a 
grey shade, and can be employed on cotton as 
a mordant for the basic colouring matters. 

Carruth (J. Amer. Chem. Soc. 1918, 40, 647) 
isolates gossypol from the decorticated cotton¬ 
seed kernels which have been crushed by 
rollers before they are “ cooked ” in the oil mill. 
From these a considerable amount of oil is 
removed by percolation with light petroleum, 
and the residue is extracted with ether and the 
extract concentrated. The product is treated 
with acetic acid and, on keeping, crystals of 
gossypol acetate separate. To obtain gossypol 
itself, an ethereal solution of the acetate is 
treated with water and the ether distilled off. 
The gossypol thus remains suspended in the 
water as crystalline crusts. 

A second interesting method consists in adding 
aniline to an ethereal extract of cottonseed. 
The solution, after warming on the water-bath 
and standing, gradually deposits an orange- 
yellow microcrystalline precipitate which ap¬ 
parently consists of an aniline salt of gossypol. 
The yield is practically quantitative, and the 
process may bo used to estimate gossypol in 
extracts of cottonseed products. To regenerate 
gossypol, the aniline compound is dissolved in 
hot alcoholic potassium hydroxide, the aniline 
removed by steam distillation, and the gossypol 
precipitated by acidifying the alkaline liquid. 

Gossypol has been examined by Clark (J. Biol. 
Chem.‘1927, 75, 725 ; 1928, 76, 229 ; 77, 81 
78, 159 ; J. Amer. Chem. Soc. 1929, 51, 1476, 
1479), who isolated the substance by the method 
of Carruth {l.c,). After removal of acetic acid 
the product separated from a mixture of other 
and light petroleum in crystalline form, m.p. 214° 
(decomp.). Analysis gave the formula CgQHjoOg. 
Goss 3 rpol yields a dioxime, m.p. 315®, and by 
acetylation a hexa-acetyl derivative, m.p. 276- 
277°, four of the acetyl groups of which are readily 
hydrolysed, whilst the remaining two are more 
resistant to attack. Gossypol thus contains 
2 carbonyl groups and 6 hydroxyl groups. 

Gossypol acetate, C 8 oH 3 oOg C 2 H 402 , m.p. 
189-190° (dccomp.), a molecular compound 
of gossypol and acetic acid, is evidently the 
substance described by Marchlewski as the free 
colouring matter. It is a comparatively stable 
substance, and when heated does not evolve 
acetic acid readily below 180°. The absorption 
curve shows maxima at 3,780 A and 2,390 A 
and a minimum at 3,220 A (Griinbaumdwna and 
Marchlewski, Biochem. Z. 1936, 286, 296). 

When heated at 216°, gossypol loses 2 mols. 
of water and forms anhydrogossypol, m.p. 268° 
after softening at 229-230°. 

With aniline, gossypol forms a dianilide, m.p. 
302-303°, apparently a condensation product 
of 1 mol. of gossypol with 2 mols. of aniline and 
elimination of water, but not a salt of gossypol 
as Carruth {l.c.) has suggested. 

According to Karrer and Tobler (Helv. Chim. 
Acta, 1932, 15, 1204), gossypol, m.p. 199® 
yields a quinoxaline derivative, m.p. 298° (after 
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sintering and decomposition), and is thus an 
a-diketone or, more probably, an o-qiiinonc. 
The dihydrazone derivative, m.p. about 285°, 
gives with sodium ethoxide at 180° a substance, 
^30*^34^ 6 which contains the grouping 

-CHg 

—CrNNHa 

Two of the hydroxyl groups of gossypol titrate as 
acids, and two are resistant to hydrolysis when 
esterified. 

Oxidation of gossypol with cold alkaline per¬ 
manganate yields formic, acetic and i^obut^’^ric 
acids. The jdold of the last-named is approxi¬ 
mately one molecular proportion, and this is con¬ 
sidered to indicate the presence of an 4 >obutyl 
group in the side-chain of gossypol. With chromic 
acid, hexa-acetylgossypol gives a bright yellow 
substance, tetra-acetylgossypolone, 

^25 ^ 18^4 

which chars at 230°. This reaction suggests the 
removal of CsHg from, and the formation of two 
additional quinono groups in, the gossypol 
nucleus. (Clark, l.c.). With ozone, gossypol 
yields gossypolic acid, probably (C 12 H 2404 ) 2 , 
m.p. 241°, which is shown by colour reactions 
to be an a-hydroxy-acid. Methyl rnethylgossy- 
palate, [CijH i 202 ( 0 Me) 2 l:r, m.p. 142°, gives 
meihylgossypolic acid, m.p. 225°, by hydrolysis 
(Karrer and To bier, l.c.). 

Schmid and Margulies (Monatsh. 1935, 65, 
391), by catalytic reduction of gossypol, obtained 
hydrogossypol, CgoHggOg, decomposing at 320°, 
which does not form an additive compound with 
acetic acid but yields a hexa-acetyl derivative 
(decomp. 235°) on acetylation. When distilled 
with zinc dust it gives )3-n?oamylnaphthalene and 
a substance containing oxygen, m.p. 234-238°, 
b.p. 180°/12 mm. By oxidation of hydro¬ 
gossypol with alkaline peroxide, butyric acid 
is obtained together with unidentified com¬ 
pounds. 

By extracting cottonseeds wdth chloroform, 
Podolskaya (Biochem. Z. 1936,284, 401) isolated 
a rod crystalline gossj^pol which differs from 
yellow gossypol in its absorption spectrum. On 
the other hand, both yield the same aniline 
derivative, and the red pigment changes to the 
yellow in alcoholic solution. It is suggested 
that the red colouring matter is present in the 
seed, and is changed to the yellow under the 
influence of reagents. 

opoGossypol. —By heating gossypol with 
40% sodium hydroxide at 1(X)°, upogossypol, 
CggHgoOg, is obtained together with formic 
acid resulting from the elimination of the 2 
carbonyl groups originally present. apoGossypol 
is considerably less toxic than gossypol. It 
yields a hexamethyl ethe.r, m.p. 259°, and a hexa- 
acetyl derivative, m.p. 291°. 

Oxidation of hexa-acetylapogossypol in acetic 
acid with chromic acid yields ietra-acetyl&po- 
gossypolone, C 22 H 20 O 2 (OAc) 4 , m.p. 230°. apo- 
Gossypol hexamethyl ether is oxidised in a 
similar manner to yellow tlt-gossypolone tetra- 
methyl ether, C2gH2204(OMe)4, m.p. 210 °. 
This change is considered to involve the for¬ 


mation of 4 quinone groups without loss of 
carbon from the apogossj^ol skeleton. 

6- and C-Gossypols. —When gossypol is 
heated to 186-190° it fuses with the evolution 
of vapour, and then solidifies to a black mass. 
On treating the residue with ether, a sparingly 
soluble yellow crystalline compound, B-gossypol, 
separates, which is much loss toxic than gossypol 
and melts at about 246-248°. Again, by fusion 
with alkali, a second new crystalline substance, 
C-gossypol, can bo obtained, and this, which is 
soluble in alkalis with a blue colour, is probably 
closely related to the purple oxidation product 
of gossypol referred to above. 

D-Gossypol. —Cotton seed meal which has 
been submitted to the ‘‘ cooking process ” loses 
much of its toxic property, and then contains 
practically no gossypol. By extracting this 
product with aniline, the aniline compound of 
D-gossypol can be isolated (yield, 1 - 2 %). 
Alcoholic potash converts this substance into 
D-gossypol, yellow crystals which darken and 
soften at about 256° (Carruth, l.c.). 

Sherwood (J. Agric. Res. 1926, 32, 793) 
observes that during the manufacture of cotton¬ 
seed meals 75^{, or more of the gossypol present 
is converted into the less toxic D-gossypol, 
and this he suggests is a hydrolysis product of 
the unstable gossypol. According to Gallup 
(Ind. Eng. Chom. 1927, 20, 59), the extent to 
wdiich gossypol is converted into D-gossypol 
depends on temperature, time of heating, and 
amount of water present. Continued heating, 
e 8 i)ecially in the presence of water, destroys the 
D-gossypol, finally giving a product free from 
both forms of gossypol and almost non-toxic. 

According to Clark {l.c.), D-gossypol yields 
dianilinogossypol with aniline. 

A. G. P. and E. J. C. 

COTTONSEED OIL, an important bj’^- 
product of the cotton industry is prepared 
on an enormous scale from the seeds of the 
several species of the cotton plant, Gossypiurn sp., 
which grows wild as a perennial shrub in the 
tropics, and is extensively cultivated (as an 
annual crop) for the sake of the fibre in hot but 
non-tropical regions in many parts of the world. 
In the United States the “ Upland cotton,” 
G. hirsytum L., in which the seed is covered with 
a short fuzzy down (“ linters ”) in addition to the 
longer cotton fibre, is cultivated, whereas in the 
Sea Islands and Egypt, G. barbadense is grown, 
which furnishes “ naked ” or “ bald ” seeds, 
from which all the cotton fibre (lint) can readily 
be stripped. The Indian and Asiatic varieties 
of cotton include the ill-defined species 
G. herbaceum, G. arboreum, G. indicum and 
G. neglectum, whilst the indigenous South 
American cotton plants are frequently classified 
as separate species G. acuminatum {=Q, peru- 
vianum Cav.) and G. brasiliense Macf. {~G. 
peruvianum Engl.). Whilst the native cottons 
yield almost naked seeds, fuzzy seeds from 
cultivated varieties of “ Upland ” cotton are 
also exported from Brazil. 

For classification of the cottons, see Watt, 

“ Wild and Cultivated Cotton Plants of the 
World,” 1907 ; Kew BuU. 1926, No. 5, 193 ; 
1927, No. 8 , 321 ; J. B. Hutchinson, Mem. 
Cotton Res. Stat. Trinidad, Ser. A (Genetics), 
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No. 12,1935 ; T. H. Keamey and G. J. Harrison, 
J. Agrio. Res. 1928, 37, No. 8 , 465 ; H. B. 
Brown, “Cotton,” 1927; Angelasto, Boyle, 
Meloy and Stine, “ The Cotton Situation,” 
U.S. Dept. Agric. Year Book 1921, 323). 

In this country, 1 cottonseed appears to have 
been first expressed in 1847, and refined edible 
cottonseed oil was being produced in France, 
from Egyptian seed, in the middle of the nine¬ 
teenth century. In the United States, however, 
the development of the industry, hampered as 
it was by the lack of proper methods for decorti¬ 
cating the seed and for refining the oil, and 
further checked by the Civil War, was very 
slow ; prior to I860 practically the wdiole of 
the seed not required for planting was wasted, 
and although numerous attempts at oil produc¬ 
tion were made from 1820 onwards, the com¬ 
mercial establishment of the cottonseed industry 
in America and its rapid progress may be said 
to date only from as late as 1867-1870. (For 
the early history of the (!ottonseed industry, c/. 
Lam born, “ Cotton Seed Products,” New York, 
1904.) SiiKje then, and especially within the 
present century, the industry has expanded to 
such enormous dimensions that the United States, 
which formerly exported large quantities of 
cottonseed oil to Grciat Britain and Europe, now 
not only consumes internally the whole of her 
vast crop of over 3-4 million tons p.a. of seed 
(equivalent to about 510,0(MJ-700,000 tons of 
oil), but imports in addition a considerable 
amount of cottonseed oil (57,000 and 86,600 tons 
in 1936 and 1937 respectively) from the United 
Kingdom (from one-third to one-fifth of the 
total), Japan, Brazil and Egypt. The annual 
import of cottonseed into the United Kingdom 
(chiefly from Egypt, 8 udan and British East 
Africa, and Brazil) amounts to some 600,000- 
700,000 tons, and the export of oil to some 
23,000-40,000 tons. India, which was formerly 
an important supplier of seed to this country, 
has ceased to export seed since about 1932, the 
whole crop (c. 2 , 000,000 tons p.a.) being con¬ 
sumed locally and only the expressed cake being 
exported. Large quantities of cottonseed are 
also grown (chiefly for local use) in South Russia 
(c. 850,000 tons p.a. from 1931-1934) and China 
(c. 1,250,000 tons p.a.). 

About 1,000 lb. of seed are obtained per bale 
(500 lb.) of cotton fibre produced. The seed 
consists of about 40-55% of shell (“ hull ”) and 
45-60% of kernel, and contains as a rule from 
6 to 12% of water, 15 to 25% of oil, 19 to 24% 
of proteins, 24 to 31% of carbohydrates, 14 
to 21% of crude fibre, and 3 to 4-5% of ash. 
The proportion of oil varies with the origin of 
the seed as well as with local climatic conditions ; 
thus on the average, whilst Egyptian seed con¬ 
tains up to 24% of oil and South American seed 
from 20 to 21%, East Indian seed averages 
about 18% and American seed about 19-5% of 
oil. For commercial statistics, the oil equivalent 
of cottonseed is taken as 17 or 18%. 

A distinction must be made in practice 
between the “ naked ” or “ bald ” seed from 

^ As early as 1783-1789 a prize was offered by the 
Society of Arts of London for a satisfactory process 
for the preparation of oil and cattle-cake from cotton¬ 
seed, but this was never claimed. 


Egypt, etc., which is processed in England, 
France, etc., and can be crushed and expressed 
directly, and the seed from the “ fuzzy ” varieties 
of cotton which necfl to be decorticated before 
expression, sinct^ oven aft/or ginning and dehnt- 
ing, the seed-hulls retain a fuzzy coating of 
short fibres, the presence of which in the seed¬ 
cake would be undesirable. After removing as 
much as possible of this “ linters ” (which is 
used in the manufacture of guncotton, paper 
and other cellulose derivatives) in gin-like 
“ delinting ” machines, the seeds are passed 
through “ hullers ” in order to crack the hulls, 
which can then be 8ei)aratcd from the kernels 
or “ meats ” by sifting through shaker screens. 
Cheraieal methods of removing the linters, 
e.g. by treatment with acid fumes {see. Ardashev, 
Ind. Eng. Ohern. 1933, 25, 575 ; Ardashev and 
others. Cotton Ind. Trust, U.S.S.R., Coll. Papers, 
1933, No. 1, 38, 40, 55, 83), arc less frequently 
resorted to except for analytical purposes. 
The “ meats,” or in the (lase of the “ bald ” 
varieties the whole seeds, are then crushed 
and “ cooked ” (i.c. heated in the presence of 
open steam) before expressing the oil in hydraulic 
presses. Both the Anglo-Ain(‘rican and the cage- 
typo of pre.ss an^ commonly employed, but, of 
recent years, the continuous-acting cxpeller 
type of j)rcsH lias also been employed in the 
Ihiited States; such “ expeller oil ” is still 
frequently <lcnoted by the misleading term 
“ cold-prcHscd oil,” although, in fact, the crushed 
seed is nowadays steamed and pre-hcated before 
being passed into the exjiellcr. 

ILo (extraction of the oil from the seed by 
means of solvents has also been proposed (see 
I). Wesson, Oil and I^at Jnd. 1933, 10, 151 ; de 
Racdt, Mat. Grasses, 1935, 10673). 

Any “ lb(As ” or fragments of crushed seed- 
meal are separated or filtered off from the oil 
before storage for sale as “ crude cottonseed 
oil.” The separated “ hulls ” may be used 
as bcalding for cattle, as a fertiliser, or as fuel ; 
according to Jamieson (“Vegetable Fats and 
Oils,” A.C.iS. Monograph. 1932 ; c/. Kress, 
Cotton Oil Press, 1930, 3, No. 12, 33) increasing 
quantili(‘s, after removal of the “ Inill-fibre ” 
(linters) in .special machines, are ground to make 
“ bull-bran,” which is added to the expressed 
seed-cake intended for use as cattle-food, 
l^roposals have also been made to work up the 
hulls by destructive distillation (see Randolph, 
Grove and Tucker, J. Elisha Mitchell fSci. Soc. 
1932, 48, 26) or for the recovery of pentosans, 
furfural, etc. (.see Zakoshikov, Ivanova and 
Kurennova, Cotton Ind. Trust, U.iS.S.R., CoU. 
Papers, 1933, No. 1, 87 ; Zukervanik and others, 
BuU. Univ. Asie Centr. 1935, No. 21, 69 ; Kao 
and Yii, J. Chem. Eng. China, 1936, 3, 
331). 

Expressed cottonseed cake (or meal) serves as 
a valuable ingredient of cattle-food, whilst 
inferior grades are employed as fertiliser ; the 
use of cottonseed meal for human consumption 
has been suggested (see Wesson, Oil and Fat Ind. 
1926, 3, 121 ; Baumgarten, Cottonseed Oil 
Mag. 1924, 40, No. 10, 28). 

Standard methods for the analysis and evalua¬ 
tion of cottonseed, including determinations of 
oil, nitrogen, etc., have been published by the 
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Amer. Oil Chem. Assoc. (Standard Methods of 
Analysis); U.S. Dept. Agric., Service and Reg. 
Announcements, Bur. Agr. Economics, No. 133, 
1932 ; Assoc, of Off. Agric. Chem. (Official and 
Tentative Methods of Analysis); see Jamieson 
and McKinney, Oil and Eat Ind. 1930, 7,291 ; 
Meloy, ibid. 135; 1931, 8, 187 ; for the deter¬ 
mination of “ lint ” and “ hull fibre,” see also 
Freyer, Oil and Soap, 1935, 12, 208, 269; 
McKinney and Jamieson, ibid. 1936, 13, 139. 

Raw cottonseed kernels are studded with 
cells containing a deep red-brown colouring 
matter, with which is associated a highly toxic 
phenolic substance “ gossypol,” CgoHg^Og {see 
Cotton Seed, Colouring Matter of). 

Some of this toxic material, which occurs to 
the extent of about 0-4-1-2% of the kernel (see 
Schwartze and Alsbcrg. J. Agric. Res. 1923, 25, 
285; Gallup, Oil & Soap, 1936,13, 191), may 
pass into the oil, if this is really expressed in the 
cold ; however, under the action of moist heat, 
incidental to the “ cooking ” process in com¬ 
mercial oil recovery, the gossypol appears to 
combine with the seed proteins and is converted 
into a harmless substance known as “ bound 
gossypol ” or “ D-gossypol,” so that the 
industrial press-cake, if properly prepared, 
should not possess any toxic properties {see 
Clark, J, Biol. Chem. 1928, 76, 229; Oil and Fat 
Ind. 1928, (5), 237 ; 1929, 6 , No. 7, 15 ; Mcnaul, 
J. Agric. Res. 1923, 26, 233; Oil and Fat Ind. 
1928, 5, 333. N.B .—The ill-effects occasionally 
observed to arise from the over-feeding of cattle 
on cottonseed meal, which were formerly attri¬ 
buted to the action of gossypol, are now con¬ 
sidered to be, in large part at least, due to the 
lack of certain proteins and other dietary 
factors in the meal, and can be remedied by 
the addition of appropriate food supplements 
to the feed {see Clark, l.c. ; Gallup and Reder, 
J. Agric. Res. 1935, 51, 259; 1936, 52, 65) ; for 
the determination of total and “ bound ” 
gossypol in cottonseed meal, see J.O. Halverson 
and Smith, Ind. Eng. Chem. [Anal]., 1933, 5, 
319; 1934,6,356; 1937,9,616. 

Correspondingly, only traces of the order of 
0*06% of gossypol (? “ bound ” gossypol) are to 
be found in commercial hot-pressed crude cotton¬ 
seed oil see Royce, Oil and Soap, 1933, 10, 
183 ; 1934, 11, 116) ; larger amounts (up to 
1 %) have been found in expeller-pressed and in 
solvent-extracted oils. However, any gossypol 
present in the crude oil is completely removed 
during the normal refining treatment with 
alkali. 

Owing to the presence of the colouring matters 
(which include plant-pigments and resins, see 
Jamieson, Oil and Fat Ind. 1925, 2, 101 ; 
Thornton, jun., ibid. 1934,11,209), crude cotton¬ 
seed oil has a ruby-red to almost black colour, 
the depth of the colour depending in the first 
instance upon the freshness of the seed. Seed 
that has been stored for a long period may under¬ 
go deterioration (“ heating ”), which is reflected 
in the inferior quality of the oil obtained there¬ 
from. Crude cottonseed oil is valued and 
graded according to its flavour, acidity, refining 
loss, and the quality of the refined oil producible 
from it ; in the American trade, 6 grades from 
“ Prime ” to “ Low-Grade ” in addition to 


“ Extracted ” and ** Cold-Pressed ” {i.e, ex- 
poller-) oils are recognised {see “ Book of Rules ’* 
of the National Cottonseed Products Assoc.). 
Standard methods for the examination of crude 
cottonseed oils, including determination of 
“ refining loss ” and the behaviour in bleaching 
tests are issued by the above body ; cf. also 
Official Methods of the Amer. Oil Chemists* 
Society. The usual determination of “ refining 
loss ” has been modified by McLeod (Oil and 
Soap, 1936, 13, 67) in order to render it applicable 
to the examination of English pressed-oils. 

The crude oil is refined by treatment with 
dilute caustic soda at a temperature not ex¬ 
ceeding 120°F. (49°C.), whereby the free fatty 
acids are neutralised, and the soap formed 
(“ soap-stock ”) falls to the bottom of the 
vessel, carrying with it the brown colouring 
matter and other impurities, so that the super¬ 
natant neutral oil is of a bright yellow colour. 
This oil, which is washed to remove traces of 
soap, is known as “ summer yellow oil,” and 
may be bleached with adsorbent earths and 
deodorised as required. Oils intended for 
technical purposes may bo treated with chemical 
bleaching agents. 

The best qualities of refined oil, which have 
not been bleached with chemicals, are consumed 
in enormous quantities for edible purposes ; 
thus it is estimated (Jamieson) that of the total 
production of cottonseed oil in the United States, 
16% is employed as a salad or cooking oil, 2 % 
for margarine manufacture, and 70% (much of 
it after hardening by catalytic hydrogenation) 
in the manufacture of shortenings (lard sub¬ 
stitutes) ; the balance of 12 % of technical oil, 
and also the fatty acids recovered by working up 
the “ soap-stock,” are chiefly utilised in the 
manufacture of various types of soap and soap- 
powders. The Indian and Egyptian cottonseed 
oils are used to a greater extent in soap-making. 

By the destructive distillation of cottonseed 
! oil combustible gases and hydrocarbon oils can 
i be produced {see Egloff, Ind. Eng. Chem. 1932, 
24, 1426 ; Martin, Bull. Mat. Grasses, 1932, 16, 
97), and it is possible that the application of 
such processing to low-grade crude oils, or to 
cottonseed itself, may have a certain commercial 
significance in remote districts, such as Central 
Africa, where imported petroleum products are 
abnormally expensive. 

Refined cottonseed oU (“ summer oil ”) is, at 
ordinary temperatures, a pale yellow oil of 
characteristic but not unpleasant flavour ; on 
standing at about 12 “C. a deposit of “ stearin,’* 
i.e. higher melting glycerides, is formed. As this 
“ stearin ** would be objectionable in the case 
of oils intended for use as table or salad oils, it is 
removed on the large scale by chilling the oil 
to a low temperature ( 6 ® C. or lower) and filtering 
off the deposited glycerides ; the filtered oil, 
known in commerce as “ winter oil ” (“ demar- 
garinated ” or “ destearinated ” oil), is required 
to remain clear and bright when kept at a 
temperature of 0 °C. for 5J hours ; the discarded 
“ stearin *’ is used in the manufacture of 
shortenings. The specific gravity of refined 
summer cottonseed oil ranges from 0*923 to 
0*926 at I5*6°C. ; the saponification value varies 
from 190 to 196 and the iodine value from 108 
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to 116 ; about 1 % of unsaponifiable matter is 
present. On the whole, the oil from Egyptian 
seed tends to have a lower density and iodine 
value than the North American product 
(see Jamieson and Baughman, J. Amcr. Chem. 
Soo. 1920, 42, 1197 ; Oil and Fat. Ind. 1926, 
8, 347 ,* 1927, 4, 131 ; Perdrigeat, J. Pharm. 
Chim. 1930, [viii], 12 , 307) ; thiocyanogen values 
of 63-64-8 are recorded for throe Egyptian oils by 
Atkinson (Analyst, 1934, 59, 399). Analyses 
of cottonseed oils by Jamieson and Baughman 
{l.c. 1927) and Hilditch (Hilditch and Rhead, 
J.S.C.T. 1932, 51, 200T ; Hilditch and Jones, 
ibid. 202 ) show that the fatty acids of cottonseed 
oil contain from 19 to 22% of palmitic acid, 
24 to 34% of oleic acid, and 39 to 50% of linoleic 
acid ; only from 1-5 to 2-5% of stearic acid is 
present together with small amounts (0-5-3%) 
of myristio acid (?) and aracliidic acid (<C 1 %)- 
Practically the whole of the palmitic acid is 
associated with unaaturatod fatty acids in 
mixed glycerides, only about 1*5% of fully 
saturated glycerides being present ; the balance 
of the oil appears to consist of about 60% of 
mono-palraito-glycerides, 15% of di-palmito- 
glycerides, and 24% of mixed triglycerides of 
oleic and linoho acids (Hilditch and Jones, 
J.S.C.I. 1934, 53, 13T). tS. Ueno and Iwai 
(J. Soc. Chem. Ind. Japan, 1935, 38, Suppl. 602) 
report the following composition for the fatty 
acids in a sample of fully hydrogenated cotton¬ 
seed oil; rnyristic acid, trace ; palmitic acid, 
17%; stearic acid, 76%; higher saturated 
acids (arachidic acid), 7%. 

Besides the sterols (unsaponifiablo matter, 
which includes i 3 -sitosterol, stigmastanol and 
waxy matter, see E. S. Wallis and Chakravorty, 
J. 6 rg. Chem. 1937, 2, 335; Anderson and 
Moore, J. Amor. Chem. 8 oc. 1933, 45, 1944), 
traces of plant pigments (flavone derivatives), 
and phospholipins are also present in the refined 
oil ; these occur in greater amount in crude 
cottonseed oil, together with a number of other 
minor components—raffinose, pentosans, pro¬ 
teoses, peptones, phytostcrolins, inosite phos¬ 
phates, etc. (Jamieson and Baughman, J. Oil 
and Fat. Ind. 1924, 1, 31 ; 1925, 2, 101 ; 1926, 
3, 153, 347) ; a small but bulky precipitate 
(known as “ settlings ”) which occasionally 
settles out from a filtered crude oil consists 
of a mixture of such adventitious “ im¬ 
purities.” 

Cottonseed oil typifies a serai-drying oil : in 
the Livache test it absorbs 6*9% of oxygen in 
24 hours. By blowing air through cottonseed 
oil at a temperature of 90-100°C., oxygen is 
absorbed with the formation of a small amount 
of “ oxidised acids,” while the acetyl value, 
viscosity, and density rise considerably. This 
reaction can be applied on the large scale to the 
preparation of blown cottonseed oil which was 
formerly used to a considerable extent in 
admixture with mineral oil to form lubricating 
oils of the marine oil type. 

As stated above, "hydrogenated (hardened) 
cottonseed oil is used to an enormous extent as 
an ingredient of shortenings. 

For the identification of cottonseed oil, and 
for the detection of it in other oils and fats 
(down to 1% in favourable circumstances), the I 


Halphen colour test ^ is most useful, this test 
is usually carried out as follows: 1-3 c.c. of 
the oil is dissolved in an equal volume of amyl 
alcohol ; 1-3 c.c. of a 1% solution of flowers of 
sulphur in carbon disulphide is added, and the 
test-tube is immersed in boiling water (or, better, 
boiling brine); the heating is continued for 2 
hours or until a red coloration, indicating the 
presence of cottonseed oil, appears (usually 
within 20-30 minutes); the intensity of the 
colour depends in the first instance upon the 
proportion of cottonseed oil in the sample, but 
also varies somewhat with different specimens of 
this oil. The reagent which produces the colour 
appears to be an impurity in the amyl alcohol 
(Gastaldi), and the test may be rendered more 
delicate by replacing this solvent by pyridine; 
in this way, it is claimed that 0-25% of cotton¬ 
seed oil may be detected (Gastaldi, Annali Chim. 
Appl. 1914, 2, 203; Pieraerts and Simar, Mat. 
Grasses, 1928, 8222, 8312; see “German 

Standard Methods for the Analysis of Oils and 
Fats ’’ (Wizoeff). According to Shelley (Analyst, 
1925, 50, 132; see Gastaldi, l.c.; “British 
Pharmacopoeia,” 1932) better results are obtained 
with the original Halphen reaction if the test- 
tube is sealed before heating. Although the 
Halphen test cannot be used for quantitative 
analysis, it must bo considered, if positive, as one 
of the best means for the qualitative detection of 
cottonseed oil; a negative result, however, is 
no conclusive proof of the ab.sence of this oil in 
a mixture, as the colour-producing constituent 
may be destroyed by heating or blowing the oil, 
or even by ran cidification on prolonged storage; 
the test may also fail with hydrogenated cotton¬ 
seed ods. 

E. L. 


COUCH GRASS. Associated in couch 
grass with triticin (a carbohydrate resembhng 
inulin) are dextrose, mucilage, mannitol, and 
inositol) {v. Aobopybum). 

COUMARANE. Coumarane, or hydro- 
coumarone, is prepared by reducing coumarone 
in alcoholic solution with sodium (Alexander, 
Ber. 1892, 25, 2409). It forms a colourless 
oil, b.p. 188-189°, and gives in sulphuric 
acid by addition of ferric chloride a violet 
coloration. 


h/°N 

CH 


Coumarone. 


CH 




Coumarane. 


CH« 


^ Actually, this test Is not specific for cottonseed oil, 

I as the seed oils from most plants of the family Malvaccce, 
and of certain allied families of the cohort Malvalce 
(Bombacacea3, Tiliacew, etc.) give positive reactions 
of greater or less intensity (see S. Ivanov, Ber. deut. 
pharm. Ges., 1927,46,588; Pieraerts, Mat. Grasses, 1927, 
7980). Of such oils, however, only kapok oil (which 
Is not yet Imported into Ana 
importance. According to 
1936, 13, 136) the presence 
by a characteristic turbldlt. 
chloroform solution containing kapok oil is treated with 
alcoholic silver nitrate. It may be noted, also, that 
the body-fat (e.g. lard) from animals which have 
been fed on cottonseed cake may give a weak positive 
Halphen reaction: in such a case, the suspected 
presence of cottonseed oil must be confirmed by the 
phytosteryl acetate test. 


lenca; is or any commercial 
Melenbacher (Oil and Soap, 
of kaT»ok oil may be detected 
V which is formed when a 
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COUMARIN. 


COUMARIN, 

CH 

\8 A,/CO 

o 

was obtained by Vogel (Gilb. Ann. 1820, 64, 163) 
from the tonka bean, from melilot, and from 
woodruff but was mistaken for benzoic acid. 
It was first recognised as a distinct substance 
by Guibort, who gave it the name coumarhi. 
It is a normal constituent of lavender oil and 
is very widely distributed in the i)lant kingdom 
(Gildemeister and Hoffman, “ Die athc^risehen 
Ole,” 1928, Vol. f, p. 6,52). It occurs in plants 
as a glucoside which is hydrolysed by an enzyme 
present in the plant ; for its determination in 
plants, see. Duncan and Dustman, Ind. Eng. 
Chera. [Anal.], 1934, 6, 210. 

it is prepared from tonka beans with 80% 
alcohol, followed by precipitation with w’ater 
(Wohler, Annalen, 18.56, 98, 66) ; it may also 
conveniently be extracted from m(4ilot (Ober- 
mayer, Z. anal. Chem. 1913, 52, 185). 

It was first prc-'pared synthetically by Perkin 
by heating the sodio-dcrivative of salicylaldehyde 
with acetic anhydride (J.G.S. 1868, 21, 53) or, 
better, by boiling togtdher salicylaldehyde, 
acetic anhydride and anhydrous sodium acetate 
{idein.^ ibid. 1887, 51, 388 ; see Tiemann and 
Herzfeld, Ber. 1877, 10, 284). Yanagisawa and 
Kondd (J. Pharm. Soc. .Japan, 1921, 498) have 
described an improved metliod, using iodine as 
a catalyst, which is claimed to give a 70% yield. 
Perkin’s method is that most frequently used 
for the technical production of eoumarin. A 
variant of the process consists in the treatment 
of salicylaldehyde with acetic anhydride at 180° 
(Keychicr, Bull. Soc. chim. 1897, [iii], 17, 516). 

Another method used commercially is the 
condensation of salicylaldehyde with malonic 
acid in acetic acid, followed by decarboxylation 
by heating the eoumarin-3-carboxylic acid so 
formed (Stuart, J.C.S. 1886, 49, 367). 

Coumarin is also formed by heating a mixture 
of phenol and malic acid with sulphuric acid or 
zinc chloride (von Pechrnann, Bor. 1883, 16, 
2119 ; 1884, 17, 929, 1649) ; this may be ex¬ 
tended to the 83 mthesi 8 of substituted coiimarins, 
phenol homologucs being emplo^^ed {sec Bailey 
and Boettner, Ind. Eng. Chem. 1921, 13, 905). 
The most important method of obtaining 
substituted coumarins is by the condensation of 
phenols with ethyl acetoacetate or its alkyl 
derivatives in the presence of sulphuric acid; 
thus, phenol and ethyl acetoacetate yield 4- 
methylcoumarin (von Pechrnann and Duisberg, 
Ber. 1883, 16, 2127 ; von Pechrnann and von 
Krafft, ibid. 1901, 34, 421 ; Peters and 8imonis, 
ibid. 1908, 41, 831). Phenols containing alkyl, 
hydroxyl, or dialkylamino groups in the m- or 
2:4- positions give good yields in the reaction, 
but condensation is prevented by the presence 
of nitro, carboxyl or earbethoxy groups (Clayton, 
J.C.S. 1908, 93, 2018). Phosphoric acid is said 
to be superior to sulphuric acid as a catalyst 
for this reaction (Chakravarti, J. Indian Chem. 
Soc. 1931, 8 , 619 ; 1935, 12, 536) while ethyl 
alcoholic hydrogen chloride brings about con¬ 


densation in good yield when the ordinary 
method fails (Appel, J.C.S. 1935, 1031). 

Coumarin forms rhombic crystals, m.p. 70°, 
b.p. 291°. It has a pleasant aromatic odour 
and is 8})aringly soluble in hot water, readily 
soluble in boiling water, and very soluble in 
alcohol and ether. Crude (Hmmarin may bo 
purified by repeated (T^stallisation from light 
petroleum (Claasseri, Pharm. J. 1897, 4, 161). 

Hot eoiu^entrated alkalis convert eoumarin 
into salts of eoumario acid (cw-o-hydroxy- 
einnamic acid) from which coumarin is re-formed 
by heating with a(;etic anhydride. Reduction 
of coumarin with sodium amalgam in water or 
alcohol or with zinc and sodium hydroxide 
viclds melilotic acid (Zwenger, Annalen Suppl. 
1867,5, 122 ; 1872,8,32 ; Erics and Fickewirth, 
Annalen, 1908, 362, 30, 35). On nitration 6- 
nitrocoumarin is the principal product (Dela- 
lande, ibid. 1842, 45, 337 ; Morgan and 
Micklethwait, J.C.S. 1904, 85, 1233) together 
w'ith a small amount of 8-nitrocoiimarin (Dey 
and Kri.shnamurthi, J. Indian Chem. Soc. 1927, 
4, 197). Sulphonation fields, first, eoumarin-O- 
suljJionic acid and then the 3:6-di8ulphonic acid 
(Perkin, J.C.S. 1871, 24, 52 ; Sen and Chakra¬ 
varti. J. Indian Chem. Soc. 1928, 5, 433). 

The mercuration of coumarins has been 
8tudie<i by a number of workers (Sen and 
Chakravarti, ilnd. 1929,6,847 ; Naik and Patel, 
J.C.S. 1934, 1043 ; Chakravarti, J. Indian Chem. 
Soc. 1935, 12, 139) and the introduction of 
arsenic into the coumarin nucleus by Goswami 
and Das-Gupta {ibid. 1931, 8,417). 

Sodium bisulphite reacts with coumarins to 
give ^-Hulphonic! acids (Dodge, ,1. Amer. Chem. 
Soc. 1916, 38, 448 ; 1930, 52, 1724 ; Dey and 
Row, J.C.S. 1924, 125, 554), a reaction that has 
successfully been applied for the determination 
of coumarin (Radditfe and Sharpies, Perf. and 
Essent. Oil Ree. 1924, 15, 396, 437 ; 1925, 16, 
20 et seq.). 

In Germany, woodruff is steeped in wdiite 
wine, to which it imparts the pleasant aroma of 
eoumarin {Maiwein, Maitrank). Instead of 
woodruff, an alcoholic solution of coumarin is 
employed for the same purpose {see Simonis, 
“Die Cumarine,” 1916, j). 69). In large doses 
coumarin is said to have a narc^otic action. 

Coumarin has the agreeable odour of asperula 
and is used in perfumery for the preparation 
of asperula essence. It is also frequently used 
to adulterate vanilla extract. For its deter¬ 
mination in vanilla essence, ^ee Winton and 
Silverman, J. Amer. Chem. Soc. 1902, 24, 1128 ; 
Winton and Bailey, ibid. 1905, 27, 719. 

H. N. R. 

COUMARIN GLYCOSIDES, Coumarin 


5 



which has itself no free hydroxyl group, exists 
in glucoside form as o-coumaric acid glucoside, 
known as melilotin, 

CeHuOgOCeH^CHiCHCOjH. 



cow PEA OR CHINA BEAN. 
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The agJucones of the hydroxy coumarin gluco- 
sides are : 


Skimmin 

JfCsculin 

Cichorin 

Daphnin 

Scopolin 

Fabiatrin 

Fraxin . 


. 7-hydroxycouinarin. 

. 6:7-dihydroxycoumarin. 

. 6:7-dihydroxycoumarin. 

. 7:8-dihydroxycoumarin. 

. fi-mcthylicsouletin. 

. 6-methyla‘ficidetm. 

. 6-methoxy-7: H-dihydroxy- 
ooumarirn 


Skimmin has the glucose attached at position 
7, as also has daphnin. In <T!Sculin it is at 
position 6 (Head and Robertson, fl.C.S. 1930, 
2434), in cichorin at position 7 (Merz. Arch. 
Pharm. 1932, 270, 476), and in fraxin at 8 
(Wessely and Demmer, Ber. 1928, 61, [ B], 
1279; 1929, 62, [B], 120). Scopolin contains 
two glucose residues, fabiatrin only one. 

E. E. A. 

COUMARONE, 2:3-benzfuran, 



occurs in the coal-tar fraction of b.p. 165-175”. 
After removing pyridine bases and phenols by 
treatment with acid and alkali, the oil is treated 
with bromine at 0”, and the dibromide thus 
obtained reduced to (ioumarone with alcoholic 
potash and sodium amalgam (Kraemer and 
Spilker, Ber. 1890, 23, 78; Burda and Sukat- 
scheva, Ukrain. Chern. d. 1931, 6, ftSei.], 169). 
It may also be obtained from this source l\y 
adding picric acid to the oil, when eoumarone 
pierato crystallises out. This is separated, 
decomposed with hot water or dilute alkali, and 
the eoumarone obtained by steam distillation. 
The picric acid is recovered and used for another 
operation (G.P. 53792; B.P. 1422, 1890). 
It may be separated from accompanying indene 
by condensation of this with ethyl oxalate 
(Thiele, Ber. 1900, 33, 3400). 

It is obtained synthetically by heating o- 
hydroxy-<w-chlorostyrene with caustit^ potash 
(Komppa, Ber. 1893, 26, 2971), by heating 
phenoxy acetaldehyde with zinc chloride in 
acetic acid (Stoermer, Annalen, 1900, 312, 261), 
and by heating phenoxyacetaldehjnle diethyl- 
acetal with anhydrous oxalic acid (Stoermer, Z.c.). 

Coumarone is a colourless oil of aromatic 
odour, b.p. 173-1757760 mm„ 62-63715 mm., 
1-0913, 1-5645, and is insoluble in 

water but soluble in alcohol and ether. It 
may be characterised by means of its picrate, 
m.p. 102-1037 and 1:3:5-trinitrobenzene 
derivative, m.p. 104”. It is stable to alkalis, 
ammonia, potassium cyanide and hydrochloric 
acid but yields a series of polymers with sul¬ 
phuric acid (e. Coumarone Kesin.s). The coal- 
tar fraction, b.p. 185-195”, contains methyl- 
coumarones (Stoermer and Boos, Ber. 1900, 33, 
3013). 

H. N. R. 

COUMARONE RESINS. Kraemer and 
Spilker (Ber. 1900, 38, 2267 ; 1901, 34, 1887) 
found that coumarone was polymerised by 


treatment with sulphuric; acid ; Heuslor (Z. 
angew. Chem. 1896, 9, 318) found that alumin¬ 
ium chloride had a similar action, and Stein 
{ibid. 1919, 32, 246) showed that stannic chloride 
was also an eflic-icmt catalyst for this polymeri¬ 
sation. 

Techni(;al coumarone rosins are mixtures of 
coumarone and indene polymers obtained by 
treatment of (;oal-tar naphtha of b.p. 150-200” 
witli suitable catalysts, notably sulphuric acid. 
Ellis and Rabiriovitz (liid. Eng. (/hern. 1916, 8 , 
797) made a thorough study of this process and 
concluded that Hulpluiric acid was the most 
ellective catalyst ; ferric chloride or aluminium 
chloride (G.P. 446707) and fuller’s earth mixed 
with ferric sulphate ((;.S.P. 18(14934) have also 
been claimed to be off(;ciivo catalysts, w^hiJo 
according to Bojaiiowski, Gizinaki and Rabek 
(Przeraysl Glietn. 1934, 18, 321) almost colourless 
resins are obtained by using a mixture of sul¬ 
phuric acid, aceti(; acid and water in the ratio 
15:4:1. For discussions of the technical pro¬ 
cedure, SOP MarcuHHon, Chem.-Ztg. 1919, 43, 
93, and Glaser, Brcnnstolf-Chem. 1921, 2, 99, 
113. 

3’he best (prality coumarone rosins arc pale 
amber .solids melting above 130”. They are 
classilied according to colour and hardness ; 
resins softening above 50” are termed “ very 
hard,” between 40” and 50” ” hard,” and 
between 30' and 40' ” medium bard.” For 
methods for tlu-nr examination, sop, Marcusson, 
(3iem.-Ztg. 1919, 43, 109. (.'oiimarono resins 
dilfer from many other resins in that they are 
neutral and unsaponifiable ; although somewhat 
unsatiiraO'd tliey are unaffected by most re¬ 
agents ; on heating above 300" they undergo 
partial depoiymerisation. 3’eehnieally, they 
find wide application, being especially useful in 
the manufacture of varnishes, printing inks, 
watcirproobng materials, rubber compositions 
and chewing gum. For a complete review of the 
chemistry and applic ation of (;oumarone resins, 
SOP Ellis, ‘‘ The Chemistry of Synthetic Resins,” 
1935, Vol. I, ch. 5-7. 

H. N. R. 

COVELLINE or COVELLITE. xNative 
cupric sulphide, CuS, crystallising in the hexa¬ 
gonal system. Crystals are rare and have the 
form of thin six-sided plates. Fine large crystals 
have been found at Butte in Montana. The 
mineral has a characteristic indigo-blue colour, 
hence the namp indigo-copper {{} fir. Kupferindigo). 
ft occurs in most copper-mines as a blue, earthy 
coating on other sulphide ores of copper, anil 
is sometimes found in sufficient quantity to 
be of importance as an ore, e.g. at Butte in 
Montana, and Copiapo in (>hile. CoveUite con¬ 
taining platinum (as the mineral sperrylite, 
PtASg) is mined in the Medicine Bow Mountains 
in Wyoming. 

L. J. S. 

COW PEA or CHINA BEAN. The seed 
of the legume Vigna sine7i8is (L.) Endl. (or 
Dolichos sinensis^ L.), are variously coloured, 
approximately J in. long, and are formed in 
long narrow pods often more than a foot in 
length. The peas are eaten as a vegetable, 
either green or dry, and the whole plant serves 
as a forage crop for cattle. 
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COW PEA OR CHINA BEAN. 


Analyses of the beans average : 



Edible 

U.S. Dept. 

Bhodeaian 


green 

Agric. 

I)ept. 


beans. 

(1000). 

Agric. (1934). 


% 

% 

% 

Water . 

66-0 

14-8 

13*9 

Protein 

9-4 

20-8 

23-4 

Fat .... 

0-6 

1-4 

1-8 

N-free extract. 

22-7 

66-7 

6*9 

Fibre . . 

— 

4-1 

61-6 

Ash .... 

1*4 

3-2 

3*4 


According to Osborne and Campbell (J. Amer. 
Chem. Soc. 1897, 19, 494) the protein consti¬ 
tuents of the cow pea include 3 globulins: 
(i) Vigniriy the major constituent (C 52-6, 
N 17-3, S 0*5%) ; (ii) phascolin (C52-3, N 16-7, 
S 0*5%) ; and (iii) a soluble globulin (C 63*2, 
N 16*4, S 1*1%). 

Osborne and Hcyl (Araer. J. Physiol. 1908, 22, 
362) found the products of hydrolysis of vignin 
to be: 



% 


% 

GlycocoU. 

. 0-00 

Phenylalanine 

. 4*69 

Alanine . 

. 0-78 

Prohne . 

. 4-41 

Valine 

. 0*29 

Tryptophan . 

. + 

Leucine . 

. 6*73 

Arginine . 

. 6*04 

Aspartic acid 

. 2*94 

Lysine 

. 3*77 

Glutamic acid 

. 12-84 

Histidine. 

. 2*71 

Tyrosine . 

. 2*03 

Ammonia 

. 2*18 


Jones et al. (J. Biol. Chem. 1924, 62, 183) show 
vignin to contain cystine 0*62% and tryptoi)han 
l*650/o. 

Adolph and Chiang (Chinese J. Physiol. 
1936, 9, 347) separate five fractions among the 
proteins of cow pea, viz. 

% 

Vignin (Globulin A) . . . .45 


Glutelin.25 

Albumin.15 

Globulin B. 10 

Globulin C.5 


and record the high cystine content of the 
globulins and albumin and the high lysine con¬ 
tent of the glutelin. Bhagvat (J. Indian Inst. 
Sci. 1935, 18, A, 39, 137) also examined the 
proteins and confirms the high cystine content of 
the globulins. 

Average analyses of the green parts of the 
cow pea as used for fodder are recorded by the 
IJ.S. Dept, of Agriculture as : 

Green fodder, Hay, 

% % 
83*6 10*7 

2-4 16-6 

0*4 2*9 

71 42*2 

4*8 20*1 

1*7 7-6 

A. G. Po. 

** CRAB’S EYE *' v, Abrus Precatorius. 

CRANBERRY. The fruit of the American 
bog plant Vaccinium macrocarpon Ait. A 
smaller species ( V. Oxycoccus, L.) occurs both in 
Europe and America. A related species (F. 
vitio-idaea) is known as the mountain or red 
cranberry, red whortleberry or cowberry in 
England, and as foxberry in the United States. 
The fruits are notable in keeping for a long time 


without decomposition, largely because they 
contain appreciable amounts of benzoic acid. 
The extremely sour fruit find widespread use 
in the form of jam or jelly. 

Average analyses of cranberries are : 


Water . 

American. 

% 

. 87*8-88-8 

European. 

89-3-89*6 

Protein 

. 0*35-0-5 

0 - 10 - 0-12 

Fat 

. 0 67-0-97 

— 

N-free extract 

. 9 - 0 - 10-1 

10-1 

Free acids ^ . 

. 23-2-4 

2*3 

Sugars 

. 3*5-41 

1*5 

Fibre . 

. M-1-6 

— 

Ash 

. 0-15-0*18 

0*15-0*17 


^ Calculated as citric acid. 


Cranberry juice contains invert sugar 87*1, 
acids (calculated as malic acid) 19*0, ash 3*0, 
nitrogen 0*11 g. per litre, and either because of 
the benzoic acid content or because of the small 
amount of nitrogen present is not fermentable by 
yeast. 

While all investigators agree on the presence 
of benzoic acids (()*02-0*09%) in cranberries, there 
seems some difference of opinion as to the nature 
and proportion of other acids occurring in the 
fruit. Citric and malic acids are generally reported 
in American cranberries ; Stolle (Z. Ver. deut. 
Zucker-Ind. 1900, 37, 609) found gljmxylic acid 
in European fruit, and Rising (Kgl. Ivandtbruks. 
Akad. handl. Tidskr. 1914, 329) also found 
wovaloric acid. According to Isham et al. 
(Massachusetts Agric. Exp. Sta. Bull. 1935, 
No. 315) malic acid is present in mature and 
immature fruit in similar proportions (0*26%), 
whereas the citric acid content declines some¬ 
what (1*31-1 *07) with advancing maturity. 
The same authors also record more than 0*5% 
of quinic acid in the fruit. 

Rising {l.c.) also isolated from cranberries the 
glucoside vacciniin^ 

C«H,iO«COCeH,. 

The ash of American cranberries contains: 
KgO 48*0, NaoO 6 6 , CaO 18*6, MgO 6 * 8 , 
FegOg 0*7, P 2 O 5 14*3, SiOg 6 * 22 , Cu 0-0009%. 

According to Willstatter (Sitzungsber. K. 
Akad. Wiss. 1914, 12, 402) the pigment of the 
cranberry is an anthocyanin (chloride, 
CisHjjOqCI), a compound of galactose with 
cyanidin. Claassen {ibid. 16, 70) isolated from 
the fruit a bitter substance oxycoccin which 
gave reactions similar to those of arbutin. 

The cowberry or foxberry closely resembles 
cranberry in nature and uses. Recorded analyses 
by Ystgaard (Tids. Norske Landwbruks. 1902, 
9, 126) give the average composition as: total 
solids 16-6, protein 0-26, total acids 1-92, citric 
acid 0*64, malic acid 0*31, sugars 6-4, pentosans 
0-59, fibre 1 * 88 %. According to Hotter (Z. 
landw. Versuchsw. 1906, 9, 747) the sugars 
comprise glucose 3-0-4-0, fructose 4-0-6-8, 
sucrose 0-4r-0-8% of the total dry matter. 

Windisch and Schmidt (Z. Unters. Nahr.- 
Genussm. 1909, 17, 684) show the average com¬ 
position of the juice (sp.gr. 1-043) to be: solids 
11*3, protein 0-12, acids (as citric) 1-9, invert 
sugar 6-5, sucrose 0-6, tannin 0-19, ash 0-3%. 

Vacciniin is also present in the fruit. 


Water 
Protein . 

Fat ... . 
N-free extract . 
Fibre. . . . 
Ash .... 
















CREATINE. 
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Cowberry seeds, according to Diedrichs {ibid. 
1912, 24, 675) give the following analysis :— 

N-free extract 

Water. Protein. Fat. and fibre. Ash. 

% % % % % 

6-97 23*24 30*12 38*56 2*11 

The seeds yield a drying oil having the following 
characteristics: djg 0*9301, refractive index 
1*4753 (25°), saponification value 190*1, iodine 
value 169*2, Reichert-Moissl value 0*55, Polenske 
value 0*30, Hehner number 95*7, acid value 
1*94, hexabromides of linoleic and linolenic 
acids 22*8%. 

A. G. Po. 

CREAM OF TARTAR. Acid potassium 
tartrate, C 4 H 50 (jK. 

CREAMING V , Bleachxno. 

CREATINE. Meth7jlglycocyaminef Methyl- 
guanidinoaceiic acid, 

H2N*C(NH)NMe CH2 C02H,H20, 

discovered by Chcvreul (Annalen, 1832, 4, 293) 
in muscle (;^p/as—flesh), occurs in human flesh, 
in the flesh of many warm and cold blooded 
animals, and in urine under certain conditions 
(von Liebig, ibid. 1847, 62, 257 ; Gregory, ibid. 
1848, 64, 105 ; Schlossberger, ibid. 1848, 66 . 80 ; 
Price, ibid. 1860, 76, 362; Voit, Z. Biol. 1868,4, 
77 ; Marcet, J.C.S. 1864,2,406; FoHn and Denis, 
J. Biol. Ohem. 1914, 17, 488 ; Rose, ibid. 3911, * 
10, 265) ; the amount varies with the species * 
and the organ ; the flesh of fowl yields 3*21% ; 
of pigeon, 0*825% ; of ox, 0*697% ; of ox heart, 
1*376% ; of herring, 1*324% ; and of brill, 
0*614% (Gregory, l.c. ; Beker, Z. physiol. 
Chem. 1913, 87, 28 ; according to Myers and 
Fine (J. Biol. Chem. 1913, 14, 9) it is constant 
for a given animal. 

The origin and physiological significance of 
creatine and creatinine are still controversial 
subjects of too detailed a nature to be considered 
here. Creatine is very unevenly distributed in 
the body, about 98% being found in the muscles 
and most of the remainder in the brain. It is 
not found in the urine of normal adults and 
cannot be regarded as a waste product of the 
metabolism of protein from which it is pre¬ 
sumably formed. It is an essential substance 
for muscle metabolism since a large part of the 
creatine in muscle is present in combination 
with phosphoric acid as phosphagen {phospho- 
creatme) ; the hydrolysis and resynthesis of this 
compound are important phases in the processes 
of muscular contraction and relaxation, phospha¬ 
gen thus serving as a reservoir for the inorganic 
phosphate necessary for the process of contrac¬ 
tion. It is probable that creatinine is a waste 
product formed from creatine, although this has 
been disputed. For further details and refer¬ 
ences, see Hunter “ Creatine and Creatinine,*’ 
Longmans, Green & Co., 1928, Peters and van 
Slyke “ Quantitative Clinical Chemistry,** 
Bailli5ro, Tindall & Cox, 1931, and Lovatt 
Evans “Recent Advances in Physiology,** 
Churchill, 1930. 

In order to extract creatine, the flesh is heated 
with its own weight of water at 60°, and the 
juice expressed. The flesh extract is then heated 
to coagulate the protein, and filtered ; the fil¬ 


trate is treated with basic lead acetate until no 
further precipitation occurs, and again filtered 
after removing the excess of lead from the filtrate 
by sulphuretted hydrogen, when it is evaporated 
until creatine separates on cooling ; this is 
washed with alcohol and recrystallised from 
water (Neubauer, Z. anal. Chem. 1863, 2, 26 ,* 
1867, 6, 33). Creatine may be prepared by the 
decomposition of creatinine zinc chloride by 
means of calcium hydroxide (Benedict, J. Biol. 
Chem. 1914, 18, 186). 

Creatine is prepared synthetically by heating 
sarcosine with cyanaraide at 100° : 

CNNHa+NHMe*CH2*C02H 

--=NH:C(NH2)NMe*CH2C02H 


(VoUiard, Z. Chem. N. F. 1869, 5, 318 ; Strecker, 
Jahresber. Chem. 1868, 686) ; or, together with 
creatinine, by fusing sarcosine with guanidine 
carbonate (Paulmann, Arch. Pharm. 1894, 232, 
638). It has also been prepared by King (J.C.S. 
1930, 2374) by treating sarcosine in alkaline 
solution with mcthyh’^othiocarbamide hydrio- 
dide. Bergmann and Zervas have obtained 
diacetylcreatine from sarcosine and triacotylan- 
hydroarginine (Z. physiol. Chem. 1928, 173, 80). 

Creatine forms colourless transparent mono* 
clinic prisms, containing 1 H 2 O, which it loses at 
100° ; it dissolves in 74*4 parts of water at 18° ; 
in 9.810 parts of cold absolute alcohol, and is 
insoluble in ether (von Liebig, Annalen, 1847, 62, 
257). Heat of combustion at constant pressure 
is 4,240 g.-cal. (Emery and Benedict, Amer. J. 
Physiol. 1911, 28, 307). The presence of urea, 
creatinine, or certain salts raises the solubility 
of creatine in water and alcohol (Neubauer, l.c.). 
The aqueous solution is neutral, and has a bitter, 
harsh taste. 

Creatine is decomposed by boiling baryta 
water into sarcosine, urea, and methylhydantoin 

NH:C(NH2)NMe*CH2*C02H+H20 

-C0(NH2)2+NHMe*CHa*C02H 


C0(NH2)2+NHMe*CH2*C02H 
-> CO 


^NMe-CHg 


\ 


NH 


• ic 


(Neubauer, Annalen, 1866, 137, 294) ; or by 
mercuric oxide and water into oxalic acid and 
methylguanidine ; or by heating with soda-lime 
into ammonia and methylamine. Treated with 
mercuric acetate in presence of sodium carbonate 
it yields a-methylguanidinoglyoxylic acid, 

NH2*C(NH)NMe*C0*C02H,2H20 ,* 

glistening flakes, ra.p. 203-204° (Bauman and 
Ingvaldson, J. Biol. Chem. 1918, 35, 277). When 
potassium hydroxide is added to an aqueous 
solution of creatine and silver nitrate until the 
white precipitate first formed just redissolves, 
the liquid solidifies to a transparent gelatinous 
mass immediately reduced on heating, or in the 
course of a few hours at the ordinary tempera¬ 
ture. The addition of potassium hydroxide to a 
solution of creatine and mercuric chloride 
precipitates a white crystalline compound 
(C4Hg02N3)2Hg,Hg0 (Engel, Compt. rend. 
1874, 78, 1707 ; 1875, 80, 886). Creatine is 
converted into creatinine by heating with 
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dilute mineral acids for some hours (Dessaignes, 
Jahresber. Chem. 1857, 544) or at 117'' for 15 
minutes (Benedict and Myers, Amer. .1. Physiol. 
1907, 18, 362}; or by boiling to dryness a 
solution of creatine to which has been added 
an equal volume of hydrochloric acid (Jhmedict, 
J. Biol. Chem. 1914, 18, 192) ; or by heating 
with water only in sealed tubes at 100" for 2-3 
days (Neubauer, Z. anal. Chem. 1803, 2, 33). 
The equilibrium between creatine and creatinine 
in aqueous solutions has been studied by Edgar 
and Shiver (J. Amer. Chem. Soc. 1925, 47, 
1179). The ratio of the molecular concentration 
of creatinine to that of creatine in water at 
different temperatures and in various buffer 
solutions is given ; thus in water the ratio is 
0*54 at 25"; 2-89 at 100"; 36-72 at 1 (50"), 
and 1-03 at 6 (50"). 

Srnorodincev (J. Russ. Phys. Chem. Ges. 1915, j 
47, 1275) obtained a double salt of silver nitrate 
and creatinine, C 4 H 70 N 3 *AgN 03 (decomposing 
188-191") by treating pure creatine with silver 
nitrate in a slightly acid solution. 

Creatine forms soluble normal salts wdth the 
mineral acids (Dessaignes, Annalen, 1854, 92, 
409), and readily soluble compounds with zinc 
chloride, C 4 H 902 N 3 ,ZnCl 2 ; and cadmium 
chloride, C 4 HQ 02 N 3 ,CdCl 2 , 2 H 20 (Keubauer, 
tdid. 1866, 137, 300). Creatine, picrate forms 
woolly needles melting at 218-220" (decomp.). 
The m.p. is not depressed by admixture with 
creatinine picrate (King, J.C.S. 19.30, 2374). 
The jiavianaie. {v. p. 417d) melts at 231" (Langley 
and Albrecht, J. Biol. (hem. 1935, 108, 729). 
When creatine in alkaline solution is treated w ith 
sodium nitroprusside and a persulphate a red 
colour is obtained ; Pittarelli claims that this 
reaction is sensitive to 1 in 50,000 (A. 1928, 
1121 ). 

Creatine is not usually estimated directly ; 
it is converted into creatinine and esti¬ 

mated as such ; for the estimation of creatine 
in urine, v. Benedict (J. Biol. Chem. 1914, 
18, 192 ; 1929, 82, 1 ; Folin, ibid, 1914, 17, 469). 
Methods for estimating creatine directly have 
been suggested by Walpole (J. Physiol. 1911, 42, 
301), who makes use of the fact that a pale red 
colour is given by alkaline solutions of creatine 
and not by creatinine when a trace of diacetyl 
is added, and by Lang (Z. physiol. Chem. 1932, 
208, 273) who uses the violet colour formed from 
creatine and acetyl benzoyl in alkaline solution. 
Several methods have been adapted for blood 
filtrates, but it is still uncertain whether the 
chromogenic substance in blood is really 
creatine, see Peters and van Slyke (“ Quantita¬ 
tive Clinical Chemistry,” Baillic'sre, TindaU & 
Cox, 1932), 

a-Guanidinopropionic acid, alacreatine, 

NH2C(NH)NHCHMeC02H, 

an isomer of creatine, forms sparingly soluble 
prisms. It is prepared from alanine and 
cyanamide (Baumann, Annalen, 1873,167, 83) or 
from alanine and methyU'^othiocarbamide. The 
picrate forms needles, m.p. 187° (decomp.) (King, 
J.C.S. 1930, 2374). 

The homologuos of creatine are prepared by 
the action of cyanamide on the corresponding 


amino-acid in the presence of ammonia, e.g. 
a-aminocaprocyamine , 

NH2C(NH)NHCH(C02H)CH2CHMe2, 

from leucine and cyanamide (Duvillier, Compt 
rend. 1886,103,211 ; 1887,104,1290). Accord¬ 
ing to Duvillier (lx.) methyl- or ethyl-amino- 
acids yield with cyanamide the correspond¬ 
ing creatinine. The creatine is formed only in 
the ea.se of methylglycine and of jS-methyl- 
aminopropionic acid, the latter yielding methyl- 
alacreatine, NH 2 C(NH)NMeCHMeC 02 H 
(Lindcnberg, J. pr. Chem. 1875, [ii], 12, 253). 
This generalisation is not confirmed by Gansser 
(Z. physiol. Chem. 1909, 61, 16), who obtained 
the creatinine and not the creatine from a- 
methylaminopropionic acid and cyanamide, 
but prepared ^-methylguanidinopropionic acid, 
NH 2 C(NH)NMe[CH 2 ] 2 C 02 H,H 20 , m.p. 
201-202", froiii cyanamide and /3-methylamino- 
pro]>ioni(‘ acid, and y-me.thylyuanidinobutyric 
acid, NH 2 C(NH)NMe[CH 2 l 3 C 02 H, m.p. 
307", from cyanamide and y-mothylamiriobutyric 
acid. 

Formaldehyde and creatine yield the com- 
pound CgHjj 03 N 3 , 2 H 20 , decomposing at 250", 
and forming a dibenzoyl derivative, 

m.p. 265-266" (Jaffe, Ber. 1902, 35, 2896). 

Phthalyld icreati ne, 

C6H4[C0-NHC(NH)NMeCH2C02H]2, 

has m.p. 212" (Urano, Beit. Chem. Physiol. 
Path. 1907, 9, 183). Diacetylcreatine, 

NH:C(NHAc)NMeCH2C02Ac, 

has m.p. 165" (Erlenmeyer, Annalen, 1895, 284, 
50). 

M. A. W. and W. V. T. 

CREAT i N I N E . Meihylglycocyamidine, 

^NMeCHj 
C:NH I 

• CO 

discovered by von Liebig in human urine 
■ (Annalen, 1847, 62, 268), is also a constant 
constituent of the urine of horses, cows, dogs, 
pigs and rabbits ; the amount of creatinine 
in the tissues is uncertain as its determina¬ 
tion is attended with difficulties owing to 
the ease with which creatine is converted 
into creatinine by post mortem autolysis. 
This accounts for the conflicting reports of 
different investigators on the creatinine con¬ 
tent of muscle which probably contains only a 
very small amount if any. According to Folin 
and Denis (J. Biol. Chem. 1914, 17, 487) normal 
human blood contains 1 mg. creatinine and 
6-8 mg. of creatinine and creatine per 100 g. 
blood; but see below under Estimation of 
Creatinine. In domestic animals it is about the 
same; in birds 0*1 mg. creatinine but 11 mg. 
creatinine and creatine. It is probably a normal 
constituent of all soils (Shorey, J. Amer. Chem. 
Soc. 1912, 84, 99; SulUvan, ibid. 1911, 88 , 
2035) and vegetable matter (Oshima and Arii- 
zumi, J. Coll. Agric. Tokyo, 1914, 6 , 17). 

Under normal conditions, the excretion of 
creatinine is constant from day to day. The 
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amount excreted by an individual per day varies 
from 7*6 to 10 mg. creatinine nitrogen per kg. 
body weight and is roughly proportional to his 
muscular development ; it is not affected by 
diet or exercise. Creatinine is, therefore, 
generally regarded as an end product of endo¬ 
genous metabolism, most probably of creatine 
catabolism (Shaffer, Amer. J. Physiol. 1908, 
28, 1 ; Folin, ibid. 1905, 13, 45, 66, 117; 
Pekelharing, van Hoogenhuyze and Verploegh, 
Proc. K. Akad. Wetensch, Amsterdam, 1905, 8, 
363 ; Klercker, Beit. Chem. Physiol. Path. 1906, 

8, 59 ; Folin and Denis, J. Biol. Chem. 1914,17, 
500 ; Harding and Gaebler, ibid. 1922, 54, 
679 ; Hodgson and Lewis, Amor. J. Physiol, 
1928, 87, 288). Creatinine administered to 
animals is rapidly excreted almost quantita¬ 
tively (Foster and F'isher, J. Biol. Chem. 1911, 

9, 359 ; Towles and Voegth'n, ibid. 10, 479). 
Under ordinary circumstances no creatine is 
excreted by adults. Some normal women, 
however, all infants and young children, and 
adults in starvation and certain pathological 
conditions excrete some creatine (Denis and 
Minot, ibid. 1917, 31, 561 ; Folin and Denis, 
ibid. 1912, 11, 253 ; Rose, ibid. 1912, 10, 
265 ; 1917, 32, 1 ; Gamble and Goldschmidt, 
ibid. 1919, 40, 199). 

Creatinine is extracted from urine by 
evaporating to one-third the original volume, 
decanting from the salts that crystallise out, 
precipitating with lead acetate and filtering, 
removing the lead from the filtrate and precipi¬ 
tating the creatinine with mercuric chloride 
as the sparingly soluble double salt. This is 
separated, decomposed by sulphuretted hydro¬ 
gen, and the creatinine crystallised from the 
filtrate as the hydrochloride (Maly, Annalen, 
1871, 159, 279 ; or by precipitating it as 
creatinine potassium picrate with subsequent 
decomposition of the double salt (Folin, J. Biol. 
Chem. 1914, 17, 463 ; Benedict, ibid. 1914, 18, 
184). 

For extraction from the body tissues and 
fluids, see Costantino (Chem. Zentr. 1915, 11, 
287, from Arch. farm. sper. 1915, 19, 254). 

Creatinine bears the same relation to creatine 
as hydantoln to hydantoic acid 


Creatinine can be prepared synthetically by 
heating guanidine carbonate with sarcosine at 
140-160° (Horbaezewaki, Maly’s Jahresber. 
Tierchem. 1885,15, 86). A quantitative yield is 
obtained by heating N-methylglycocyamine with 
! an organic acid (G.P. 281051, from J.S.C.I. 1915, 
34, 637). 

By heating creatinine with silver nitrate and 
baryta in excess on the water-bath for about an 
hour a nearly quantitative yield of methyl- 
guanidine can be obtained (Ewins, Biochem. J. 
1916, 10, 104). By oxidation with mercuric 
acetate it yields a-methylguanidinoglyoxylic 
acid (Bauman and Ingvaldsen, J. Biol. Chem. 
1918, 35, 277). 

Creatinine forms anhydrous monoclinic prisms 
soluble in 11*5 parts of water or 625 parts 
of absolute alcohol at 17° (Joppelius and Pom- 
merehne. Arch. Pharm. 1896, 234, 380), and 
separates on alow^ evaporation of dilute solutions 
in square plates containing 2 H 2 O (Salkowski, 
Z. physiol. Chem. 1880, 4, 133). It is a weak 
base, displacing ammonia from its salts, and 
forming soluble salts with the mineral acids 
(Liebig, Z.c.), the picrate C 4 H 70 N 3 *CqH 307 N 3 , 
m.p. 212-213°, forms sparingly soluble yedlow 
needles; theac/dpicmteC 4 H 70 N 3 * 2 C 3 H 307 N 3 
has m.p. 161-166° (Mayerhofer, Wien. Khn. 
Woch. 1909, 22, 90) ; iho fiavianate,^ solubility 
0*198, melts at 250° ((lecornp.) (Kossel and Gross, 
Z. physiol. Chem. 1924, 1^, 168) ; the tartrate 
(C4H70N3)2C4Hg06 decomposes at 207-209®; 
the oxalate (C 4 H 70 N 3 ) 2 'C 2 H 204 is sparingly 
soluble in alcohol (Poulsson, Chem. Zentr. 1904, 
ii, 30). Creatinine forms characteristic double 
salts, with platinic chloride, 

(C 4 H 70 N 3 ,HCI) 2 PtCl 4 , 

orange-red j)late8, m.p. 220-225° ; wdth 
auric chloride, C 4 H 70 N 5 -HCI'AuCl 3 , yellow 
crystals, m.p. 170-174° ; with potassium 
picrate, C 4 H 70 N 3 *CgH 307 N 3 *KC 3 H 207 N 3 , 
lemon-yeDow prisms, 100 parts of water dissolve 
0*1806 part of the salt at 19-20° ; with zinc 
chloride, (C 4 H 70 N 3 ) 2 *ZnCl 2 , almost insoluble 
in alcohol (Heintz, Jahresber. Chem. 1847, 48, 
883) ; with mercuric chloride, 

4(C4H3HgON3HCI)*3HgCl2,2HaO 


CO 


-NH 2 

-NH-CH, 


Hydantoic acid. 

:NH 

'--NMe-CHa-COaH 

Creatine. 


CO 


^NHCO 

' I 

'NHCH. 


Hydantoin. 

^NH • CO 
C:NH I 
'^NMe-CHg 

Creatinine. 


and is prepared by boiling creatine with dilute 
mineral acids for some hours (Liebig, Annalen, 
1847, 62, 628) or by heating at 117° for 15 
minutes under pressure (Benedict and Myers, 
Amer. J. Physiol. 1907, 18, 362, see, however, 
J. Biol. Chem. 1914, 17, 363; Folin, ibid. 
469), or by boiling down to di^ess wdth an 
equal volume of iNT-HCI (Benedict, ibid. 1914, 
18, 192), or by heating creatine with anhydrous 
zinc chloride (Edgar and Hinegardner, ibid. 
1923, 66, 1). 

VoL. 111.-27 


(Johnson, Proc. Roy. Soc. 1886, 43, 493). 

Creatinine is converted into creatine by the 
action of cold dilute ammonia or calcium 
hydroxide solutions ; or on treatment with 
iodine (Reichardt, Pharm. Ztg. 1911, 56, 922) ; 
boiling baryta solution converts it into ammonia 
and methyl hydantoln ; with alkaline oxidising 
agents it yields methylguanidine and oxalic acid, 
but is comparatively stable towards acid per¬ 
manganate solutions (JoUes, Ber. 1902, 35, 160). 

The presence of creatinine in dilute solution 
or in urine can be detected by (1) Weyl’s test 
(Ber. 1878,11, 2175), which consists in the pro¬ 
duction of a ruby-red coloration, changing to 
yellow when, to a solution of creatinine, a few 
drops of 10% sodium nitro-prussido and the same 
quantity of 10% sodium hydroxide or car¬ 
bonate solution are added. On acidifying the 

^ “ Flavianlc acid ” is the name applied by the authors 
to naphthol yellow S, l-naphthol-2: 4*dinltro-7-8ul- 
phonic acid. 
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solution with acetic acid the colour is discharged, 
turning to green or blue on boiling due to the 
formation of Prussian blue (Salkowski ; Cola- 
santi, Cazzotta, 1887, 17, 129). Guaroschi 

(Ber. 1888, 21, Kef. 372) has shown that this 
reaction is given by com})ound 8 other than 
creatinine containing the — CO-CHg — group. 
(2) Jaffe’s test (Z. physiol. Clioni. 188(), 10, 
399) is the production of a deep-red colour, 
when picric acid and an excess of sodium 
hydroxide solution are added to the liquid 
containing the creatinine. It is now generally 
accepted that the red colour in Jaffa’s reaction 
is not due, as suggested by Chapman (Chem. 
News, 1909, 100, 175), to sodium salts of 
picramic acid and diaminonitrophenol formed 
by reduction of the picric acid by the creatinine, 
as the red compound has been isolated and shown 
to be a red tautomer of creatinine picrate 
although its structure is still under discussion 
(Greenwald, J. Biol. Chem. 1924, 59, 601 ; 
1928, 80, 103 ; 1930, 86 , 333 ; Anslow and 
King, J.C.S. 1929, 1210 ). 

Estimation of Creatinine. —The older methods 
for the estimation of creatinine were based upon 
the isolation of the base in the form of its 
sparingly soluble double salt \vith mercuric or 
zinc chloride, and either weighing the precipitate 
or estimating the metal or the nitrogen in the 
compound (Neubauer, Annalen, 1861, 119, 35; 
Salkowski, Z. physiol. Chem. 1886, 10, 113; 
Grocco, Chem. Zentr. 1887, 17; Kolisch, ibid. 
1895, i, 814; Ladd and Bottenfieid, Amer. 
Chem. J. 1898, 20. 869). Edlcfsen (Chem. Zentr. 
1909, i, 108) recommends precipitating the 
sulphate in the presence of alcohol and ether, 
dissolving it in water, and titrating the solution 
with standard barium hydroxide solution, using 
phenolphthalein as indicator. 

The method generally adopted for estimating 
creatinine in urine is Polin’s colorimetric method, 
based on Jafl'e’s reaction (Z. physiol. Chem. 
1904, 41, 223; J. Biol. Chem. 1914, 17, 469). 
If creatine is also present in the urine the total 
creatinine is determined after converting the 
creatine into creatinine by heating with acid. 
Subtraction of the preformed creatinine, deter¬ 
mined separately, gives the creatine as creatin¬ 
ine. The conversion of creatine into creatinine 
may be carried out by ( 1 ) boiling w ith a saturated 
solution of picric acid, and this method must be 
used if glucose is present (Polin, l.c.) ; ( 2 ) auto¬ 
claving with saturated picric acid (Folin, l.c .); 
or (3) boiling down to dryness with hydrochloric 
acid in the presence of metallic lead (Benedict, 
J. Biol. Chem. 1914, 18, 191). It is important 
that pure picric acid should be used for the 
colorimetric determination of creatinine by any 
method involving JafFe’s reaction (Fohn and 
Doisy, ibid. 1917, 28, 349). Benedict gives 
suitable methods for the purification of picric 
acid for this purpose {ibid. 1922, 54, 239; 
1929,82,1). 

The presence of creatinine in blood still 
remains to be established with certainty. 
Whilst there is a chromogenic substance which 
can be estimated by Polin’s method (FoHn and 
Wu, ibid. 1919, 88 , 81) it is probably in the 
main not creatinine (Behre and Benedict, 
ibid. 1922, 52, 11 ; and see below). 


More recently a new colorimetric method has 
been employed for the estimation of creatinine 
in urine. This consists in treating the urine 
with alcoholic 3:5-dinitrobenzoio acid and 6 % 
sodium hydroxide. Creatine, glucose and ketones 
(in usual amounts) do not interfere. The appli¬ 
cation of the method to blood supports the view 
that the chromogenic substance is not creatinine 
(Benedict and Behre, ibid. 1930, 114, 615 ; 
Langley and Evans, ibid. 115, 333). 

An isomeride of creatinine, alacreatininef 

^NHCO 

c'Tnh I 

^NHCHMe 


was prepared (Ber. 1873, 6 , 1371), and other 
isomcrides have been described by Korndorfer, 
Arch. Pharm. 1904, 242, 620 ; Schenck, 

ibid. 1910, 248, 376; 1911, 249, 463; 

Schmidt, ibid. 1910, 248, 668 . Johnson and 
Nicolot (J. Amer. Chem. Soc. 1915, 37, 2417) 
obtained two methylglyoocyamidines isomeric 
wdth creatinine by the action of methylamine 
on the ethyl ester of benzoylpsoudoethylthio- 
hydantoic acid and debenzoylating. 

Tw^o isomeric nitroaocreatininea were obtained 
by Dessaignes (Annalen, 1856, 97, 341) and 
Marcher {ibid. 1865, 133, 305), by passing the 
nitrous fumes from the action of nitric acid on 
arsenious oxide into an acid solution of creatinine. 
The less soluble a-nitrosocreatinine, C 4 Hg 02 N 4 , 
decomposes at 210 °, forming a colourless liquid 
that quickly solidifies to a brown mass from 
which a new base, C7H2202Njq can bo ex¬ 
tracted ; it forms a crystalline nitrate, hydro¬ 
chloride and platinichloride, and yields the 
bromo-dcrivative C4H702N4Br. The more 
soluble P-nitrosocreatinine, C4Hg02N4, melts at 
195° to a brown liquid and decomposes at 220°. 

According to Kramm (Chem. Zentr. 1898, i, 
37), the yellow colour formed by the interaction 
of sodium nitroprusside and sodium hydroxide 
on creatinine (c/. Weyl, Bor. 1878, 11, 2175), is 
due to the formation of a nitrosocreatinine, 
C 4 H 6 O 2 N 4 , which can be isolated as a colourless 
crystalline precipitate by adding acetic acid 
to the yellow alkaline solution and shaking 
vigorously. According to Schmidt and Hennig 
(Arch. Pharm. 1912, 250, 345) this is an oxime ; 
they find that on treatment with sodium nitrite 
in nitric acid solution creatinine yields a mixture 
of methyl hydantoln oxime, m.p. 193-194°, and 
creatinine oxime, which begins to discolour at 
260° but does not melt. 

The following acyl- and alkyl- derivatives of 
creatinine have been prepared ; Benzoylcreati- 
nine, CuHnOgNg, pale yellow needles, m.p. 
187° (Urano, Beitr. Chem. Physiol. Path. 1907, 
9,183) ; methyl, dimethyl, and trimethyl crealinine 
and salts (Korndorfer, Arch. Pharm, 1904, 242, 
641 ; Kunze, Arch. Pharm. 1010, 248, 678). 
Methylcreatinine 


/NMeCH, 

HN:CC I 

^NMeCO 


gives an aurichloride, m.p. 170-171°, and 
dimethylcreatinine gives an aurichloride, m.p. 
128-129°, and a platinichloride, m.p. 177-179°. 
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According to Kunze the constitution of dimethyl- 
creatinine is 


MeN:C 


^NMe • CHjj 

^NMe— io ’ 


it reacts as a tertiary base ; ethylcreatinine 


^NH—CO 
C:NEt I 
^NMe—CH„ 


(Neubauer, Annalen, 1861, 119, 50), see Hen- 
zerling (Arch. Pharm. 1910, 248, 694 ; the 
platinichloride crystallises in inonoclinic plates, 
m.p. 197-211° ; ethylcreatinine hydriodide^ m.p. 
217-219°; diethylcreaiinine platinichloride 201 
- 202 °). 

For various other substituted derivatives of 
creatinine, see Duvillier (Compt. rend. 1882, 95, 
456; 1883, 96, 1583; 97, 1486 ; 1885, 100, 916 ; 
1886, 103, 211; 1887, 104, 1290) and Grcenwald 
(J. Amer. Chem. Soc. 1925, 47, 1443). 

M. A. W. and W. V. T. 

CREOLINE. A coal tar disinfectant pre¬ 
pared from coal tar creosote, contains 45-60% 
neutral oils, 10-15% phenols, 30-40% rosin 
soap. 

C R EOSO L (4-hydroxy-3-methoxy-1 -methyl- 
benzene) V . Creosote. 

CREOSOTAL (creosote carbonate) is a 
mixture of carbonates of the various phenols 
contained in creosote, chiefly creosol, guaiacol, 
and crosols. 

It may be prepared by heating creosote with 
a benzene solution of phosgene under pressure, 
but is generally produced by passing a stream of 
phosgene into a solution of creosote in aqueous 
caustic soda. Creosotal separates as an oil and 
is washed with dilute caustic soda solution and 
then with water. It contains the equivalent of 
about 90% of creosote. 

Creosotal is a clear, colourless or yellowish, 
viscid liquid, insoluble in water but soluble in 
alcohol, ether, chloroform, benzene, etc. 
(Aufrecht, Pharm. Ztg. 1908, 53, 480). It is 
neutral, has little odour and only a slight 
taste of creosote. Crystals of guaiacol car¬ 
bonate may settle from samples after long 
standing or on freezing. BoiUng with alcoholic 
caustic alkali gives creosote and alkali carbonate. 

It has to some extent replaced creosote in 
the treatment of pulmonary tuberculosis, 
bronchitis and pneumonia. 

CREOSOTE. Tars obtained by the 
destructive distillation of wood and of coal in 
retorts, coke ovens, or blast furnaces, when 
subjected to distillation yield fractions techni¬ 
cally known as “ creosote,” and which find 
extensive and important uses in the industrial 
arts, the most important type being that derived 
from gas works or coke oven coal tar. 

The term “ kreosote ” was originally applied 
to the product obtained from wood tar. The 
increase in production and distillation of coal 
tar with the extension of the use of the creosote 
oil so obtained for the preservation of wood 
resulted in the terms creosote and creosote oil 
being used commercially as meaning the heavier 
distillates from gas works and coke oven tar, 
the oils from other tars being distinguished by a 


prefix to indicate their origin, as “ blast-furnace 
creosote.” In pharmacy the term creosote is 
still retained for wood creosote. 

Wood-tar Creosote. —The tar derived from 
the distillation of bcechwood and other hard 
woods, when subjected to further distillation, 
yields certain fractions that are heavier than 
water. These are agitated with an aqueous solu¬ 
tion of caustic soda, which is then separated 
from insoluble oils, boiled with free access of air, 
in order to oxidise various impurities present 
and to distil off hydrocarbons, and then decom¬ 
posed with dilute sulphuric acid or carbon 
dioxide. The crude creosote which separates is 
again submitted to treatment with alkali and 
acid, and finally distilled, the fraction distilling 
between 200° and 230° being collected separately. 

Wood-tar creosote, when freshly prepared, is a 
colourless, transparent liquid of an oily con¬ 
sistency, and which retains its fluidity at a very 
low temperature ; its sp.gr. varies from 1 -037 to 
1-087 ; it distils between 200-230°, and dissolves 
in about 200 parts of water; its odour is strong 
and penetrating, resembling that of wood 
smoke ; it has a high refractive index (1’51) 
and burns with a luminous smoky flame. It is 
neutral or only faintly acid to litmus. It is 
powerfully antiseptic, but does not coagulate 
albumin; is not so caustic as carbolic acid and 
relatively less poisonous. Wood creosote is 
essentially a mixture of the ethers of the poly- 
hydric phenols, chiefly guaiacol (o-methoxy 
phenol, b.p. 205°) and creosol (2-methoxy-4- 
methyl phenol, b.p. 221°); whilst phenol, o-, w- 
and p-cresols, o-ethyl-phenol and xylenols may 
be present in varying amounts. The presence 
of the dimethyl ethers of pyrogallol (b.p. 262*) 
and of methyl-and propyl-pyrogaUol (b.p. 
265° and 285°) has been identified in samples. 
Dimethjdguaiacol (b.p. 230°) and propyl- 

guaiacol (b.p. 241°) are present in insignificant 
amounts. The latter is objectionable in the 
medicinal grade, since a single drop on the tongue 
causes bleeding ; its presence may be recognised 
by the blue coloration produced with bar 3 rta 
water. 

The percentage composition of bcechwood and 
oak creosotes, freed from hydrocarbons, is given 
by Behai and Choay (Compt. rend. 1894, 119, 
166) as follows : 


Distillation temp. 

Beech. 

Beech. 

Oak. 

°c. 

200-220°200-210° 

200-210' 

Specific gravity 

1-085 

1-085 

1-068 

Mono-phenols . 

39-0 

39-0 

55-0 

Guaiacol 

Creosols andhomo- 

19-7 

26-5 

14-0 

logues 

40-0 

32-1 

31-0 

Loss .... 

1-3 

2-4 



Wood creosote is miscible in aU proportions 
with alcohol, ether, glacial acetic acid, benzene, 
carbon disulphide and light petroleum spirit. 
It dissolves in concentrated sulphuric acid to a 
red liquid, which slowly changes to purple- 
violet ; it is violently attacked by nitric acid, is 
soluble in aqueous solutions of alkali hydroxides, 
and forms a crystalline compound with potassium 
hydroxide, but not with sodium hydroxide. On 
the other hand, it is practically insoluble in 
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strong ammonia. Official in Brit. Pharm. 1932, 
sp.gr. at 15*5° not below 1*070, commencing to 
distil at about 200“^, and yielding not less than 
95% between 200° and 230°; 2 c.c. should require 
10-18 c.c. JV-NaOH to produce a clear solution, 
and the liquid should remain clear on dilution 
with 50 c.c. of water (limit of hydrocarbons, 
and of bases). Owing to the demand for guaia(;ol 
for pharmaceutical purposes, much of the wood 
creosote now sold is frequently found to have 
been deprived of part or the whole of the guaiacol 
it contained. Methods for the determination of 
guaiacol in wood creosote are given by Behai 
and Choay (Compt. rend. 1893, 116, 197); 
Kebler (Amer. J. Pharm. 1899, 71, 409). Wood- 
tar creosote is distinguished from coal-tar 
phenols by its reaction with an ether-alcohol 
solution of nitrocellulose (equal parts), no 
coagulation being produced. 

Wood creosote is used as an antiaepti(5 and 
analgesic material (external), and internally in 
the treatment of tuberculosis by j)reparation8 
such as creosote carbonate and the lactic acid 
and valerianic esters. Also employed in the 
preservation of mine timbers, in lignin removal 
from jute fibre, and in ore flotation. Bube 
(B.P. 257151) employs aq. ethyl alcohol at 
50°C. for extraction of phenols from wood tar. 
The alcoholic extract of brown coal tar has been 
placed on the German market under the name 
Freaol —this product has sp.gr. 1*01-1*04, 
viscosity at 20°C., 5-10° Engler, flash-point 
100-110°, constituents sol. in 38° Be NaOH, 
60-90%, colour black. Graefe (G.P. 232657) j 
extracts with alcohol in a continuous column { 
apparatus—against saving in chemicals over 
older methods is to be placed a loss of only 
0'3-0*5 parts alcohol on 100 parts of tar. 

Coal-Tar Creosote. —The creosote oils 
derived from coal tars (c/. Coal Tar) may be 
divided into two main classes—light creosote 
being the fraction distilling mainly between 
190° and 235°, and ordinary creosote oil, chiefly 
employed for timber preservation, and distilling 
mainly between 200° and 300° to 350°C. The 
light creosote normally consists of the middle or 
carbolic oil fraction obtained in the primary 
distillation of the tar, the crystallisable naphtha¬ 
lene having been removed by cooling the oil to 
atmospheric temperatures. If the oil has been 
treated for the recovery of phenols, the residual 
content of these compounds may be 3-10%. 
If the oil is to be employed for disinfectant and 
sheep dip manufacture the crosol content may 
rise to 40% (so-called cresylic creosotes). The 
ordinary creosote contains the oils distilling from 
the tar between the end of the carbolic oil or 
naphthalene oil fractions and the pitch, and 
usually at the present time no individual com¬ 
ponent is removed. Improved methods of tar 
distillation yielding close-cut fractions have 
made possible the isolation of other pure pro¬ 
ducts, and in Germany acenaphthene, a raw 
material for the production of dyestuffs of the 
thio-indigo series, has been recovered from the 
265-275° fraction, and indole from the 246- 
260° fraction (G.P. 223304). Formerly the 
oil distilling between 300° and the end of the 
distillation was separately collected, cooled, 
and the clear oil (filtered anthracene oil or green 


oil) separated from the crystalline crude anthra¬ 
cene. The crude anthracene was purified to 
yield a high-grade anthracene and carbazole, 
and the fluid oil was sold for the preservation 
of timber by brush treatment {carholimum v, 
infra). A fall in the demand for anthracene, 
owing to the anthracene derivatives for the 
dyestuffs industry being more simply obtained 
synthetically, coincided with a growing difficulty 
in obtaining anthracene of low paraffin (w- 
nonadecane) content from many modern types 
of tars, and at present in the United Kingdom 
the anthracene oil fraction is frequently run 
direct to the creosote storage wells. 

Composition: So many varying factors in¬ 
fluence the composition of creosote oils that it 
is impossible to give more than the following 
general list of some of the more important 
compounds that have been found to be present in 
the samples examined : hydrocarbons —naphtha¬ 
lene, a- and jJ-methylnaphthalenes, 1:6-, 2:3-, 
2:6-, 2:7-, dimethylnaphthalenes, anthracene, 
and /3-methylanthracene, phenanthrene, diphenyl 
and its methyl and dimethyl homologues, ace- 
naphthene, 4*5-benzoindane, fluorene together 
with varying amounts of saturated and un- 
saturated hydrocarbons of the aliphatic series; 
oxygen-containing compounds —phenol homo¬ 
logues, chiefly cresols and xylenols, a- and jS- 
I naphthol, diphenylene oxide and its methyl 
derivative; nitrogen-containing compounds — 
pyridine and its methyl and dimethyl homo¬ 
logues, aniline and toluidino, quinoline and iso- 
quinoline and their methyl and dimethyl 
homologues, a- and j8-naphthylamine, acridine, 
carbazole, indole and its methyl homologues; 
sulphur-containing compounds —phenylthiol, 

thionaphthene, thiodiphenylcne. The oils from 
vertical retort tars contain a higher pro¬ 
portion of aliphatic hydrocarbons than those 
obtained from horizontal retort and coke oven 
tars, and this is indicated by the lower specific 
gravity of the close-cut fractions obtained by 
redistillation. 

Physical Properties: The latent heats of 
evaporation of tar distillates have been deter¬ 
mined by Weiss (Ind. Eng. Chom. 1922, 14, 
72) fraction 249-296°C., 146 B.Th.U.’s per 
lb.; 296-345°, 153; 345-392°C., 132; 392- 
438°C., 117. Specific heat of tar distillates 
0*34±0*04 at 16-90°C. (International Critical 
Tables), 0*4 at 40°, 0*6 at 80°, 0*6 at 135°C. 
(Krebs, Gas- u. Wasserfach, 1930, 73, 824). 
Calorific value horizontal retort tar-oil, sp.gr. 
1*049 at 20°C., 16,544 B.Th.U./lb. gross, 15,863 
B.Th.U./lb. net; vertical retort tar-oil, sp.gr. 
1*016 at 20°C., 16,540 B.Th.U./lb. gross, 15,772 
B.Th.U./lb. net ; blast-furnace tar-oil, sp.gr. 
0*903, 17,986 B.Th.U./lb. gross, 17,286 B.Th.U./ 
lb. net (Moore). The sample of horizontal retort 
tar-oil examined contained 14% phenols, water 
0*6%, and gave on analysis carbon 89*7, hydro¬ 
gen 7*4, oxygen -f- nitrogen 2*25, sulphur 0*65%. 
The vertical retort tar-oil sample contained 28% 
tar acids, water 0*7%, and carbon 85*75, hydro¬ 
gen 7*92, oxygen-f nitrogen 5*14, sulphur 0*49%. 
The gross calorific value of horizontal retort tar- 
oil has been given as 9-900-60T cals., where T 
is the percentage of phenols present. Co¬ 
efficient of expansion is 0*00076 per deg. C. 
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Commercial Uses and Grades. —Creosote 
finds its largest application in the preservative 
treatment of timber, especially railway sleepers, 
telegraph poles, and marine piling, against fungi, 
white ants, and marine borers respectively. The 
resistance to mechanical forces is also improved 
by creosoting. The largest consumer, the United 
States of America, uses annually upwards of 
100 million Imperial gallons, 180 million gallons 
being used in the peak year, 1929. In 1935 the 
U.S.A. production was 90 million gallons ; 
in 1936 34 million gallons were imported, of 
which 20 million gallons came from the United 
Kingdom. Formerly the U.S.A. absorbed 60% 
of the British production, but from 1929 the 
British export figure to U.S.A. fell owing to the 
increased American production, and reached a 
minimum at 9 million gallons in 1932. No 
official figures for the United Kingdom are 
available, but the production of creosote oils of 
all grades for the year 1935 and 1936 is estimated 
at 80 and 85 million gallons respectively, the use 
figure for timber treatment at 12-14 million 
gallons per annum, and the total export figures 
for 1936 and 1936 are 23^ and 36^ million gallons 
respectively. 

For estate timber, fluid creosotes may be 
applied by brush or spray, or the posts, etc., may 
be immersed in the oil at 180“F. contained in 
open tanks, and allowed to cool while stiU 
immersed. The more effective method is to 
apply the creosote oil under pressure, steel 
cylinders 75 to 105 ft. in length by about 7 ft. 
in diameter being employed. In the Bethell 
“ full-cell ” process, the timber is subjected 
to a vacuum of 22 inches for 30 minutes, and the 
oil at a temperature of 180-210°F. is then 
introduced without breaking the vacuum until 
the cylinder is full. The pressure is then raised to 
100 to 2001 b. per sq. in., and when absorption is 
complete the surplus oil is run off and a vacuum 
may be applied for 15 minutes (Lowrie modifica¬ 
tion). Green timber may be conditioned by a 
preliminary heating for 24 hours in the oil under 
vacuum, maximum temperature 200°F., to 
remove the surplus water (Boulton process). In 
the Rueping “empty-cell ” process the timber is 
subjected to an initial pressure of 10 to 60 lb. per 
sq. in., and the oil is then introduced into the 
cylinder, the pressure being maintained con¬ 
stant. The pressure is then raised to 80 to 
120 lb. per sq. in. to give maximum injection. 
The amount held in the timber is then reduced to 
the required figure by expansion of the air 
initially introduced and by the application of a 
high vacuum for a short period. Absorption 
figures are of the order of 15 to 20 lb. per cu. ft. 
and retention 7 to 10 lb. per cu. ft. In the 
Card process, zinc chloride and creosote are 
employed, typical absorption figures being i lb. 
zinc chloride and 3 lb. of creosote per cu. ft. 

The quantity of oil absorbed depends upon the 
species, growth and size of the timber, the 
creosoting process employed, and the admissible 
cost. Penetration of the oil may be assisted by 
incising, that is, by making a number of small 
outs over the surface of the timber parallel to the 
grain and about } in. deep by 1 in. long. The 
usual figures lie between 6 and 20 lb. per cu. ft. 
The life of the timber is raised from 3 to 6 years 


to 26 years and upwards, dependent upon the 
conditions of employment, such as climate, 
location, mechanical stresses, etc. 

The desirable properties in a creosote oil are 
toxicity, permanency and power of penetration 
and waterproofing. Considerable laboratory 
work on the relative toxicity of the constituents 
and fractions of coal tar creosote has not led to 
conclusive results. The more important 
standard specifications are as follows: B.S.. 
144/1936, Typo A, calls for an oil sp.gr. 20 1 *010- 
1*065; completely liquid on warming to 38°C., 
and on cooling remaining completely fluid after 
standing 2 hours at 32°C.; water content not 
more than 3%; yielding on distillation to 205°C. 
maximum 6 %, to230®C. maximum 40%, to 315°C. 
maximum 78 w/w%, residue above 315° soft 
and not sticky; phenols 5-16%; matter insoluble 
in benzole maximum 0*4%. Type A2 admits an 
oil of 8 p.gr. 2 ® 0*995-1*065, the other clause 
being as before, except that no maximum is 
specified for the phenol content and the 
maximum allowable distillate at 315° is 85%. 
Type B covers creosote from coal-tar made in 
Scotland, the details being as for Typo A2. 
Creosote from low temperature tar is admitted 
under type A2, with a minimum specific gravity 
0*935, and blast furnace creosote under type B 
with similar limits. Creosote required for brush 
appheation should be fluid on cooling and stand 
ing at 16*5°C. for 2 hours. For the distillation 
test a standard side arm flask and thermometer 
graduated for 100 mm. immersion are employed. 
The American Railroad Engineers Specification 
for No. 1 grade oil is sp.gr.jJ.g not less than 
1*03; water maximum 3%; matter insoluble in 
benzole maximum 0*5% ; distillate on a water- 
free basis up to 210° maximum 6 %, to 235° 
maximum 25%; coke residue maximum 2%. 
The distillation test un corrected for barometric 
pressure is performed in a special standard 
flask, a total immersion thermometer being 
employed. The American Railroad Engineers 
Association oil in general meets the continental 
specifications, except that in Scandinavia and 
Germany the maximum distillate to 235° is 
limited to 20 %, and a phenol clause is included 
(Scandinavia, 3-8%). 

Commercial oils are sometimes diluted with 
oil-gas tar and its distillates, or with mineral 
oils; these mixtures have a lower conservation 
value. In America coal-tar creosote solutions 
are employed, of which at least 80% is a distillate 
from coal-gas or coke-oven tar, and the remainder 
refined or filtered coke-oven tar. The standard 
American Wood-Preservers Association specifica¬ 
tion is sp.gr .^®5 1*05-1*12; water maximum 3%; 
distillate on a water-free basis to 210 ° maximum 
5%, to 235° maximum 25%; matter insoluble in 
benzole maximum 2 %; coke residue maximum 
6 %. Literature .—Proceedings of British and of 
American Wood-Preservers Associations. 

Carbolineum is a fluid, high-boiling, tar-oil, 
distilling maximum 10% at 250°C; sp.gr. at 
20 ° 1 * 0 ^ 1 * 11 ; phenols maximum 10 %; water 
maximum 1 %. 

The A.R.E.A. Specification for anthracene oil 
covers an oil of sp.gr.1*09-1*13; distilling 
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not more than 1-6% to 236°, 16*6% to 300°, 
46% to 355°; water maximum 0-6%; coke 
residue maximum 2%. 

Other outlets for creosote oil arc : 

Disinfectants and Sheep Dij^s .—An oil suitable 
for disinfectant manufacture should have sp.gr. 
0*95-1 *00 and distil mainly between 200° and 
300°. The oil should be free from crystallisable 
naphthalene at 5°C., and the tar acid content 
(mainly cresols) will vary with the type of pro¬ 
duct required. Oils yielding pink emulsions are 
not favoured for sheep dips. 

Fuel Oil for Furnace Work^ particularly in the 
metallurgical and glass industries, is fed through 
atomising burners operated by compressed air, 
and should normally have specific gravity not 
exceeding 1*07 at 38“C. ; water content not ex¬ 
ceeding 1-0%; flash-point not below 150°F. 
(c/. B.S. 503/1933). 

The above oil may require steam-heated 
storage and pij)e lines, which serve not only to 
prevent separation of naphthalene or anthracene, 
but also to lower the viscosity and improve 
atomisation in tlie burner. Alternatively, the 
creosote may bo mixed with oil-gas tar, de¬ 
hydrated coal-tars, or with petroleum fuel oils. 
In blending with oils of specific gravity below 
unity, the specific gravity of the mixture 
requires careful attention to avoid mixtures of 
unit specific gravity. Owing to the high 
carbon and low hydrogen content, the heat lost 
in flue gases is low. The gross calorific value is 
of the order of 16,500 B.Th.U. per lb. The 
removal of phenols from tar-oils raises the calorific 
value by about 35 B.Th.U. per lb. for each 
1% removed. On the Continent a mixture of 
80% tar oil and 20% pitch has been employed, 
specification being flash-point (Pensky-Martin) 
minimum 75°C. (open); viscosity maximum 
8° Englcr at 20°; no deposit at 8°C. for 2 hours; 
free carbon maximum 4% ; calorific value 8,500 
g.-cal. minimum. 

Spark Ignition Engme Fuel .—Considerable 
attention has been directed to this potential 
market. Creosote oil can be used with a greater 
thermal efficiency than petrol, but preheating of 
the oil entering the cylinder is necessary, 
and the employment of a volatile hydrocarbon 
fuel is necessary for starting up the engine, and 
for use when idling. Advance has been made in 
the design of suitable dual carburettors, but the 
results have not fulfilled expectations (Inst. 
Gas Eng. Report, 1934). The creosote oil should 
be free from crystallisable naphthalene at the 
prevailing atmospheric temperatures, should 
distil almost wholly below 265°C., the water 
content should not exceed 0*50%; phenols 
maximum 10%; and the coke value (Conradson 
test) should not exceed 0-1%. An alternative 
fuel is obtained by admixture of the creosote oil 
with up to 20% of crude benzole or solvent 
naphtha. These fuels have a high anti-knock 
value and are suitable for engines of high 
compression ratio, but crank case dilution is 
high and plug gumming troubles are difficult to 
overcome. 

Compression Ignition Engine Fuel .—Creosote 
oils were used during the period 1914-1919 in this 
country and in Germany for largo stationary 
Diesel engines. In 1929 the German consump¬ 


tion still amounted to 16,000 tons. Creosote oil 
has a high spontaneous ignition temperature 
(440-490° in oxygen) and modifications in 
engine design are necessary to ensure satisfactory 
rumiing. Improved nozzles and flame plates to 
give fine atomisation have led to success. The 
compression should not be less than 480 lb. per 
sq. in., the fuel admission must bo advanced and 
pilot jot ignition employing a petroleum distillate 
normally 2 to 4% of the total fuel at full load, is 
used. Although slight modification to slow- 
speed Diesel engines may overcome difficulty of 
high ignition temperature, this property, together 
with long ignition delay of tar fuel oils, renders 
them unsuitable for employment in the modern 
high-speed engine of the Diesel typo. It has been 
shown that the phenols are partly responsible for 
the high ignition temperatures, but their 
removal docs not reduce the ignition tempera¬ 
ture to a figure comparable with that of the 
petroleum Diesel oils. Blending with shale oils, 
paraffin oils, and synthetic oils (Gliickauf, 
1936, 29, 697) has given promising results, and 
the cctcne number of creosote oils has been 
raised from about 15 to a satisfactory figure of 
the order of 45 by the addition of 30% and 
upwards of these oils. Experimental work 
employing added primers, substances of low 
spontaneous ignition point such as trinitro- 
resorcinol, methyl nitrate, hydrazine perchlorate, 
nitroxyl ethylene chlorhydrin, etc., has not yet 
yielded useful results, partly due to cost (c/. 
B.R. 436027, 461320; G.T. 574678, 612073). 
Successful results are claimed by the employ¬ 
ment of an insulated catalyst contact mass 
(thorium oxide or platinum on asbestos wool 
or vanadium pentoxido supported on silica gel) 
built into the pre-combustion chamber of the 
engine in the path of the atomised oil. It 
has been shown that tar-oils which give a 
Moore ignition temperature in oxygon of 440- 
470° give ignition temperatures of 165-180° 
in the presence of platinum on asbestos, the 
normal figure for American gas-oil being 248°C. 
(Gliickauf, 1932, 68, 980). Developments in 
design, including better atomisation and in¬ 
creased temperature of fuel either within or 
prior to the combustion chamber, may produce 
an engine that is less fuel-sensitive. A suitable 
oil may have the following characteristics : fluid 
at prevailing atmospheric temperatures, water 
below 1%, and preferably 0*5% or lower; 
distillation test minimum 60% at 300°C.; 
matter insoluble in xylol maximum 0*2%; coke 
residue (Conradson test) maximum 3-0%; 
ash maximum 0*02%; flash-point minimum 
65°C.; viscosity maximum 3° Engler at 20°C. 
Some users specify maximum phenols content 
10%, maximum sulphur content 0*6%, and 
chlorine maximum 0*02%. 

Benzole 'Wash Oil to be employed for the 
recovery of benzole from town and coke-oven 
gas should have sp.gr. at 15°C., 1*01-1 *036; 
distillation test nil at 200-210°C., not less 
than 70% at 300°C.; phenols normally 7-10%, 
but it is generally agreed the lower the better; 
water maximum 1%. The crystallisable con¬ 
tent of naphthalene is usually specified as nil on 
cooling the oil to 66°E., or may be limited to 
7% on cooling to 45°E. the fraction distilling to 
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300°C. Krebs (Gas- u. Wasserfach, 1930, 78, 
824) gives distillation test nil at 200°C., 90% 
below 300°, the distillation curve to be as nearly 
linear as possible. The presence of anthracene is 
undesirable. Viscosity of fresh oil is 1*5° 
Engler at 20°C., the spent oils have a viscosity 
of 8° and upwards. For data on absorptive 
capacity of oils, «ee “ Motor Benzole ” (Hoffert 
and Claxton). 

Hydrogenation .—By treatment at elevated 
temperatures (440-500°C.) and in presence of 
hydrogen under high pressure (200-265 atmos.) 
the rate of reaction being accelerated by 
catalysts (molybdenum sulphide, or oxide, zinc 
oxide, and magnesium oxide on active carbon or 
silica gel), creosote from high and low tempera¬ 
ture tars undergoes hydrogenation-cracking to 
yield lower boiling spirits of increased hydrogen- 
carbon ratio. Crude low temperature tar may 
also be used as raw material. Tar-oils of 
appropriate distillation range {i.e. not distilling 
above 300-325®) may bo treated directly in the 
vapour phase, but tars need preliminary treat¬ 
ment in the liquid phase and are fed to the 
plant with the coal where this is being treated. 
The Billingham plant, which started operations 
January, 1935, is stated to have been designed 
to handle annually 10,000 tons low temperature 
tar, 40,000 tons coal tar creosote, 100,000 tons 
coal. The following figures arc given by King 
and Cawley (J. Inst. Petroleum Tech. 193C, 22, 
601) : 
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Low tem 
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produce 

Carbon % 
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87-0 

82-0 

82-0 

86-0 

85-7 

drogen % 

6-7 

6-9 

7-9 

12-2 

14-3 

Mol. ratio . 

0-92 

1-01 

1-17 

1-7 

2-0 


Yields of gasoline on complete conversion are 
of the order of 80 to 90% by weight or just over 
100% by volume. The octane value and other 
properties of the spirit depend upon the operat¬ 
ing conditions; for further information, see 
Gordon (J. Inst. Fuel, 1935, 9, 69), King 
ibid. 1930, 9, 323), Smith (Engineer, 1936, 161, 
619, 659). 

Flotation processes for the concentration of 
certain minerals, particularly sulphide ores, are 
important and widely used. A mixture claimed 
to give good results is pine oil 10%, coal-tar 
creosote 80%, coal tar 10%—the quantity of 
flotation oil employed is 1-3-5% by weight of the 
mineral treated. The content of phenols in the 
grade used should be kept constant. 

Grease Making .—Attempts have been made 
to employ the oils distilling above 300°C., 
freed from crystalline matter and having a 
viscosity 2-3-5° Engler at 60°C. as a home 
source of lubricating oils. A tendency to resinify 
and a high rate of viscosity change with tempera¬ 
ture are serious disadvantages (Bruhn, Stahl u. 
Eisen, 1919, 89, 402, 469; Broche, Gliickauf, 
1932, 68 , 965). These oils have been employed 


as a sealing oil in waterless gasholders. They 
are also employed in the production of axle 
greases, the oil being mixed with slaked lime and 
rosin oil. 

Brick Oil. —A heavy fluid creosote of sp.gr. 
1-06-1*08 at 60°F. 

Lamp {Flame) Black is manufactured by 
partial combustion of the oil in a limited air 
supply. The yield is according to the carbon 
content of the oil and the design of the burner 
and condensing plant ; normally the figure for a 
mixture of naplithalene and anthracene oils is 
60 to 70%. Coarse and fine grades are obtained 
by fractional separation in the chambers through 
which the gases pass. 

Low TiiMPEEATrjRE Tab CREOSOTE.—These 
oils are obtained from tars produced by car¬ 
bonising bituminous coking coals at tempera¬ 
tures below 600°C. The hydrocarbons present 
are more closely related to petroleum (paraffin 
and naphthene series) than to the gas-tar oil 
hydrocarbons, being of low specific gravity, 
naphthalene in recoverable quantities being 
absent, and the higher boiling fractions contain 
paraffin wax. The unwashed oil contains a high 
percentage of phenolic bodies (cresols and higher 
homologues) and of other bodies soluble in 
aq. NaOH. For fuller information on constitu¬ 
tion, Ace G.T. Morgan (J.S.C.l. 1928, 47, 131T) 
and Fuel Research Dept, papers. 

Low temperature tars may be directly 
hydrogenated to ^deld an equal volume of motor 
spirit or the tar may be submitted to distillation 
and refining proctvsses to yield fractions suitable 
for employment as Diesel engine fuels, furnace 
fuel oils, timber-preserving oils, or for manu- 
fa(;ture of disinfectants. Typical analyses of 
oils from Coalite process low temiporature tar 
{see Bristow, J. Inst. Petroleum Tech. 1936, 22, 
583) are: 

Diesel Oil. —A fraction distilling mainly 
between 200° and 300°C. which has been care- 
fulty washed and redistilled, and to which 2% 
ol’ primer has been added, sp.gr. 0-916 at 60°F.; 
closed flash-point (Pensky-Martin) 166°F.; 
viscosity (Redwood No. 1) at 100°F. 31 seconds; 
coke 0-08%; cold test at 0°F. fluid ; total sulphur 
0-91%; spontaneous ignition temperature in 
oxygen 255°C. , phenols nil; calorific value gross 
18,450, nett 17,269 B.Th.U. per lb. 

Fuel Oil.—{a) Sp.gr. 0-983 at 60°F.; water 
0-3%,; open flash-point (Pensky-Martin) 212°F.; 
fire-point (Pensky-Martin) 255°F.; viscosity 
(Redwood No. 1) at 70°F. 81 seconds, 100°F. 
50 seconds; initial and final boiling-points 
respectively 207° and 400°C. (91-5%); crude 
phenols 2-5%; calorific value 18,275 B.Th.U. 
per lb.; sulphur 0*78%. 

(6) Aji unwashed grade has sp.gr. 1-0085 at 
60°F.; closed flash-point (Pensky-Martin) 186°F.; 
viscosity (Redwood No. 1) at 60°F. 53-5 
seconds; distillate to 300°C. 72%; crude phenols 
50%; calorific value 16,848 B.Th.U. per lb.; 
sulphur 0-70%. 

Timber-Preserving Oil. —A fraction to comply 
with B.S. 144/1936, has been placed on the 
market and detailed investigations of the wood 
preserving properties of this oil are being 
made. A type analysis is sp.gr. 38°C. 0-995; 
distillate to 205° 1*8, to 230° 18*3, to 315° 
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65*3%; phenols and compounds soluble in aq. 
NaOH in distillate to 316°C., 46%. 

Oil for Disinfectant Manufacture. —Sp.gr. 
0*978; phenols, etc., soluble in aq. NaOH, 
44 %; distils mainly between ISO'" and 

Blast Furnace Creosote resembles a low 
temperature tar, the specific gravity of the 
hydrocarbons being low, and little or no naphtha¬ 
lene being present ; the proportion of phenols 
is high (25-35%). The phenols consist of 
cresols and higher homologues, and crcosol and 
other derivatives of dihydroxy phenols are 
present, and the mixture has a high germicidal 
value. The product has a strong characteristic 
odour, resembling that of wood creosote. 
Formerly produced in large quantities in 
Scotland, it was employed for disinfectant 
manufacture and for creosoting timber. A 
washed oil used for benzole recovery had sp.gr.J® 
0*96; phenols 3 to 5%; distillation test, 
start 220°, 50% at 275°, and 70 to 75% at 
300°C.; sp.heat 0*42 to 0*44 cal./g./°C. H. Moore 
quotes the following analysis: ap.gr.^^® 0*903, 
distillation start 185°, 20% 200°, 82% 225°. 
Calorific value gross 17,986, nett 17,286 B.Th.TJ. 
per lb.; viscosity (Redwood) 5*7 at 70°F.; 
phenols 23%; ultimate analysis, C 82*6, 
H 9*9, O+N 7*22, S 0*28%. Production has 
now practically ceased, metallurgical coke now’ 
replacing coal for reduction purposes. 

Water Gas Tar Creosote is characterised 
by the absence of phenols. It is usuaUy rich in 
paraffins, is of low specific gravity, and may 
contain naphthalene and anthracene. 

F. M. P. 

CRESATIN , w-crosyl acetate. 

CRESOL, CeH4(CH3)OH. The three iso¬ 
meric cresols exist in coal tar (W'illiamson and 
Fairlie, Annalen, 1854, 92, 319; Ihle, J. pr. 
Chem. [ii], 14, 442; Tieinann and Schotten, Ber. 
1878, 11, 767, 783) in approximately the follow¬ 
ing ratio : or/Aocresol, 35 to 40; twe/acresol, 40; 
and paracrcsol, 25. The crude carbolic acid 
obtained by washing the light oil and carbolic 
oil fractions from the priraarj* distillation of coal 
tar (c/. Coal Tar, Carbolic Acid) with aq. 
NaOH and decomposing the carbolato so ob¬ 
tained with COg, contains phenol in associaiion 
with the three cresols and xylenols. On frac¬ 
tionation in a still heated by steam coils operated 
under vacuum and fitted with a highly efficient 
column, there are obtained a phenol fraction— 
an intermediate fraction which on cooling 
yields further crude phenol and a liquid of high 
or/Aocrosol content—a crude or/Aocrcsol—a 
second intermediate fraction containing a mix¬ 
ture of the isomeric cresols—and finally a crude 
meta-'para fraction. 

The two fractions of high or/Aocresol content 
are refractionated, yielding technical o-cresol, 
which is further purified by fractional crystallisa¬ 
tion. The crude meta-para fraction is fraction¬ 
ally redistilled to yield a product containing at 
least 50% we/acresol (c/. Cresylic Acid) or if 
the isomers are to be separated, a process 
impossible by distillation, a close-cut fraction 
containing 58 to 60% meta-, 42 to 40% para- 
cresol is collected and treated by one of the 
following methods. 


The general method is based on the separation 
of the corresponding sulphonic acids. The meta- 
para mixture is heated to 100° with four times 
its weight of cone. H2SO4 or the mixture is 
treated without external heating with three 
times its weight of fuming sulphuric acid (20% 
SO3). Sufficient w*ater is added to the charge 
to reduce the boiling-point on the passage of 
superheated steam to 116-120°. The meta- 
cresol sulphonate hydrolyses and m-cresol 
distils over. The para-acid is finally decomposed 
by superheated steam at 140° (Raschig, B.P. 
25269/1899, G.P. 114975; Bruckner, Z. angew. 
Chem. 1928, 41, 1043, 1062). Alternatively, 
Raschig proposed to separate the sulphonic acids 
by taking advantage of the higher solubility of the 
m-cresol derivative in sulphuric acid, the para- 
crcsol suljdionic acid being allowed to crystal¬ 
lise out by prolonged standing, the vneta- 
crosol sulphonic acid being obtained from 
the mother liquors (B.P. 18334/1899), or a soluble 
sodium salt such as the sulphate, may be added 
in sufficient quantity to form the sodium salt of 
7-f-cre.sol sulphonic; acid, which crystallises out. 
The separated sulphonic acids are hydrolysed 
by steam. If insufficient HgSO^ is used, the 
m-cresol is preferentially attacked, and the 
unconverted p-cresol can be extracted by ben¬ 
zene (Hofmann-Larochc, F.P. 434534, cf. also 
Terrisse, G.P. 281054). Schiilke and Mayr 
(G.P. 268780) effect preferential sulphonation 
of the m-cresol by employment of H2SO4 of 
80 to 90% strength, and obtain a product 
containing 90% m- and 10% p-cresol, which is 
further purified by resulphonation with in¬ 
sufficiency of acid or by freezing (Eiger, U.S.P. 
1015616). In G.P. 148703, sodium hydrogen 
sulphate is employed as the agent preferentially 
sulphonating m-cresol. 

It has also been suggested to separate the 
meta- and para-cresols by means of their barium 
salts (G.P. 53307, 152652), or their calcium 
salts (G.P. 152652). 

Rutgers (G.P. 137584, 141421) treats the 
mixture of isomers with anhydrous oxalic acid 
or an anhydrous acid oxalate at 100°C. By this 
means the oxalic ester of p-cresol alone is 
formed and separates out; it is filtered off and 
decomposed by water into p-cresol and oxalic 
a(;id; the m-cresol is obtained from the mother 
li(]uor8. According to Darzens (Compt. rend. 
1931,192, 1657 ; B.P. 107961) thep-cresol forms 
complexes that are true addition compounds of 
1 mol. cresol with 1 and 2 mols. respectively of 
oxalic acid, formed without elimination of 
water. Darzens separates m-cresol by means 
of the complex formed by the combination of 2 
mols. m-cresol with 5 mols. anhydrous sodium 
acetate in the presence of an organic solvent. 
The complex is separated, washed, and decom¬ 
posed with water. 

Schering-Kahlbaum A.G. (B.P. 297083) effect 
separation by means of the urea addition com¬ 
pound of m-cresol. Desseigne (M6m. Poudres, 
1934-35, 26, 134-157) dissolves M to 1*5 mols. 
urea per mol. m-cresol in the 60:40 meta-para 
mixture at a temperature not exceeding 120°, 
adds petrol (b.p. 120-160°) with agitation, and 
cools to obtain the m-cresol compound which is 
separated and decomposed by water at 60°. The 
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yield of w-cresol is given as 83% and the pure 
pam-compound is obtained from the residues by 
means of the oxalic acid compound {see also 
Bentley and Catlow, B.P. 374010). 

orthoCresol (2-hydroxytoluene) forms colour¬ 
less crystals or a white crystalline mass which 
discolours on exposure to light, crystalllising- 
point 30-45° (Dawson and Mountford, J.C.S. 
1918, 113, 925); 30-75° (Bridgman Physical 
Rev. 1914, [2], 3, 184); boiling-point at 760 
mm. 191°C., 600 mm. 182°, 400 mm. 168°, 
163 mm. 140°, 76 mm. 120°, 49 mm. 110°, 
(Bruckner, Z. anal. Chem. 1928, 75, 289); 

1-0465, 1-0290; soluble to 3 0 vol. per 

cent, in water at 40° ; conductivity 0-127 X10^® 
at 25°; 1-5372; specific heat 0-20°, 

0-499. Forms dibromo- and dinitro-derivatives. 
At low temperatures yields additive compounds 
with pyridine and naphthalene. Standard 
commercial grade has crystallising-point 30-3- 
31-0° (B.S. 522, 1938). 

metaCrem\ (3-hydroxytoluene) is normally a 
colourless, hygroscopic liquid when fresh, 
becoming slightly brown on keeping; crystal¬ 
lising-point 11-8° (Darzens, Compt. rend. 1931, 
192, 1657); boiling-point 760 mm. 202°, 

600 mm. 193°, 305 mm, 170°, 110 mm. 140°, 
48 mm. 120°, 19 mm. 100° (Darzens, ibid.) 
df 1-0336, dJo 1-0184; soluble to 2-5 vol. per 
cent, in water at 40°C.; conductivity 1-597X 
]0-8 at 25“! 1-5332, 1-5352; specific 

heat 0-20°, 0-479; mol. heat of evaporation 
10,860 cal. Forms tribromo- and trinitro- 
derivatives. Standard commercial grade has 
sp.gr.Jg.g 1-037-1-040; crystallising-point not 
lower than 10-5° (B.S. 522. 1938). 

paraCresol (4-hydroxytoluene) forms hygro¬ 
scopic colourless prismatic crystals which dis¬ 
colour on keeping; crystallising-point 36-0° 
(Fox and Barker, J.S.C.I. 1918, 37, 268T); 
boiling-point at 760 mm. 202-3°, 500 mm. 187°, 
217 mm. 160°, 106 mm. 140°, 47 mm. 120°; 

1-0347, 1-0186; soluble to 2-3 vol. per 

cent, in water at 40“C.; 1-5319 (Gibbs, J. 

Amer. Chem. Soc. 1927, 49, 839). Forms di¬ 
bromo- and dinitro-derivatives. At low tem¬ 
peratures yields additive compounds with 
pyridine and naphthalene. Standard com¬ 
mercial grade has crystallising-point not lower 
than 34° (B.S. 522, 1938). 

For analytical methods, see Cresylio Acid. 

Employment —The main market demand for 
the cresols is for mixtures of the isomers of 
controlled composition particularly with respect 
to the content of the ortho- or mefo-cresols, or 
for the general mixture sold as cresylic acid 
{q.v.). There is, however, a growing demand for 
the pure isomers as raw materials for the pro¬ 
duction of derivatives required by the organic 
chemical industry. Some of the more im¬ 
portant uses are as follows: o-cresol is used 
to a limited and unimportant extent in the 
dyestuifs industry, the ammonium and potassium 
salts of dinitro-o cresol were previously employed 
under the name “ Victoria Yellow ”; p-nitro- 
o-chlor-o-cresol is a basic material for the 
production of sulphur dyes and o-cresotinic acid 


is employed in manufacture of cotton and azo 
dyes. The use of the potassium salt of dinitro- 
o-cresol as an ingredient of plant washes has 
been patented; o-cresyl phosphate is a start¬ 
ing material for coumarin (Agfa, G.P. 246871, 
F. Raschig, G.P. 223684), and finds increasing 
employment as a plasticiser and fire retarder for 
nitro cellulose and celluloid. The resin from 
pure o-cresol and formaldehyde is odourless and 
has been patented as a shellac substitute. 

Trinitro-ru-crcsol {cresylite) has been employed 
as an explosive. m-Cresol is the starting-point 
for Musk Ambrette and for synthetic thymol. 

p-Cresyl methyl ether is employed in per¬ 
fumery in the preparation of synthetic ylang- 
ylang oil (Schiinrnel A.-G., G.P. 142859, also 
Perf. & Essent. Oil Rec. 1923, 14, 398), and 
the amino-derivative of this compound in the 
production of azo dyes. Another important 
derivative of p-cresol is anisic acid. 

Under controlled oxidising conditions (copper 
oxide and caustic soda) the cresols yield the 
corresponding hydroxybenzoic acids and by the 
action of carbon dioxide on the sodium salts 
the cresotinic acids (q.v.) are formed. 

In general, the toxicity decreases and the 
germicidal value of the phenol homologucs 
increases as the alkyl group increases in com¬ 
plexity (Coulthard, Marshall and Pyman, 
J.C.S. 1930, 280). The phenol coefficient 

of the cresols is 2-2±0-2. A number of deriva¬ 
tives of m-crosol of high germicidal value have 
been prepared, e.g. amyl-m-cresol, phenol co¬ 
efficient 200-300 ; 5-chloro-m-crcso], phenol 
coefficient in aqueous solution 133, in soap solu¬ 
tion 24, in caustic soda solution 8 (Rapps, 
J.S.C.I. 1933, 52, 175T). 

F. M. P. 

CRESOL COMPOUNDS IN PER¬ 
FUMERY. A number of cresol compounds 
have recently come into vogue as synthetic 
perfume materials. Of these the following are 
the most important: poracresyl methyl ether, 
C^H^-OMe, has a w^ell-defined odour of wall- 
fiowers with a definite suggestion of ylang-ylang; 
'sp.gr. 0-978; b.p. 177^ ref. ind. 1-5123. 
The butyl ether is similar, but has a different 
“nuance.” The phenyl ether, C^H^-OPh, has 
a very powerful odour of the hyacinth-rose 
type, it has the following characters: sp.gr. 
about 1-063, ref. ind. 1-67&). p-Cresyl acetate, 
CgH^Me OAc, is a synthetic perfume having a 
very penetrating odour of narcissus, and is used 
in many perfumes of the lily, lilac and honey¬ 
suckle types, it has sp.gr. 1-055, ref. ind. 
1*5025, b.p. 209°. p-Cresyl phenylacetate, 
CgH 5 *CH 2 ’COO*C 7 H 7 , is used to a considerable 
extent as a narcissus perfume. It is a crystalline 
substance melting at 75°. 

E. J. P. 

CRESOTIC ACID. The ten isomeric 
hydroxy-toluic acids (empirical formula, 
CgHgOg) are sometimes called cresotic acids, a 
term which indicates their relationship with the 
cresols. In American terminology the name is 
applicable to all ten isomers, e.g. 4-.3-cre8otic 
acid is 4-hydroxy-3-methyl-benzoic acid. In 
the German system of nomenclature the name 
“ Kresotinsfture ” is restricted to the following 
three compounds, which are obtainable from o*, 
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m-, and jp-cresol respectively by the action of 
carbon dioxide, sometimes under pressure, in the 
presence of alkali (the Kolbe synthesis): 

or^AoCresotic acid, or 2 -hydroxy- 7 W-toluic acid, 
m.p. 165°: 

Me 



(For manufacture, see G.P. 138563, 624318.) 

metoCresotic acid, or 3-hydroxy-p-toluic acid, 
m.p. 177°: 

Me 



paraCresotic acid, or 4-hydroxy-m-t()luic acid, 
m.p. 150°: 

Me 


(For manufacture, see G.P. 138563.) 

They are homologues of salicylic acid which 
they resemble in general properties. Some 
derivatives have been reported to have medi¬ 
cinal value. 

CRESOTINIC ACID v. Ckesotic Acid. 

CRESYL ETHER {di-cresyl oxide), 
(C,H,),0. There are three forms, o, w, and p. 
The di-ortho- compound boils at 275° and is 
used in the preparation of artificial geranium 
perfume. 

CRESYL 1C ACID. The mixture of non- 
crystaUisable, higher boiling phenols obtained in 
the manufacture of carbolic acid {q.v.) from GO’s 
carbolic acid is, after redistillation, known com¬ 
mercially as cresyhc acid or liquid carbolic acid. 
When a good market demand exists, the creosote 
oil fractions distilling after the carbolic oil 
fraction {v. Coal Tar) may also be washed with 
caustic soda solution for the recovery of the 
phenol contents. (For recovery processes from 
ammoniacal liquor, see Carbolic Acid). The 
product is a clear liquid varying in colour from 
white to dark reddish or yellowish-brown, and 
containing 96 to 100% phenols according to 
grade, the chief impurities being neutral oils 
(naphthalene and methylnaphthalene), pyridine 
bases, and water. The normal refined product 
consists substantially of crosols and/or xylenols, 
and may contain phenol in relatively small 
amounts. Formerly cresylic acid contained o-, 
m-, and p-cresols in the proportions they occurred 
in the carbolic oil, i.e. 36:40:26, but the develop¬ 
ment of the synthetic resin (phenols-formalde- 
hyde) industry has led to a demand for products 
of closely standardised ortho- and/or TinMa- 
cresol content, with the result that ordinary 
cresylic acid may vary somewhat widely in 
composition. The specific gravity may be within 
the limits 1-030 and 1-050, and the distillation 
range may lie within the limits 190° and 220°C. 
The acid should be sweet smelling, contain not 


more than traces of sulphuretted hydrogen, and 
react neutral to moistened litmus paper. The 
“British Pharmacopoeia” 1932 quality has 
sp.gr.jgij 1-035-1-050; on distillation not more 
than 2 % passes over below 188° and not less 
than 80% distils between 196° and 205°. The 
hydrocarbon content is below 0 - 6 %, bases 
calculated as CgHgN below 0 - 1 %, residue on 
evaporation below 0-1%. The acid is almost 
completely soluble in 60 parts of water, the 
solution having a pungent taste, and freely in 
alcohol (90%), ether, chloroform, light 
petroleum, glycerine, and in fixed and volatile 
oils. The purer grades dissolve in dilute caustic 
soda to give a clear solution or one from which 
only a few flakes of naphthalene separate on 
standing. B.S.S. 615, 1938, recognises live 
grades, the purest grade containing not more 
than 0*5% impurities (water, pyridine bases, 
and neutral oils), and the lowest grade up to 6 % 
impurities, of which not more than 2-5% may 
be neutral oils. The standard cresylic acid of 
high mefacresol content is a colourless to pale 
straw liquid and has sp.gr. 1*035-1-040, 
me/acresol content 50-55%, water content 
below 0 ' 6 %, neutral oils and bases each separately 
below 0-1% and distils 92% between 199° and 
204°C. (r/. B.S. 521, 1938, and German and 
Japanese Pharmacopoeias). The corresponding 
product of high or/Aocresol content contains not 
less than 45% or/Aocresol, has sp.gr.J®!® 
1-045-1*050, distils not less than 90% between 
192° and 200°, and conforms to the impurity 
limits quoted above for the high mefacresol 
product (c/. also Cresols) . 

Cresylic acid is highly poisonous. The phenol 
coefficient as determined by the Rideal-Walker 
method lies between the limits 2 and 5, depend¬ 
ing upon the proportion of higher phenols 
present. Cresylic acid from low temperature 
tars and some vertical tars tends to give a pink 
solution in alkalis, and a number of methods 
have been patented for overcoming this dis¬ 
advantage (B.P. 397847, U.S.P. 1822842). 

Methods of Analysis. —The crosols and 
homologues may be identified by means of the 
corresponding aryloxyacetic acids formed by 
heating the sodium salt of the phenol with 
chloracetic acid (Fischer, Ges. Abh. Kennt. Kohle, 
1917,2, 236 ; Briickner, Z. angew. Chem. 1928,41, 
1043, 1062). A method based on the fractional 
hydrolysis by steam of the sulphonic acid deriva¬ 
tives may also be employed. The phenol mix¬ 
ture is well shaken with an equal part of 1*84 
H 2 SO 4 and then heated to 103° for 3 
hours to convert the o-sulphonic acids into the 
p-acids which are more stable at higher tempera¬ 
tures. The unconverted phenols are steam 
distilled at 103° to 104° and finally the tempera¬ 
ture is raised to the hydrolysing point, 
w-cresol being liberated at 116-119°, phenol 
at 123-126°, and o- and p-cresols at 133-136°. 
These last are separated by conversion into the 
cresoxy-acetic acids, the sodium salt of the ortho- 
isomeride being the more soluble in water. 
Wehuizen (Rev. trav. chim. 1918, 37, 276) and 
Steinkopf and Hopner (J. pr. Chem. 1926, 
[ii], 118, 137) employ the crystalline phenyl- 
urethanes to characterise the phenols. 
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or^^Cresol is quantitatively determined by tared Gooch crucible. For the transference of 
the method of Potter and Williams (J.S.C.I. the remainder of the solid and the washing of the 
1932, 51, 59), which is based on the property of powder, a total of 100 c.c. water delivered from a 
o-cresol of forming a crystalline compound fine jet wash bottle is employed. The crucible 
of definite crystallising point with cineole. A and contents are dried to constant weight at 
mixture of 8-40 g. of the dry sample, which must 95° to 100°C. Under these condition 1 g. of 
contain more than 30% orfAocrcsol, and 12*0 g. m-cresol yields 1-75 g. of trinitro-w-cresol. The 
pure cineole is prepared and the approximate powder should remain solid at the temperature 
crystallising point determined. The mixture is of drying indicating freedom from excess 
then warmed to a temperature approximately xylenols ; otherwise the test should be repeated 
5°C. above the crystallising point until all but with the addition of a known weight of pure 
the last traces of crystal are melted, and the m-crcsol to the original sample. The general 
crystallising point determined by the usual conditions and, in particular, the quantity of 
method. The percentage of o-crcsol is ascer- nitric acid, must be strictly adhered to in order 
tained by reference to the following table, which to prevent the development of dangerous 
is based on the use of cineole of crystallising conditions “ Standard Methods for Testing 


point 1*2°C.: Tar and its Products,” 2nd ed.). 

Crystallising point of o-cresol- Phenol in cresylic acid is determined by 
o-Cresol in sample. cineole mmplex. Chapin’s method (Ind. Eng. Chern. 1920, 

2 QQ 12, 771), which is based on the fact that 

jjQ formaldehyde quantitatively bleaches the colour 

gQ developed by treating phenol with Millon’s re- 

ijQ ^g.g agent (an aqueous solution of neutralised mercury 

nitrate), whereas the colour developed by higher 
gQ phenols with the reagent remains unchanged. 

22-0 qualitative and quantitative tests given 

in article on Carbolic Acid. 

Precautions are necessary to ensure absence of Uses .—The total production of cresylic acid 

water. in 1935 in Great Britain was of the order of 

If the preliminary test shows that the o-cresol 5 million gallons, of whicdi about 35% was 
content is lower than 30%, the test is repeated exported. The U.8. A. take a special grade which 
using a mixture of equal parts of the sample and on distillation yields not more than 5% phenols 
of pure o-cresol. The cineole and the sample at 190° and not more than 75% at 215°C.; this 
tested must be quite dry. The test gives reliable grade is admitted duty free, the British export 
results in the presence of phenol, w-, ^j-cresols figure to IhS.A. in 1935 being 789,158 gallons. 


Crystallising point of o-cresol- 
o-CrcBol in sample. cineole complex. 

% “0 

100 5fi-‘4 

90 530 

80 49-6 

70 45-8 

60 41*5 

50 36-7 

40 31-0 

Precautions are necessary to ensure absence of 
water. 


and xylenols (J.S.C.I. 1938, 57, 212). 


Chile take.s 300,000 gallons cresylic acid for 


W6/aCresol is determined quantitatively by the employment in the froth llotation process for the 
method of Raschig (Z. angew. Chera. 1900, 13, concentration of minerals. 


759) which depends upon the formation of the 
trinitro derivative when m-cresol is treated 


The main home markets arc for: 

1. Synthetic resins of the phenol-formalde- 


at boiling temperature with nitric acid in excess, hyde type—the demand is mainly for a product 
while the o- and p-cresols under these conditions of w-cresol content standardised within ±li% 
are completely oxidised to oxalic acid. The of an agreed figure, normally lying between 50 
sample should not contain more than 1% of and 58%. Cresylic acid is employed in place of 
water, 5% of phenol or 10% of xylenols. The phenol by reason of lower cost, consistent with 
m-cresol content should bo between 45 and 80%; good electrical and chemical resistance of the 
10 g. of the sample are weighed into a 50 c.c. resin. or/i^oCresol tends to retard, whilst 
fiask and mixed with 15 c.c. 96% sulphuric acid, meiacresol assists resin formation. 


After being heated for an hour at 95-100°, 2. Disinfectants.—This 


absorbed 


the contents are poured into a wide-necked 456,000 gallons in 1934. This figure includes 
litre flask and rapidly cooled under the tap the acid used for lysol, emulsifying disinfectants, 
with a circular motion to spread the compound which give a milky emulsion with water, and 
over the sides of the flask. 90 c.c. of dilute which are employed as sheep dips, veterinary 
nitric acid (sp.gr. 1*38-1-40) are taken in a fluids, or for household disinfectants, soaps, 
cylinder and employed in small quantities to and disinfectant powders. 


rinse the sulphonic acid from the small flask 
into the litre flask. The flask is then shaken at 


3. Froth flotation of minerals. 

4. Synthetic tannins, tricresyl phosphate (a 


arms’ length in a fume cupboard until the lacquer and varnish plasticiser and fire retarder 
sulphonic acid is completely dissolved. Gentle for nitrocellulose), methyl cycZo-hexanol (solvent, 
agitation by swirling is continued until the re- plasticiser, and wetting agent for textiles), 
action commences as shown by the copious explosives. 

evolution of brown fumes. The flask is allowed 5. Inhibitors in production of motor fuels 

to stand for 20 minutes on a plate of insulating (high or^Aocontent preferred). 

material and the contents are then poured into a 6. Lubricating oil refining by solvent methods 

porcelain dish containing 40 c.c. water, the flask (Chem. Met. Eng. 1935, 42, 246; Oil and Gas J. 

being thoroughly rinsed out, using in all 40 c.c. 1935, 33, (45), 86; 83, (61), 16). 

water. The dish and its contents are allowed to 7. Pure cresols for manufacture of derivatives 

stand 2 hours ; the solid mass of trinitro-m- required by the dyestuffs and perfumery 

oresol is then reduced by means of a pestle to a industries. 

coarse powder and transferred completely to a F, M. P. 
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CRESYLITE. An explosive consisting 
mainly of 2:4;t)-trinitrow€<acre8ol whicli has 
been used in France for filling projectiles. A 
mixture of this explosive with 40% of picric 
acid made by melting the two components under 
water has also been used for the same purpose 
under the name of Cresylite 60/40 or Cresylite 
No. 2. 

Manufacture ,— Trinitrocresol (lan be manu¬ 
factured by a similar process to that used for 
picric acid. In order to obtain a high yield it is 
necessary that the crcsol used shoidd consist 
essentially of the meta modification, since the 
other isomers are largely destroyed during the 
nitration process with considerable loss of nitric 
acid. 

According to Wride (Arms and Explosives, 
1920, 28, 47) 28 kg. of crcsol are mixed with 
120 kg. of sulphuric acid (92%) in a sulphona- 
tor and stirred for one hour, the mixture 
attaining a temperature of about 60‘^'C. Ulie 
sulphonated cresol is then run into a nitrating 
pot similar to that used for picric acid, con¬ 
taining 98 kg. of Chili nitrate and 170 kg. 
of nitric acid (38%). The whole of the sulpho¬ 
nated cresol is added in 4 hours. During the 
first quarter of an hour air agitation is employed 
to ensure complete mixing of the materials. 
At the end of the 4 hours air is again blown 
in for half an hour, after which about 80 litres 
of cold w'ater are carefully added, air agitation 
still being used. After standing for about 
8 hours, the mother liquid is removed and the 
explosive washed and dried. 

Yield, —Theoretically, 100 parts of cresol 
should yield 225 parts of trinitrocresol, but 
by the above process the maximum yield is about 
150% of the raw material. 

Properties .—Commercial trinitrocresol is a 
yellow substance consisting chiefly of trinitro- 
me/acresol with a small percentage of other 
isomers. It is considerably less soluble than 
picric acid in water, 1 part of the explosive 
dissolving in 450 parts of water at 20°C., but is 
readily soluble in alcohol and ether. 

Pure 2:4: 6 -trinitrocresol melts at 109*5°C., 
but the melting-point of the commercial product 
is about lOO'^C. It has an acid reaction and 
forms salts analogous to the picrates. The 
trinitrocresylates, however, are not so sensitive 
to shock as the picrates. 

Trinitrocresol is somewhat less effective than 
picric acid as an explosive and requires a power¬ 
ful initiatory impulse to cause complete 
detonation. 

According to Kast, aqueous suspensions of 
the explosive dissolve appreciable quantities of 
metals such as lead, iron, zinc and copper, but 
have no appreciable action on aluminium. 

H S 

CRISALBINE (May and Baker). Gold 
sodium thiosulphate, used in the treatment of 
pulmonary tuberculosis. 

CRISTOBALITE. A native form of silica 
(SIOj) crystallising in the cubic system (pseudo- 
cubic). It was first recognised by G. vom Rath 
in 1886 as regular octahedra up to 2 mm. 
across, associated with tridymite, in cavities in 
andesite from the Cerro de San Cristdbal, near 
Pachuca in Mexico. It has since been found in 


volcanic rocks in the Rhenish district. Central 
France and California, and in certain meteorites. 
The milk-white, translucent crystals are twinned 
and exhibit optical anomalies ; these disappear 
suddenly at a temperature of 175°, the crystals 
being then truly cubic; on cooling, the bi¬ 
refringence reappears. Sp.gr. 2*34, hardness 
6-7, refractive index 1-49, birefringence 0-0006. 

Quartz when heated passes into / 3 -tridymite 
at 870°, and this in turn passes into jS-cristobahte 
(or metacristohalite, the cubic, optically isotropic 
modification) at 1470°. On cooling, the latter 
passes into the birefringent a-cristobalite at 
180-270°. The refractive index of this artificial 
cristobalite is about T484, being slightly higher 
than that of tridymite (1-477) ; m.p. 1710°. 
Cubic crystals of silica have also been obtained 
artificially by heating an aqueous solution of 
colloidal silica with hydrofluoboric acid at 200 ° 
under a pressure of 26 atmospheres. Cristo¬ 
balite has also been detected in silica-bricks. 

L. J. S. 

C RIT H . The weight of a litre of hydrogen 
at 0° and 760 mm. pressure—viz. 0-0898 g. 

CROCEIN ACID, 2 -naphthol- 8 - 8 ulphonic 
acid. Used in making croceine scarlet and other 
dyes. 

CROCETIN and CROCIN. Crocetinand 
crocin are carotenoid components of saffron 
{Crocus sativus). They are related in that 
crocin (I, R=:gentiobiose residue), the major 
component of the saffron pigment, is the di- 
gentiobiose ester of the dicarboxylic acid crocetin 
(I, R = H) (Karrer and Miki, Helv. Chim. Acta, 
1929, 12, 985; Karrer and Salomon, ibid. 1933, 
16, 643). 

CHCH:CMeCH:CHCH:CMe-C02R 

i[H CH:CMe CH:CH CH:CMe COjR 
I. 

Crocin, C 44 Hg 4024 , is readily soluble in hot 
water but practically insoluble in alcohol or 
ether. On acid hydrolysis it gives crocetin and 
glucose, whilst with alcoholic ammonia the di¬ 
carboxylic acid is formed together with gentio- 
biose. Crocin is extremely sensitive to dilute 
aqueous potassium hydroxide giving a quantita¬ 
tive yield of crocetin (as potassium salt). With 
aqueous methyl-alcoholic alkali, however, an 
extraordinarily facile esterification of the croce¬ 
tin occurs with formation of the mono- and di¬ 
methyl esters. 

Crocetin, C 20 H 24 O 4 , is insoluble in water 
and in most organic solvents with the exception 
of pyridine, from which it separates in red 
coloured leaves, m.p. 275-276°, which exhibit 
absorption maxima at 463 and 434-5 m/a in 
chloroform ; the potassium and sodium salts 
are yellow in colour. 

Crocetin monomethyl ester, m.p. 218°, 
separates as reddish-yellow plates from chloro¬ 
form-methyl alcohol. Two stereoisomeric di¬ 
methyl esters of crocetin are known, the labile 
citf-isomer, m.p. 141°, being converted into the 
stable trans- form, m.p. 242°, on exposure to 
light. The latter separates from chloroform- 
methyl alcohol in orange-red plates and exhibits 
optical maxima at 463 and 434-6 mp in chloro- 
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form. On thermal degradation it yields 2:6- 
dimethylnaphthalene, toluene, m-xylene 
together with the dimethyl ester of l:4:8-tri- 
methyloctatetraene l:8-dicarboxylic acid (II), 
which is formed by the remarkable transforma¬ 
tion illustrated below: 

CH CH=V-CMe CH:CH CH:CMe CO,Me 
iHCH:CMeCH=FCHCH:CMeCO,Me 

Toluena. 

CMe CH:CH CH:CMe CO.Me 

II 

CH CH:CMe COjMe 

11. 

The Structure of Crocetin .—Titration with 
alkali shows that crocctin is a dicarboxyhc acid ; 
on catalytic hydrogenation, crocetin dimethyl 
ester absorbs the equivalent of 7 mols. of hydro¬ 
gen (Karrer and Salomon, Helv. Chim. Acta, 
1927, 10, 397; 1928, 11, 513), from which it 
follows that crocetin is acyclic. 

Since oxidation with chromic acid proves the 
presence of 4 extracyclic methyl groups, the 
7 ethylenic linkages must be disposed between 
14 carbon atoms. On this evidence a satisfac¬ 
tory formulation (I) for crocetin was advanced. 


This structure, and especially the location of 
the methyl group side chains, has been con¬ 
firmed by the synthesis of perhydrocrocetin 
(Karrer, Benz and Stoll, Helv. Chim. Acta, 
1933, 16, 297). 

Again the degradation of perhydrocrocetin to 
the diketone, ^18^34^2 (^^0 • 

HOgCCHIVIe—X—CHMeCOgH 

Br; KOH 

H02CCMe(H0)XCMe(0H)C02H 

MeMgl I on acid chloride 

HO MegC CMeCOH) X CMe(OH) CMea OH 

I Pb(OAc)4 

4' 

Me CO—X—CO Me 

III. 

and the synthe.sis of this diketone (6;ll-dimethyl- 
hexadecane-2:]5-dione) (Karrer and Lee, Helv. 
Chim. Acta, 1934, 17, 545) afford a further 
confirmation of the correctness of the structure 
allocated to crocetin : 


Na; EtOH 

EtOjCCHa-CHMeCHaCOaEt-OHCHaCHa'CHMeCHaCHaOH 

Na; EtI 

-y EtOCHaCHa-CHMeCHgCHaOH 

PBr.; Na 

-^ CH2(0Et)CH2CHMe[CH2]4CHMeCH2CH20Et 

HBr; CHNatCO-Et). 

-► H02C[CH2]3CHMe[CH2VCHMe[CH2VC02H 

(hydrol) 

MeZnI on 

-V MeCO[CH2]3CHMe[CH2]4CHMe[CH2]3COMe 

acid chloride 

III. 


In addition to crocin, crocetin, carotene, 
lycopene, and zeaxanthin, saffron also contains a 
colourless glycoside, picrocrocin (IV), the 
presence of which led Kuhn and Winterstein 
(Ber. 1934, 67, [B], 344) to suggest that crocetin 
is evolved by a phyto-chemical oxidation of a 
xanthophyll according to the following scheme: 

CHCH:CMeCH:CHCH:CMeCH:CHR 

(!!HCH:CMeCH:CHCH:CMeCH:CHR 
Xanthophyll glycoside. 

CH-CH:CMe.CH:CHCH:CMe*C02H 

[I -f-2R-CHO 

CHCH;CMeCH:CHCH:CMeC02H 

Crocetin. 


CMe„ 


—C CH 

in: 


OGI 


IV, 


CH. 


T. M, H. and F. S. S. 


CROCIDOLITE. (Gor. Krokydolith.) A 
mineral of the soda-amphibole group, consisting 
of sodium and iron (ferric and ferrous) silicate, 
NaFe'"(Si 03 ) 2 *Fe^Si 03 . It is known only in 
a finely fibrous form, its name, in fact, being from 
KpoK^s, KpoKvhoSy wool. In the trade it is 
known as blue asbestos, and it is worked for the 
same purposes as the other varieties of asbestos 
{q.v.). It is, however, more readily fusible (to 
a black magnetic glass) than are tremolite- 
asbestos and serpentine-asbestos. The mineral 
has been long known from the Asbestos Moun¬ 
tains near the Orange River in Griqualand West, 
South Africa, where it occurs abundantly as 
veins, I or 2 inches in thickness, in jasper- 
schists. The closely aggregated parallel fibres 
are arranged perpendic^arly or nearly so to the 
walls of the veins ; and the material is extracted 
as slabs. It is now extensively mined for 
commercial purposes (A. L. Hall, Asbestos in the 
Union of South Africa, Mem. Geol. Survey South 
Africa, 2nd ed., 1930, no. 12; M. A. Peacock, 
Amer. Min. 1928, 13, 241). 

Being an alkali silicate with ferrous iron, 
crocidolite is especially liable to decomposition 
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when exposed to weathering; sodium is re- 
moTed, and the iron oxidised and hydrated to 
form limonite, while the silica is set free. There 
then results a ferruginous quartz possessing the 
finely fibrous structure of the original mineral; 
or, in other words, a pseudomorph of quartz 
and limonite after crocidolite. This material is 
coloured a rich golden yellow, and displays a 
silky lustre, and being at the same time very 
hard, it is well adapted for ornamental purposes. 
When cut and polished with a convex surface, it 
displays a cat’s-eye effect, and it is extensively 
used for making knobs, umbrella handles, beads, 
etc. Such material is known as tiger's-eye, 
though, unfortunately, in the trade the name 
crocidolite is very frequently misapplied to it. 1 
The name pseudo-crocidolite would be more 
appropriate. In some stones there has been 
silicification without oxidation, and the indigo- 
blue colour of the original crocidolite has been 
preserved; material of this kind is known as 
hawk's-eye. The stones are sometimes stained 
artificially with dyes. See also Asbestos. 

L. J. S. 

CROC IN V. Crocetin, 

CROCOITE or CROCOISITE. Lead 
chromate, PbCr 04 , crystallising in the mono- 
chnic system. The name was originally given in 
the French form crocoise by F. S. J3cudant in 
1832, from KpoKo^, saffron ; this was later changed 
to crocoisitc, and afterwards to the more correct 
form crocoite. This mineral is the only chromate 
of any importance found in nature, and in it the 
element chromium was discovered. It is found 
usually as crystals which are bright hyacinth- 
red in colour wdth a brilliant lustre; the streak 
is orange-yellow. On exposure to light the 
crystals soon deteriorate in translucency and 
brilliancy. Sp.gr. 6*0, hardness 2J-3. Crocoite 
is a mineral of secondary origin in veins of lead 
ore and is often associated with gold. It is found 
at Beresovsk in the Urals (where it was dis¬ 
covered in 1766), Congonhas do Campo near 
Ouro Preto in Brazil, Luzon in the Philippines, 
Umtali in Rhodesia, and as very fine crystals 
at Dundas in Tasmania. The mineral has been 
used as a pigment, being identical in composition 
with the artificial product chrome yellow. 

L, J. S. 

CROCUS OF ANTIMONY v. Antimony 

OxYSULPinDE. 

CRONSTEDTITE, HgFe/Fei'SiaOao, a 
variety of thuringite. 

CROOKESITE. A selenido of copper, thal¬ 
lium (TI 16-18%) and silver forming compact 
masses with lead-grey colour and metallic lustre. 
Sp.gr. 6*9, hardness 2^3. It occurs embedded 
in calcite in the Skrikerum mine, Sm&land, 
Sweden. Although a rare mineral, it is of 
interest in being one of the few minerals contain¬ 
ing thallium in considerable quantity. It was 
named in 1866 in honour of Sir William Crookes 
(1832-1919), the discoverer of thallium. 

L. J. S. 

CROPS. The composition of crops is usually 
expressed in terms of a conventional series of 
analyses, which, though they do not necessarily 
pick out sharply any particular plant con -1 
stituent, are widely used for comparative I 


purposes. Many crops are grown directly or 
indirectly as feed for livestock. Virtually 
all the quantitative information on digestibility 
and nutritive values is based on the same 
analyses, which are also used in the proper 
balancing of rations. For such practical pur¬ 
poses the figures are sufficiently precise and are 
unlikely to bo supplanted by any other system. 
For research purposes, however, the use of this 
system of analyses is unwise, as misleading results 
are apt to be obtained. The analyses commonly 
carried out are as follow {see Ministry of Agri¬ 
culture, Fertilisers and Feeding Stuffs Regula¬ 
tions, 1932, No. 658). 

1. Dry Matter. —A weighed quantity of the 
sample is dried at 100°. 

2. Ether-soluble Substance (expressed often as 
crude fat or oil).—The material is treated in a 
Soxhlet extractor with ether or light petroleum 
for 3-4 hours, and if necessary dried, ground 
finely with sand, and re-extracted for a further 
period of 1 hour. The solvent is evaporated 
and the oil dried at 100°. 

3. Crude Protein (total nitrogen X 6*26).-- 
Total nitrogen is determined by some modifica¬ 
tion of the Kjeldahl method. 

4. Crude Fibre. —About 2 g. of the dry 
material, previously extracted with light 
petroleum, is placed in a conical litre flask, 200 
ml. of hot 1*25% sulphuric acid is added and 
brought to the boil within 1 minute. Boiling 
is continued gently for exactly 30 minutes, the 
original volume being maintained and the flask 
being rotated every few minutes. The contents 
of the fla.sk are then poured into hot water in a 
Buchner funnel in which a filter paper is 
supported by a piece of cotton cloth. Mltration 
must be effected within 10 minutes. The 
residue is washed free from acid with hot water, 
and washed back into the conical flask with 
200 ml. of hot 1*25% sodium hydroxide. The 
contents of the flask are again boiled gently for 
30 minutes and filtered through filter paper or 
cloth. The residue is washed thoroughly with 
hot water and dilute acid, and again with water 
till free from acid. It may then be transferred 
to an ash less filter paper after further washing 
wdth alcohol and ether, and dried to constant 
weight. The ash may be determined by in¬ 
cineration and deducted from the weight of the 
fibre. This correction is often omitted, 

5. Ash. —The ash content is determined by 
incineration at a dull red heat preferably in a 
muffle furnace. 

The sum of the analyses, ash, crude fibre, 
crude protein, and ether-soluble constituents 
is commonly far from 100, and the difference 
is accordingly taken and described as “ soluble 
carbohydrates ” or “ nitrogen-free extractives.” 
This fraction frequently amounts to 60% or 
more of the material. A partition of the nitro¬ 
genous constituents is sometimes introduced, 

“ true protein ” or “ pure protein ” being that 
fraction precipitated by a protein precipitant 
such as copper acetate or metaphosphoric acid. 
The difference between crude protein and 
true protein is sometimes expressed as 
“ amides.” 

Analyses of some of the principal crops, other 
than cereals {q.v.), grown in Great Bntain are 
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given in Table I. It should be emphasised according to age, variety, season, and soil 
that the composition may vary considerably conditions. 


Table L 

Proximate CoMrosmoN of Crops.^ 


Crop. 

l>ry 

matter. 

Ether- 

solublr. 

Crude 

protein. 

CriKlo 

fibre. 

Soluble 

carbo- 

bydratcH. 

Ash. 

Root Crops — 







Potatoes. 

25-0 

01 

21 

0-7 

21-0 

M 

Mangolds. 

12*6 

01 

1-3 

1-0 

8-9 

11 

Sugar beet. 

23-4 

O-l 

M 

M 

20-4 

0-7 

Swedes. 

12*2 

0-2 

1-5 

1-3 

8-2 

0-9 

Turnips. 

9*2 

0-2 

1-2 

M 

5-9 

0-8 

Carrots. 

13-2 

0-3 

1-2 

1-5 

9-2 

1*0 

Parsnips. 

160 

0-3 

1-3 

1-2 

11-3 

0-9 

Potato haulms. 

230 

1-0 

2-5 

6-2 

10-2 

3*1 

Mangold leave.s. 

110 

0*4 

2-4 

1-6 

4-6 

2*0 

Sugar beet tops. 

16-2 

0*5 

2-0 

1-6 

8-7 

3-4 

7'urnip leaves. 

11-6 

0-5 

2-2 

1-6 

6-3 

2-1 

Legumes — 







Clover (green). 

18*5 

0-8 

44 

4-3 

6-9 

2-1 

Lucerne (green). 

240 

0-4 

4-1 

7-2 

9-9 

2-4 

Sainfoin (green). 

200 

0-6 

3-5 

6-9 

7-8 

1-2 

Tares (green). 

17-6 

0-5 

3-2 

6-1 

7-2 

1-5 

Field beans (grain). 

86-6 

1-7 

26-3 

8-1 

48-3 

3-1 

Field beans (straw). 

81-6 

1-1 

81 

360 

31-0 

6-4 

Field peas (grain). 

86-1 

1-9 

23-1 

6-7 

52-7 

2-7 

Field peas (straw). 

86-3 

1-6 

9-0 

35-5 

33-7 

6-6 

Soya beans (grain). 

89-2 

16-9 

33-9 

4-8 

28-9 

4-7 

Soya hay. 

91-6 

3-8 

15-8 

24-3 

38-8 

8*9 

Clover hay. 

83*5 

2-9 

13-5 

24-0 

37-1 

6-0 

Lucerne hay. 

83-5 

2-6 

14-2 

29-6 

29-2 

8-0 

Sainfoin hay. 

83-5 

2-6 

13-2 

28-0 

32-5 

7-3 

Other Crops — 




1 



Kale, thousand-head .... 

15-8 

0-4 

2-2 

31 

8-4 

1-7 

Kale, marrow-stem. 

140 

0-5 

2-2 

2-5 

6-9 

1-9 

Mustard. 

14-9 

0-4 

2-9 

2-9 

7-3 

1-4 

Cabbage . 

110 

0-4 

1-5 

2-0 

5-9 

1-2 

Grasses — 







Rye grass (perennial) .... 

24-8 

0-7 

2-9 

7-1 

11-5 

2-6 

Pasture grass. 

20-0 

M 

5-3 

2-6 

8-9 

2-1 

Meadow hay. 

85-7 

2-6 

9-7 

26-3 

41-0 

6-2 

Meadow hay (aftermath) . 

85*2 

3-4 

11-6 

22-6 

39-3 

8-6 


^ Some analyses have been taken from “ llations for Livestock,” Min. of Agrlc. Bull. 48. 


This system of analysis is more satisfactory 
when applied to root crops than to mature 
materials such as hay. The carbohydrate con¬ 
stituents appear in the two groups “ crude 
fibre ” and “ soluble carbohydrates,” the latter 
consisting of any non-nitrogenous material which 
is soluble in or hydrolysed by hot 1-25% alkali 
and acid. The crude fibre residue is composed 
almost exclusively of cellulose, but even so only 
represents 70-80% of the cellulose of the tissue. 
It may be accompanied by a small but variable 
proportion of the lignin. The major part of the 
lignin passes into solution in the hot dilute 
alkali and is therefore included as a “ soluble 
carbohydrate.” For this reason analyses of a 
maturing material do not reveal the extent of the ^ 
changes undergone on lignification, since the j 
crude fibre ” figure only increases in propor-1 


' tion to the increase in cellulose, and contains no 
estimate of the lignin which may so profoundly 
affect digestibility. While the “ soluble carbo¬ 
hydrate ” fraction of root crops and starchy 
grains is more or less accurately so described, 
that of maturor materials is misleading in that it 
includes lignin and polyuronide hemiceUuloses 
which are structural constituents associated with 
the “ fibre.” 

The nitrogenous constituents commonly 
expressed as crude protein are not all in that 
condition, and frequently only 60-80% may be 
precipitated by protein precipitants. The 
remainder may occur in a number of simpler 
forms such as peptones, amino-acids, amides, 
and even nitrate in small amounts. Asparagine 
has been found in a number of plants and is 
believed to play an important part in meta- 
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bolism. The magnitude of the error caused by 
calculation of the total nitrogen as crude protein 
is not great. 

Root Chops. —The chief differences between 
the various roots are in the nature and pro¬ 
portions of the carbohydrate reserves stored 
therein. In potatoes the characteristic carbo¬ 
hydrate is, of course, starch, which is deposited 
in the cells as granules with a banded structure. 
Approximations to the starch content of potatoes 
may be made from the specific gravity of the 
tuber. The amount usually stated to be present 
is in the neighbourhood of 20% of the fresh 
weight, though direct determinations of starch 
usually give a slightly lower figure of 70-75% 
on the dry weight. A small amount of sugar 
may also be present normally, and this may be 
increased if the potatoes have been subjected to a 
low temperature in storage. In sugar beet, 
mangolds, swedes and turnips the chief simple 
carbohydrate is sucrose, stored in the root, the 
amounts usually found descending in the order 
named. The concentration of sucrose in the 
sugar beet is very high, though variable. An 
average figure appears to be about 18% of the 
fresh weight. Concentrations as high as 21-22% 
have been found. The sucrose is always accom¬ 
panied by a certain amount of reducing sugar. 
Traces of rafiinoso may be present and may 
accumulate in beet sugar molasses {v. Bket). 

The leaves of the sugar beet are lower in 
sucrose than the root but may contain much 
higher amounts of reducing sugars. Analysis 
of the whole plant, and leaves and roots 
separately have been given by Knowles, Watkin, 
and Hendry, J, Agric. Sci. 1934, 24, 368: 


Dry matter . . . . 

Whole 

plant. 

20-26 

Leaves. 

14-21 

Roots. 

25-10 

On dry basis. 

Ash. 

8-60 

21-00 

2-99 

Total sugars as sucrose . 

53-68 

14-57 

71-40 

Sucrose. 

48-95 

3-23 

69-63 

Reducing sugars . 

4-73 

11-34 

1-77 


Mangolds also contain considerable quantities 
of sucrose, but not at such a high concentration, 
6-8% sucrose is commonly found. The dry 
matter of mangolds (10-13%) is much lower 
than that of sugar beet, so that on the basis of 
dry matter the difference between sugar beet and 
mangolds is not great. The yield of mangold 
roots per acre is more than twice that of sugar 
beet, but nevertheless, the sugar beet as the 
more concentrated source has the advantage. 
The leaf/root ratios of these two crops are 
entirely different. One part of top makes on the 
average 0*75 parts of root of the sugar beet, and 
6 parts of root of mangolds. Swedes and turnips 
contain less sucrose, 4-5% having been recorded. 

It should be mentioned that the cell-wall of 
these roots contains pectin in amounts higher 
than is met with in most other tissues except 
certain fruits. Pectin from the sugar beet par¬ 
ticularly has been the subject of investigation by 
Ehrlich (Ehrlich and von Sommerfeld, Biochem. 
Z. 1926, 168, 263; Ehrlich and Schubert, 
Ber. 1929, 62, [B], 1974). The nitrogenous con¬ 
stituents of root crops have not been extensively 


investigated, the most recent report being that 
of Davies on mangolds (J. Agric. Sci. 1926, 16, 
293). 

Legumes. —The importance of leguminous 
crops lies in their high protein content, and in a 
number of cases the proteins have been frac¬ 
tionated and constituent amino-acids deter¬ 
mined {v. Osborne and collaborators, J. Amer. 
Chom. Soc. 1890-1903, and later in J. Biol. 
Chem.; also Davies, J. Agric. Sci. 1926, 16, 
280). Detailed analyses have been made of 
lucerne at various stages of growth and intervals 
of cutting (Graber, Wis. Agric. Expt. Sta. Res. 
Bull. 80, 1927). Separate analyses of leaf and 
stem have been carried out by Woodman 
(Woodman and Eden, J. Agric. Sci. 1935, 25, 
578) and expressed on the dry basis : 



Y oung 

Young 

Mature 

Mature 


leaf. 

stem. 

leaf. 

stem. 

Ash ... . 

12-26 

9-78 

13-94 

7-03 

Ether-soluble 

3-43 

1-20 

3-01 

1-03 

Crude protein 

30-13 

16-97 

23-48 

9-44 

Crude fibre 

12-99 

30-77 

13-39 

44-36 

Soluble carbo¬ 





hydrates 

41-19 

41-28 

46-18 

38-14 


The nature of the fraction described as soluble 
carbohydrates has not been examined, but it is 
probably composed to a considerable extent of 
hemiceUulosos and lignin together with about 
10% starch. The leguminous seeds also 
contain starch, the granules being of charac¬ 
teristic size and shape. Soya beans are unusual 
in containing up to 20% oil, which has found 
commercial uses. The ash of leguminous plants 
(other than seeds) is usually distinctly high in 
calcium, as will be seen in Table II. 

Other Cbots. —Because of its increasing use 
as a winter feed kale has been the subject of 
investigation by Woodman (Woodman, Evans 
and Eden, J. Agric. Sci. 1936, 26, 212). The 
compositions of the two leading varieties, marrow- 
stem and thousand-head, are very similar : 

Marrow- Thousand- 


Ash. 


stem. 

11-49 

head. 

11-27 

Ether-soluble 


2-81 

2-56 

Crude protein 


14-64 

15-81 

Crude fibre . 


18-34 

21-29 

Soluble carbohydrates 


62-72 

49-07 

Separate analyses of the leaf. 

marrow. 

and rind 

have been made in the case 

of marrow-stem 

kale: 

Leaf. 

Marrow. 

Rind. 

Ash. 

14-86 

15-19 

7-06 

Ether-soluble 

3-33 

1-34 

0-81 

Crude protein. 

13-87 

12-03 

7-72 

Crude fibre 

12-45 

13-06 

29-08 

Soluble carbohydrates 

65-49 

68-38 

66-34 


The marrow of the kale stem is rich in sugar, the 
major part being in the form of reducing sugars, 
not as sucrose: 

Marrow-stem kale. Thousand-head kale. 

Oct. 14. Jan. 24. Nov. 20. Feb. 14. 
Total sugars . 54-37 46-53 47-67 43-91 

Reducing 

sugars . . 60-32 21-85 29-90 29-24 

Sucrose . . 4-05 23-68 17-67 14-67 
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Grasses. —The composition of grass varies 
widely according to the species, age and 
manurial conditions. Young spring growth is 
higher in protein than summer growth, unless 
nitrogenous fertilisers are applied. Aftermath 
may generally be taken as containing more 
fibre than spring growth of a similar mtrogen 
content. Analyses of the nitrogenous constitu¬ 
ents of grasses have been made by Chibnall 
and Miller, J, Biol. Chem. 1931, 90, 189; 
Greenhill, Biochem. J. 1936, 30, 412). The 
latter found the proportion of the total nitrogen 
present as true protein to be more or less 
steady in intensively grazed pasture grass, the 
value being usually between 85% and 90% 
and rarely below 80%. Abnormally high 
proportions of non-protein nitrogen have 
occasionally been observed and have been 
believed to bo the cause of digestive disturbances 
in stock. 

The figure for soluble carbohydrates in grasses 
and hays is commonly 40-50%, but this is due 
largely to the deficiencies of the system of 


analysis, as mentioned earlier. Small amounts 
of fructosans have been reported in grasses, 
and amounts up to 30% have been found in 
young rye grass, disappearing as maturity is 
approached (Norman, Biochem. J. 1936, 30, 
1354). Detailed analyses of many grasses have 
been made by Fagan (Welsh Plant Breeding 
Station, Bull. Series H, No. 3, 1924; No. 9, 
1926-27), by Woodman, and by S. J. Watson 
(J. Agric. Sci. 1928-1936). 

Asn OF Crops. —The mineral constituents of 
crops have acquired a new importance in view of 
advances in animal nutrition and the recognition 
of the r61e of minor elements in development and 
maintenance of condition. Aspects of this 
question are dealt with by Sir John Orr 
(“Minerals in Pastures,” 1929). The composition 
of the ash was originally studied as a result of the 
view that the fertiliser requirements of the plant 
could best be determined by a knowledge of the 
constituents taken away from the soil by that 
particular crop. Some ash analyses are given 
in Table II. 


Table II. 

Composition of the Ash of some Crops. 



Ash on 



As 

% of ash. 




basis. 

' CaO 

KgO 

NagO 

MgO 

P 2 O 5 

Cl 

S 1 O 2 ' 

Potatoes . 

3-99 

1*53 

58*27 

0*06 

3*48 

12*86 

7*27 

0*58 

Mangolds. 

6-70 

3*58 

35*90 

19*34 

2*13 

9*34 

3*87 

0*97 

Sugar beet. 

2-99 

15*39 

27*42 

— 

— 

18*40 

4*02 

4*02 

Swedes. 

5-58 

12*12 

39*17 

5*24 

3*02 

9*83 

2*48 

0*72 

Clover . 

8-15 

37*37 

13*10 

0*58 

5*10 

3*75 

2*26 

0*54 

Lucerne (leaf). 

13*94 

40*10 

15*35 

0*50 

— 

4*52 

3*59 

0*86 

Lucerne (stem). 

7*03 

25*46 

33*01 

0*57 


6*69 

5*12 

1*28 

Beans (grain). 

3*27 

5*60 

40*58 

2*12 

6*61 

30*69 

2*43 

0*41 

Beans (straw). 

5*80 

28*39 i 

8*07 

14*57 

3*12 

2*31 

2*49 

3*08 

Peas (grain). 

2*53 

5*74 

44*31 

0*39 

8*97 

29*30 

0*45 

0*37 

Peas (straws). 

6*87 

40*34 

11*78: 

9*90 

8*30 

8*26 

3*84 

10*66 

Lucerne hay. 

Kale, thousand-head. 

11*27 

21*22 

34*44 

1*24 

3*91 

8*78 

9*85 

0*27 

Kale, marrow-stem. 

11*49 

21*32 

33*85 

2*26 

3*39 

7*83 

11*23 

0*87 

Rye grass. 

9*59 

8*02 

— 

— 

_ 

6*77 

6*77 

45*45 

Pasture grass. 

9*03 

8*71 

35*40 

5*13 

— 

8*64 

9*62 

21*70 


Other Methods of Analysis.— The system 
of analyses of organic constituents described 
above is official in the sense that the evaluation 
of feeding-stuffs is based upon it. There is, 
however, a distinct movement towards analyses 
which determine as closely as possible each 
important constituent instead of indefinite 


fractions. A proximate system was proposed by 
Waksman and Stevens (Ind. Eng. Chem. [Anal.], 
1930, 2, 167), which, w'hile not perfect, is 
a considerable advance. This procedure tends 
to over-estimate the hemicelluloses at the 
expense of the cedlulose. Examples of analyses 
by this system are given in Table III. 


Table III. 


Proximate Composition of Some Plant Materials (Waksman and Stevens). 



Maize stalks. 

Lucerne. 

Timothy hay. 

Oak leaves. 

Ether and alcohol soluble fraction 

3*42 

10*41 

2*90 

9*93 

Hot water soluble fraction .... 

28*27 

17*24 

16*92 

10*26 

Hemicelluloses. 

20*38 

8*52 

22*07 

15*62 

Cellulose. 

23*05 

26*71 

26*09 

17*18 

Lignin. 

9*68 

10*78 

1 16*21 

29*66 

Crude protein. 

2-61 

8*13 

3*25 

3 47 

Ash. 

7*40 

10*30 

5*68 

4*68 


VoL. 111.-28 
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Figures for cellulose and lignin contents would 
frequently be of value in considering the com¬ 
position of crops and particularly in following 
developmental changes which are very imper¬ 
fectly reflected in simple crude fibre determina¬ 
tions. Detailed studies of this nature have been 
carried out on a variety of materials (Norman 
J. Agric. Sci. 1933, 23, 216; Buston, Biochem. 
J. 1934, 28, 1028; Phillips and Goss, J. Agric. 
Res. 1935, 51, 301; Norman, Biochem. J. 1936, 
80, 1364). Although, of the structural con¬ 
stituents, cellulose and lignin may bo determined 
with some degree of accuracy, the same cannot 
yet bo said of the heinicelluloses. A laborious 
procedure of direct extraction and weighing has 
been suggested (Preece, Biochem. J. 1931, 25, 
1304), and used on grasses and leaves (Buston, 
Biochem, J. 1935, 29, 196), but a more ex¬ 
peditious and accurate method of determining 
this important group of polysaccharides is 
required, 

A. G. N, 

CROTALIN>C V. Blood Anticoagulants. 

CROTINE V. Croton Oil. 

CROTON OIL {Oleum crotoyiiSy Oleum tiglii 
of the Pharmacopoeias; Fr. huile de petiis 
pignons d'Inde) is obtained from the seeds 
of the shrub or small tree Croton Tiglium L. 
(Fam. Euphorbiacese), which is indigenous to 
S. India and Ceylon but found in cultivation in 
other tropical regions of S. Asia and Oceania. 

The oil, which amounts to about 39-45% 
of the whole seed (equivalent to 43-63% of the 
kernel) is recovered commercially by expression 
or by extraction with solvents (alcohol, ether, 
etc.) from the shelled or unshelled seeds accord¬ 
ing to the requirements of the various national 
Pharmacopoeias^: the colour of the oil, its 
physiological activity, and its solubility in 
alcohol (which depends chiefly on the content of 
free fatty acids) depend on the method employed 
for its extraction. 

Both seeds and oil should be handled with 
extreme caution, as they not only possess 
dangerous toxic and purgative properties when 
taken internally, but also display a serious 
vesicating action when applied externally to the 
skin (distinction from Curcas Oil, q.v.). 
(According to Cherbuliez, the purgative effect 
may also follow the application of the oil to the 
skin.) 

In addition to the vesicant and purgative 
principles, which pass into the expressed or 
extracted oil, the seed kernels also contain two 
toxalbumins— crotonglobulin and croton- 
alb u m i n —(which w ere formerly classed together 
under the name “ crotine ” {see Stillmark, 
Arb. Pharmak. Inst. Dorpat, 1889; Elfstrand, 
Habil.-schrift, Upsala, 1898; Kobert, Landw. 
Versuchs-Stat. 1913, 79-80, 97)), sucrose and 
glycose glycosides, and about 1-4% of a glyco¬ 
side, crotonoside, which has been identified as 
the d-riboside of 2-hydroxy-6-amino-purino {iso- 
guanine), and which (in small doses at least) 

^ Descriptions of Oleum crotonis {Oleum Tiglii)y 
which appeared in former editions have been omitted 
from the most recent revisions of the British (1932), 
United States (1936), and Dutch (1926) Pharma¬ 
copoeias : liniments containing croton oil still appear 
In the B.P.C. 


has no harmful physiological action (CJherbuliez 
and Bernhard, Helv. Chim. Acta, 1932, 16, 464, 
856, 978). 

Croton oil is used to a limited extent as a 
drastic cathartic (usually in admixture with 
castor oil or other diluent), and more frequently 
as a constituent of rubefiant liniments, etc., in 
cases of pneumonia, sciatica, etc. 

The vesicating action of the seeds and oil is 
associated with an amorphous material, termed 
“ Naturgiftstoft* ” by Flaschentrhger (Bohm 
and Flaschentrager, Arch. exp. Path. Pharm. 
1930, 157, 115; Z.c., infra) and “ R^sine de 
croton *’ by Cherbuliez, Ehninger, and Bernhard 
(Helv. Chim. Acta, 1932, 15, 658), which can be 
extracted by purely physical methods (extrac¬ 
tion with methanol) from croton oil, or in some¬ 
what higher yield (c. 1-3%) from the seeds 
themselves. This material varies in its pro¬ 
perties according to the manipulation employed 
for its recovery, and appears to consist of a 
complex mixed unsaturated ester (or mixture of 
esters) containing some free hydi'oxyl (phenolic ?) 
groups : it is extremely sensitive to alcoholysis, 
especially in the presence of alkalis, and it is 
almost certain that the glassy, toxic croton 
resin, recovered by even such mild methods as 
w^ere used by Dunstan and Boole (Proc. Roy. Soc. 
1895, 68, 238), Bohm (1915, Lc., infra), and 
other early investigators represented a product 
of the partial decomposition or modification 
of the original natural toxin. Croton resin, 
like the “ Naturgiftstoff ” from which it is 
derived, displays the toxic and vesicating 
properties of the oil to an enhanced degree, 
but is very easily saponified by alkalis {see 
Dunstan and Boole, lx.; Flaschentrkger, G.P. 
638004, and Z.c., infra^), yielding a complex 
mixture of physiologically inactive products; 
these include a crystalline tricyclic phenolic com¬ 
pound, phorbol (C 20 H 28 O 6 ?), containing five 
hydroxyl groups and three unsaturated linkings, 
and about 32-35% of a complicated mixture of 
fatty acids, among which formic, acetic, iso- 
butyric, tiglic, caprylic, capric, lauric, myristic, 
palmitic, oleic and linohc acids have been 
identified (Bohm, Arch, exp. Path. Pharm, 
1915, 79, 138; Spies, J. Amer. Chem. Soc. 1936, 
57, 180; J. Org. Chem. 1937, 2, 62); higher 
saturated acids and more unsaturated acids 
appear to be absent. 

Little is known concerning the cause of the 
purgative action of the oil, which would appear 
to be attributable to some factor other than 
the croton resin, since Cherbuliez finds that 
croton oil, from which the bulk of the toxic 
resin has been extracted, still retains its cathartic 
activity. The “ crotonoleicacid of Buchheim 
(Wagners Arch. Heilk. 1872, 18, 1, 20; 1873, 
14, 1), and of Kobert (Chem.-Ztg. 1890,14, 666) 
has been shown by Dunstan and Boole to 
have been an impure mixture of croton resin and 
fatty acids. Both croton oil and croton resin 

* Phorbol and the product of its benzoylation are 
phyBiologically inactive, but the (? tetra-)acetate is 
highly toxic; on treatment with sulphuric acid, 
phorbol yields the ketone crotophorbolone, 
(Flaschentrftgcr and von Falkenhausen, Annalen, 1934, 
514 , 252; Bohm, Flaschentrftger, and Lendle, Arch, 
exp. Path. Pharm. 1936, 177 , 212; on further alkaline 
hydrolysis of phorbol, phenolic (enoUc) deriyatives 
are obtained. 
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lose their specific physiological action upon 
hydrogenation. 

The following analysis of croton oil by 
Flaschentrftger and von WolffersdorfF (Helv. 
Chim. Acta, 1934, 17, 1444; cf. Schmidt and 
Berendes, Annalen, 1877, 191, 94) indicates 
roughly the quantitative composition of the oil 
(the “ percentages ” are only approximate, since 
the item of “ loss ” amounts nearly to 14%): 
“ Naturgiftstoff ” (toxic resin) 3-4% (the 
combined acids present in this fraction are not 
included in the subsequent figures); oleic acid 
37%; linolic acid, 19%; arachidic acid, 1*5%; 
stearic acid, 0-3%; palmitic acid, 0*9%; 
myristic acid, 7-5%; lauric, tiglic, valeric and 
butyric acids, each in traces less than 0*05%; 
acetic acid, 0*6% ; formic acid, 0-8% ; acids in¬ 
soluble in light petroleum 6-9%; “ undetermined 
acids,” 0*6%; glycerol, 7*2%; unsaponifiable 
matter (including a sterol, m.p. 131°C.) 0*25%; 
loss 13*8%. As the whole of the “ Naturgift- 
stoff ” was not removed from the oil by the 
method employed, the results of the analysis 
are not inconsistent with the opinion of Bohm 
that all the lower (volatile) fatty acids, including 
the stable solid, unsaturated tiglic acid 
(CH 3 CH:C(CH 3 ) C00H; m.p. 64*5°C., iso-j 
meric with angelic acid), are associated with the 
vesicant principle, and do not form any part 
of the glycerides constituting the true fatty oil 
of the seed. Adriaens (Congo, Doc. 1934) 
reports 89-90% of insoluble fatty acids in 
croton oil, of which 9*5-10*5% are stated to con¬ 
sist of saturated, and 89*5-90*5% of unsaturated 
acids. As much as 0*6% of tiglic acid has been 
isolated from crude croton oil (Geuther and 
Frohlich, Z. Chem. 1870, N.F. 6, 549, 576). 

Croton oil is strongly dextrorotatory, 
+5® to -h9®; owing to its remark¬ 
able composition, which differs widely from 
that of all other oils, its recognition by means 
of the ordinary quantitative reactions is not 
difficult: the following figures illustrate the 
usual ranges : m.p. —7° to — 16®C., sp.gr.^® 
0*9320-0*9501; 1*4734-1*481; acid val. 2-65; 

saponification value 200-215; iodine value (Wijs) 
102-116; Reichert-Meissl value 12-13*6 (Lewko- 
witsch), 6*4-8*4 (Adriaens); Polenske value 1*3 
(Adriaens); true acetyl value 19*8-32*7 (Lewko- 
witsch), 6*6-11 (Adriaens). In admixture with 
other vegetable oils, croton oil may be detected 
by the characteristic reddish ring which appears 
at the junction of the liquids when a solution 
of the oil in two volumes of absolute alcohol is 
poured on to a concentrated solution of potassium 
or sodium hydroxide (Comte, J. Pharm. Chim. 
1916, [vii], 14, 38; the reaction is due to the 
toxic resin). 

The oil obtained from the seeds of an allied 
E. Afri<;an plant, Croton megalocarpus Hutch 
{=C. EUiottianus Pax and Eng.),^ and known in 
pharmacy as Oleum crotonis EUiottianus or 
01. Elliott., has a comparatively non-irritant 
purgative action, and does not appear to contain 
any vesicating constituent; the characteristics 

^ Owing to a confualon In the nomenclature, the 
seeds and oil discussed in the pa^rs quoted were 
incorrectly described as from (f. JSlliotianus Ball!., 
which Is a related Madagascan species (Priv. comm, 
from Imperial Institute, 1937). 


of the oil, viz. sp.gr.^® 0-926-0*927, saponifica¬ 
tion value 188*5-201*5, iodine value 138*6- 
147*6, insoluble fatty acids 94—94*8%—also differ 
considerably from those of croton oil {cf. Bull. 
Imp. Inst. 1907, 6, 237; 1915, 13, 39; 1923, 
21. 206; Cash and Dilling, J. Pharm. Exp. 
Thorap. 1914, 6, 235 ; Martindale and Westcott, 
Extra-Pharmacopoeia). 

E. L. 

CROTON RESIN v. Cboton Oil. 

CROTON ALBUM IN v. Cboton Oil. 

CROTONGLOBULIN v. Cboton Oil. 

CROTON ITRI LE Allyl. 

CROTONOLEIC ACID v. Cboton Oil. 

CROTONOSIDE v. Cboton Oil. 

CROTONYLENE v. Acetylenes. 

CROTOPHORBOLON E v. Cboton Oil. 

CROWBERRY {Empetrum nigrum). The 
leaves of the crow berry contain a wax composed 
of ceryl cerotate, benzoic acid, ursone, tannin, 
dextrose, and probably rutin. The anhydrous 
ursone, CioHjgO, is identical with that obtained 
from the leaves of Cva Ursi. Empetrum nigrum 
contains no alkaloids or andromedotoxins or 
glucosides decomposed by emulsin (van Itallie, 
Pharm. Weekblad, 1918,*55, 709). 

CRUCIBLES. Crucibles may be described 
as hollow vessels constructed of material which 
can resist the action of heat and chemical attack 
and possess mechanical strength at high 
temperatures. This description takes no 
account of size and thus embraces types ranging 
from small laboratory utensils to industrial 
plant; and crucibles which will give satisfactory 
results in service are some of the moat difficult 
refractory articles to produce. The require¬ 
ments of a good crucible may bo briefiy outlined 
under the following heads : 

Mechanical. —Crucibles must be sufficiently 
strong to resist, without bulging, the pressure 
of the molten material they contain. In many 
cases, for example, the casting of metals, alloys 
and glass, they must be rigid at high tempera¬ 
tures, so that they can be lifted and handled by 
tongs, or some gripping device, without failure. 
The requisite strength can be secured by using, 
say, a suitable clay, such as those from Stour¬ 
bridge, Derbyshire, Klingenborg and certain 
localities in France and Belgium; by correct 
grading and proportioning of the grog and 
admixed materials, by avoidance of cracks and 
strains during manufacture, by careful firing, 
and by attention to shape and design. As a 
rule, attempts to increase mechanical strength 
by incorporating fibrous material, such as 
asbestos, in the w all, or by binding the wall with 
metal hoops, have not been successful. 

Physical. —Texture, a property which can be 
controlled by the grading of the component 
materials, must bo selected according to the 
purpose for which the crucible is to be used. A 
close interlocking texture is essential for 
mechanical strength, for preventing permeation 
by molten material, and is generally stated to 
favour heat conductivity. In using crucibles 
for casting, however, they are often completely 
removed from the furnace and thus subjected 
to an abrupt change of temperature which 
renders them liable to fracture. In the case of 
clay materials, resistance to this is secured by the 
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us© of a relatively large proportion of coarse grog 
(possibly 30 to 60% of a grade retained on an 
J-in. sieve). Such an admixture, coupled with 
exclusion of finer and intermediate grades, 
increases the porosity and the tendency to 
penetration, so that in this, as in many other 
points, a compromise must be struck. Compared 
with metals, the heat conductivity of refractory 
materials is low, though in crucibles in most 
cases the opposite quality would be a great 
advantage and it is largely for this reason that 
graphite and carborundum have been used 
extensively. 

Chemical. —The main chemical considera¬ 
tions are the relation of chemical composition to 
refractoriness and to the resistance to the attack 
of molten metals, slags, etc. The refractoriness 
depends not only upon the low content of 
fluxes, such as alkalis, iron compounds, etc., 
but also on the ratio of the more infusible 
oxides to one another. For example, the 
addition of silica to some clays may reduce 
the refractoriness of the mixture. Occasionally, 
on the other hand, a small amount of somewhat 
fusible material is added to favour vitrification 
and thus diminish the risk of permeation of a 
crucible, R. H. Stone (J. Amer. Ceram. Soc. 
1933, 16, 96-101) considers that the presence of, 
a certain amount of flux (felspar) in the Klingen- 
berg clay accounts for its suitability for graphite 
crucibles. Apart from chemical composition, j 
the temperature at which a crucible begins to j 
soften or melt is influenced by other factors, such 
as grain size, the finer grains appearing to be I 
more fusible, and by the character of the atmo¬ 
sphere in which they are heated, a reducing 
atmosphere generally tending to lower the 
refractoriness. 

Resistance of the inside of a crucible to 
chemical attack by molten metals, slags, salts, 
etc., is obviously a very complex and wide 
question. The general principle of using an 
acid (silicious) refractory in contact with an acid 
material, and a basic (aluminous, magnesian) 
with a basic, holds good. In many cases, 
however, crucibles are composed largely of 
neutral refractories, such as graphite and car¬ 
borundum, that is to say, those which do not 
tend to combine with either acid or basic material, 
a fact which limits the range of attack to some 
extent. In addition to the selection of a suitable 
crucible for a particular purpose, on the lines 
just indicated, increased protection is often 
provided by lining the crucible with a layer of 
some specially resistant material. Assuming 
that the layer adheres satisfactorily, this pro¬ 
cedure has the advantages that specific resistance 
to individual forms of chemical attack is provided 
and the inherent properties of the crucible, such 
as a coarse texture, can be retained and con¬ 
sequent permeation of the wall restricted, by 
developing a dense and compact layer on the 
inside. The following quotation from Percy 
(**Metallurgy,** 1876, p. 141) is of interest: 
“ Lining or Brasquing Crucibles with other than 
Carbonaceous Matter,’* Berthier (Trait4 des 
Essais, Paris, 1834, i, 83) states that he has 
occasionally lined crucibles with silica, alumina, 
magnesia or chalk, previously moistened withj 
water, so as to make them sufficiently cohesive, ’ 


and that a thin lining of chalk renders earthen 
crucibles less permeable to molten b’tharge.** 
From this it appears that at that time the advan¬ 
tages of a carbonaceous lining were recognised, 
but that other materials could be used in special 
cases. The term “ earthen crucibles ” was 
applied to what would nowadays be described as 
“ clay crucibles.” Also, the mention of molten 
litharge suggests some points with regard to the 
destruction of crucibles by molten material. 
Many metals have little effect, but various salts 
and slags either permeate the wall or exert a 
definite solvent action on it. In this connection 
reference may be made to the section on slags 
in Percy’s “ Metallurgy ” (pp. 46-86), in which 
the action on clay crucibles, of slags of varying 
I composition, is specifically described in several 
cases. From a large number of suggestions, the 
following are mentioned as illustrations. For 
crucibles made of refractory clay and sand for 
metallurgical use, Queneau claimed the use of 
linings of refractory clay mixed with a substance 
capable of resisting the chemical operations con¬ 
cerned, and firmly compressing the lining before 
firing (F.P. 354319, 1905; J.S.C.I. 1906, 24, 
1071). For aluminium alloys, Frary claims a 
lining of finely ground alumina, bonded with 
sodium sibcate (IJ.S.P. 1572475; J.S.C.I. 1926, 
45, 330). For the “ Thermit ” process, Gold¬ 
schmidt recommended lining crucibles with a 
mixture of soluble glass with magnesia and 
corundum (F.P. 354597; J.S.C.I. 1905, 24, 
1114). Deppeler claims to make the thickness 
of the crucible wall sufficient to remove so much 
heat of the reaction that a thin layer of slag 
is formed on the inner surface as soon as 
reaction begins (U.S.P. 1530395; J.S.C.I. 1926, 
44, 408). Crucibles may be rendered non- 
porous by treating with ferrous sulphate 
solution and firing (Mitchell, U.S.P. 894845; 
J.S.C.I. 1908, 27, 886). Sat6 suggests soaking 
alumina crucibles (for a Tammann furnace) 
in an aqueous solution of aluminium chloride 
and heating to above 345°C., the tempera¬ 
ture of decomposition of the salt (B. 1935, 
804). The fracture of crucibles by expansion 
of solidifying metal can be prevented by 
lining with friable material (Colby, U.S.P. 
830208; J.S.C.I. 1906, 25, 934). For preparing 
fused quartz, Keyes suggests lining a carbon 
crucible with a paste of sodium tungstate and an 
appropriate binder; the paste is spread over the 
inner surface of the crucible which is then 
ignited in order to harden the lining, and this is 
treated with a burnishing tool or roller to give it 
a firm and compact surface (U.S.P. 1249637; 
J.S.C.I. 1918, 87, 89A). 

Classification, Composition and Manu¬ 
facture OF Crucibles. —The following simple 
classification, which is adequate for most 
purposes, arranges crucibles under the heads : 

Clay Crucibles. 

Carbonaceous Crucibles. 

Crucibles of Miscellaneous Materials. 

Clay Crucibles are probably the oldest and have 
been used very largely for the melting of 
metals, alloys and glass. The chief varieties are 
known under special names which are still 
retained, and the following descriptions, taken 
mainly from Percy’s “ Metallurgy,” may be 
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quoted. The clays generally used in this 
country are certain varieties from Stourbridge, 
Stannington and Derby {v. infra). A mixture of 
raw ground clay and about half its weight of 
graded grog, made from old glass-house pots 
from which all adherent glass has been removed, 
is used. The smaller crucibles are fired in a kiln, 
but the large casting pots are baked immediately 
before use, and very hard-baked crucibles are 
more liable to fracture on reheating. A very 
plastic clay, such as Dorset ball clay, which 
enables a largo amount of grog to be incor¬ 
porated, is sometimes substituted for a part or 
even the whole of the pot clay. 

Cornish Crucibles^ largely used for copper 
assaying are, according to Searle, composed of 
1 part of Toignmouth ball clay, 1 part of Poole 
ball clay, and 2 parts of St. Agnes’ Beacon Sand. 
They can bo heated suddenly, but are not 
refractory enough for melting steel. Crucibles 
of this name are now made by the Morgan 
Crucible Company of Battersea. 

London Crucibles are round in shape, line 
grained, withstand the action of litharge fairly 
w'oll, but do not stand sudden changes of 
temperature. The name refers actually to the 
shape rather than the composition or place of 
manufacture. 

White Fluxing Pots, also made by the Morgan 
Crucible Company, from a highly refractory 
fireclay from Rouen, have a very smooth sur¬ 
face, resist the action of fluxes well, but crack 
with sudden changes of temperature. 

Hessian Crucibles, largely used for melting 
precious metals and chemicals, are triangular in 
cross-section and are of varying sizes which fit 
into one another to form a “ nest.” They are 
somewhat porous, rapidly attacked by litharge, 
and very liable to fracture with abrupt changes of 
temperature. According to Seaiie, they are 
made of 2 parts of Gross Aim erode clay and 
4 or 5 parts of Epterode sand ; the clay melts at 
Seger cone 33 to 34 and has the approximate 


composition; 

% 

Silica.64 

Alumina.24 

Loss on ignition ... 7 

Iron oxide, lime, etc. . . 5 


They are obviously acid in character and in 
many ways resemble Cornish crucibles. 

French Crucibles are made from 1 part of clay 
(Ardennes) and 2 parts of the same clay fired 
ai8 grog or chamotte. They are refractory, fine 
grained, and resistant to slags. 

Silica Crucibles may be made by mixing sand 
or powdered silica with an absorbent material, 
e.g. kieselguhr (Sankey, B.P. 3353, 1906; 
J.S.C.I. 1907, 26, 96), or with cement and water 
and, after drying, heating to the fusing point of 
silica (Reppey, U.S.P. 905295; J.S.C.I. 1909, 
28, 24), or with a little lime (Berglund, F.P. 
366830; J.S.C.I. 1906, 25, 1081). 

The tables shown on p. 438 give the compo¬ 
sition of some clays used for crucibles and of 
various types of crucibles. 

Carbonaceous Crucibles. —It has long been 
recognised that the incorporation of carbon 
with the clay of crucibles diminishes their 


tendency to break with sudden changes of 
temperature and increases the heat conduc¬ 
tivity without lowering the refractoriness. 
Carbon is generally introduced in the form of 
graphite, which should have a low content of 
mineral matter and a suitable texture. The ash 
should not exceed 5 to 10% and must be 
infusible and have no tendency to combine 
with the clay to form a fusible mixture. In 
texture, graphites consist mainly of thin flakes 
or of irregularly shaped grains; the former 
tend to give a mixture which is “ slippery,” 
whereas the latter tend to pack closely, especially 
if grains vary in size. Graphite which has been 
imported during the past hundred years from 
Ceylon is particularly suitable. It contains 
about 95% of carbon and the grains are irregular 
in shape and size, ranging from minute particles 
up to several millimetres along their maximum 
dimension. During the last thirty years 
graphite has been imported from Madagascar 
and yields about 80 to 90% of carbon; the 
flakes are somewhat straight-edged and approach 
parallelograms or polygons in form (Thiessen, 
J. Amer. Ceram. Soc. 1919, 2, 508; Muller, 
Ber. deut. Kerarn. Ges. 1935, 16, 410). 

For the manufacture of crucibles, the graphite 
is ground, sifted, digested with dilute sulphuric 
acid to remove the greater part of the iron, 
and mixed with water and kneaded to a stiff 
paste with about an equal weight of finely 
ground clay. The mixture is passed through a 
pug-mill and cut into blocks. When required for 
use, the blocks are again j)assed through the 
mill, and then shajied, dried, and fired in saggers. 
The shaping may be done by hand, or by 
“ throwing ” on a potter’s wheel, or by pressing 
in a mould by hand or mechanical power. 
Various moulds have been designed for the 
purpose, and the selection of any one is deter¬ 
mined by the size or other properties required 
in the crucible. A common form consists of a 
large block of w^ood (or iron) with a deep 
cavity, the curved surface of which gives the 
shape to the outside of the crucible. The block 
is known as a “ flask,” and is partly filled with 
the clay mixture into which a plug or “ stopper ” 
is forced with a rotary movement, and thus 
shapes the inside of the crucible, the space 
between the flask and the stopper being filled 
with clay which forms the wall of the crucible. 
At the bottom of the stopper is a pin, or pivot, 
which fits into a hole in the bottom of the flask, 
and the hole thus left in the base of the crucible 
has to bo filled up very carefully when the 
moulded piece is withdrawn. Crucibles, like 
other ceramic articles, are also made in jiggers 
and Jolleys, which shape a mass of clay into the 
required form on the outside and inside. Lastly, 
crucibles are made by the casting process, in 
which a slip is poured into a plaster of Paris 
mould. The surfaces of the best quality 
crucibles are finished by rubbing with a wet 
sponge or leather which produces a smooth 
and less pervious layer on the surface. 

Crucibles in which carbon is the predominating 
constituent have been made in various ways. 
Small crucibles have been made by turning out of 
a solid block of gas-carbon on a lathe, and 
by moulding mixtures of anthracite, charcoal. 
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Analyses op some Clays used for Crucible Making. 



J. 

Ji. 

HI. 

IV. 

V. 

VI. 


79-25 

48-04 

45-73 

48-08 

65-98 

49-12 

AlgOg . . , 

13-57 

34-47 

3414 

.36-89 

23-37 

.35-73 

MgO . . . 

0-42 

0-45 

0-74 

tr. 

0-53 

0-24 

CaO . , . 

0-08 

0-66 

0-79 

0-55 

0-41 

0-18 

K^O ... 

— 

1-94 

0-45 

1-88 

0*76 

1-46 

^ ^2^8 • 

1-38 

3-05 

(FeO) 1-76 

2-36 

2-32 

0-56 




(FeSj) 0-77 




Na^O , . . 

— 

— 

— 

— 

— 

0-39 

TiOg . . . 

— 

— 

— 

— 

— 

Oil 

Loss on ignition 

5-11 

11-15 

10-17 

10-87 

6-84 

11-95 






(S) 0-05 





Moist. 4-45 







Org. 0-70 





99-81 

99-76 

99-70 

100-63 

100-26 

99-74 

. _ 

_ _ _ . 

_ 

_ .. 

_ 

_ 



I. Stourbridge (Percy). 

II. Stannington, near Sheffield (Biachof, “ Gesarnmelte Analysen”). 

III. Edgemont, near Sheffield (Percy). 

IV. Edensor, near Derby (Percy). 

V. Gross Almerodo (Bischof, “Gesainmelte Analysen*’). 

VI. Ball Clay (Mellor and Heath, Trans. Ceram. Soc. 1909, 7, 151). 


Composition of Certain Varieties of Clay Crucibles. 



1 . 

IJ. 

" 

111 . 

IV. 

V. 

VI. 

VII. 

VHI. 

IX. 

SiOg .... 

64-6 

72-3 

70-9 

71-0 

65-2 

67-4 

68-0 

72-39 

.53-92 

AI2O3 .... 

34-4 

19-5 

24-8 

23-0 

25-0 

32-0 

29-0 

25-32 

40-57 

FegOg 

1-0 

3-9 

3-8 

4-0 

7-2 

0-8 

2-2 

1-07 

— 

MgO .... 


H 2 O 1-8 

tr. 


tr. 

tr. 

0-5 

tr. 

CaO 0-38 
K 2 OI-I 4 

SO-23 


lOO-O 

97-5 

99-5 

98-0 

97-4 

100-2 

99-7 

100-30 

94-72 


I. French, made by Beaufay at Paris (Berthier, quoted by Percy). 

II. French, made by Doyeux at Savignies (Berthier, quoted by Percy). 

III. Hessian (Berthier, quoted by Percy). 

IV, English steel (Berthier, quoted by Percy). 

V. St. Etienne steel (Berthier, quoted by Percy). 

VI. Glass pots, Nemours (Berthier, quoted by Percy). 

VII. Glass pots, Bohemia (Berthier, quoted by Percy). 

VIII. Cornish, made by Juleff (Dick, quoted by Percy). 

IX. Steel crucible, clay (Brand, quoted by Percy). 


gas-carbon, etc., often with an addition of tar 
(Putz, D.R.P. 181979; J.S.C.I. 1907, 26, 1030). 
Digby recommends the following composition : 

Plumbago, 17-me8h granules 17 parts. 
Plumbago, 80«mesh granules 2 „ 

Russian clay.5 „ 

Cliina-stone.5 „ 

Gas carbon.2 „ 

The last three ingredients are ground and 
mixed with water and then the plumbago is 
added and the crucibles formed, dried at 65°, 
and baked (B.P. 3661, 1893). 

W. Smith (B.P. 149440, 1919; J.S.C.I. 1920, 
89, 668A) saturates porous clay crucibles with a 
suitable hydrocarbon, and decomposes this by 


[ heat in the absence of air, whereby the carbon 
is deposited in the pores. “ Salamander ” 
crucibles, made by the Morgan Company, contain 
a smaller amount of carbon and resist sudden 
temperature changes well. 

The table on the next page gives the compo¬ 
sition of some carbonaceous crucibles. 

Carbonaceous crucibles, besides being highly 
refractory and resistant to sudden changes of 
temperature, ensure that material in them is 
melted under reducing conditions, and in the 
case of steel, for example, may be the means of 
introducing more carbon (Brand, Chem. Zentr. 
15, 407; Dingl. poly. J. 1885, 266, 229). 
Although the carbon is, of course, burnt away 
during heating in a furnace, the more fusible 
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I. 

II. 

III. 

IV. 

V. 

VI. 

Carbon . 

18-60 

40-43 

20-0 

34-60 

25-5 

39-77 

SlOa . . . 

AlaOg . . 

42-78 

24-63 

51-4 

45-10 

50-0 

38-73 

34-71 

27-89 

22-0 

16-65 

20-0 

16-54 

Fe,0, . . 

— 

— 

3-5 

0-95 

1-5 

1-70 

CaO . . . 

— 

— 

0-2 

— 

0-5 

0-85 

HoO ... 

Sulphur 

— 

— 

1-8 

2-50 

3-0 

0-70 

0-49 

0-27 




TiOa 0-52 
MgO 0-34 

KgO 1-02 


96-58 

93-22 

i 

98-9 

99-70 

100-5 

100-17 


I. Steel crucible, coke clay (Brand, quoted by Percy). 

IT. Steel crucible, graphite (Brand, quoted by Percy). 

TIT, TV, and V. English blacklead (Mene, quoted by Percy). 
VI. Salamander (Hancock). 


mineral constituents in some cases form a pro¬ 
tective glaze over the carbon particles. This 
object may also bo achieved by coating the 
crucible with clay and borax, etc. (Woolford, 
B.P. 24479, 1898; J.S.C.I. 1900, 19, 62; 
McDonald, U.S.P. 828954 ; J.S.C.I. 1906,25,119). 

Crucibles of Other Refractory Materials .—So 
many different refractory substances have been 
suggested for the manufacture of crucibles that 
only a few illustrative examples can be given. 
On account of its refractoriness, alumina has 
often been used. Deville (Ann. Chim. Phys. 1866, 
[iiij, 46, 195) employed a mixture of strongly 
calcined and gelatinous alumina, and also 
in place of the former, a material made by 
calcining an intimate mixture of alumina and 
powdered marble. Generally, crucibles are 
made from strongly calcined alumina, or bauxite 
{q.v,), mixed with a refractory clay as binding 
agent. Caspar (U.S.P. 886111; J.S.C.I. 1908, 27, 
668) shaped small pieces of amorphous aluminium 
hydroxide by the addition of water and then 
drying and firing them to a white heat, in a closed 
vessel. In some cases he added pure magnesia 
and thus typified many attempts on the same 
lines to form a spinel to act as a binding agent. 
Fused alumina, in the form of alundum (q.v.) 
or corindite {q.v.) has been used for crucibles, 
generally with a refractory clay as binder. 

The fibrous character of asbestos suggests 
that its use would be advantageous in strengthen¬ 
ing the walls of vessels containing molten matter 
and subjected to handling. Havard (“ Refrac¬ 
tories and Furnaces,” p. 228) recommends 
mixtures of fireclay, paphite, etc., with asbestos 
for crucibles. At the same time it must be 
borne in mind that under the action of prolonged 
heating, asbestos tends to disintegrate and lose 
its binding power. 

Carborundum crucibles are very refractory, 
mechanically strong, and resistant to chemical 
attack. Generally they are made from a 
mixture of carborundum with a highly refrac¬ 
tory clay to give a plastic mass (Velter, F.P. 
376179; J.S.C.I. 1907, 26, 1010; Engels, B.P. 
14667, 1901; J.S.C.I. 1902, 21, 1081). Many 
other substances have been used, such as glue. 


water-glass, etc.; thus, a mixture of carborun - 
dum and ganistor is pressed into shape and then 
heated in an electric furnace (Tmray and 
Carborundum Co., B.P. 19493, 1902, and 3308, 
1903 ; J.S.C.I. 1903, 22, 213, 698). A strong and 
very resistant material has been made with 68 
parts of silicon carbide, 25 parts of flake or 
crystalline graphite, 7 parts of clay, and a car¬ 
bonaceous binder, such as tar, pitch or molasses, 
or part of the clay may be replaced by a flux 
such as borax (Buffalo Refractory Corp., B.P. 
176436, 1920; J.S.C.I. 1922, 41, 328A). 

Purified and ])ow(iered chrome iron ore, mixed 
with fireclay to which alaminium hydroxide 
has been added, may be moulded into crucibles 
and burned, with or without the addition, before 
burning, of a substance rich in carbon, such as 
sugar, resin or coal (Bach, B.P. 24041, 1903 ; 
J.S.C.I. 1904, 24, 64; Klein, U.S.P. 787770; 
J.S.C.I. 1905, 24, 647). By applying a chromium 
salt to the inside of a crucible and then firing, 
a lining of sesquioxide of chromium is produced 
(Placet, B.P. 28728, 1896; J.S.C.I. 1897, 16, 
919). 

Lime crucibles have been made from lumps of 
well burnt, preferably slightly hydraulic, lime by 
turning on a lathe. The lime may be soaked in 
molten ])araffin wax, resin or tar to prevent 
slaking (Searle, “ Refractory Materials,” p. 471). 
Larger crucibles may be made by compressing a 
layer of lime round the inside of a clay crucible, 
which has been coated inside with graphite in 
order to prevent combination of the silica and 
lime at high temperatures (Percy, “ Metallurgy,” 
p. 134). 

According to Percy {op. cit. p. 135), magnesia 
was introduced by Caron as a basic material for 
making crucibles and for lining reverberatory 
furnaces for melting and dephosphorising steel 
(Compt. rend. 1866, 62, 296). The magnesite 
was obtained from the island of Euboea and 
must be very strongly calcined to prevent sub¬ 
sequent shrinkage in use, and is mixed with 
15-30% of lightly calcined (decarbonated) 
material and water to form a paste which is 
moulded, strongly compressed, dried, and fired 
at a red heat. It is interesting to note that 
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Gaudin is stated to have made crucibles from a 
mixture of 1 part of magnesia and 1 part of 
bauxite, which would presumably yield an 
artificial spinel, and is indicative of several 
recent investigations on basic refractories (e.g. 
Chesters and Parmalee, J. Amer. Ceram. Soc. 
1935,18, 94 ; J.S.C.1.1935, 54, 454B). Crucibles 
may also be made from a mixture of calcined 
magnesite with from 2 to 12 % of a boron 
compound, moistened, moulded, dried, and fired 
at a high temperature (Rawson and Littlefield, 
B.P. 16004, 1900; J.S.C.L 1901, 20, 992; 
ibid. 1902, 52). The product is said to resist 
molten litharge. Crucibles of a similar mixture 
may be rendered porous 63 ^ the addition of saw¬ 
dust (Dobell, B.P. 10715, 1897; J.S.C.L 1898, 
17, 461). According to Havard {op. cit. p. 237) 
crucibles of magnesia—and other refractory 
oxides—are made by electrically fusing the 
material (Weintraub, Met. and Chem. Eng. 
1912, 10, 308). A hwer of strongly calcined 
magnesia, finely ground in a tube-mill, is spread 
on the bottom of a carbon or graphite mould. 
A carbon plug, covered with a thick layer of 
paper to allow for the subsequent shrinkage of 
the magnesia, is inserted, and the space between 
it and the wall of the mould filled with powdered 
magnesia and the whole heated in an electric 
furnace to 1,600'U. (U.S.P. 1022011, 1912). A 
similar method is given by Kerl (“ Handbuch der 
gesammten Thonwaaren Industrie,” p. 963); 
powdered magnesia is filled into a carbon tube, 
fitted between two carbon blocks, the lower of 
which is cut to shape the inside of the article, and 
on passing the current the magnesia fuses and 
runs down over the shape. 

Small crucibles, usually for laboratory work, 
have been made from such refractory oxides as 
zirconia, thoria, ceria, etc. {see further, Percy, 
“Metallurgy” (Fuel, etc.), 1875, pp. 110-141; 
B. Kerl, “ Handbuch der gesammten Thon¬ 
waaren Industrie,” 1907, pp. 932-965; Searle, 
“Refractory Materials,” 1924, pp. 464-503; 
Havard, “ Refractories and Furnaces,” 1912, 
pp. 228-238; C. Bischof, “ Die feuerfesten 
Tone,” 1923, pp. 178-193). 

W. C. H. 

CRYOGENINE. Phenylsemicarbazide 
antipyrine. 

CRYOLITE. (Gor. Kryoliih.) A native 
fluoride of aluminium and sodium, found almost 
exclusively in Greenland, whence it has been 
sometimes called “ Greenland spar.” The name 
cryolite, or “ ice-spar ” {Kiaatein), refers to the 
general resemblance of the mineral to ice {Kpvos) 
and to its ready fusibility in a candle-flame. 
The mineral was discovered by the Danes in 
1794, and described by Schumacher in 1798. 
All the cryolite used in commerce is obtained 
from a single locality at Ivigtut (or Evigtok), 
on Arsuk-fjord in south-west Greenland. This 
locality was visited by Giesecke, and later by 
J. W. Tayler (Quart. J. Geol. Soc. 1856, 12, 
140). The cryolite occurs as a large deposit in 
gneiss, and contains (especially near its junction 
with the enclosing rock) a number of metallic 
minerals, such as galena, pyrites and chalybite 
{v. P. Johnstrup, N. Jahrb. f. Min. 1886, i, 
Ref. 28 ; R. Baldauf, Z. pr. Geol. 1910, 18, 
432; 0. B. B 0 ggild, Mineralogia Groelandica, 


Kjebenhavn, 1905 ; 0. B. Beggild, Meddelelser 
om Gronland, 1912, 60, 107, and Z. Kryst. 
Min. 1913, 51, 591 ; C. P. Bernard, The Cryolite 
Mine at Ivigtut, Greenland, Mining Magazine, 
1916, 14, 202). 

Cryolite is usually found as cleavable trans¬ 
lucent masses, of snow-white colour, with a 
peculiar moist-looking vitreous lustre which 
renders the mineral easy of recognition. H. 2^, 
sp.gr. 2*9-3-0. Crystals are rare ; they are cube¬ 
like in habit, and belong to the monoclinic 
system, wdth throe perfect cleavages approxi¬ 
mately at right angles to one another. Although 
cryolite is usually w'hito, it is sometimes coloured 
brown or reddish, and is said to pass down¬ 
wards, in the Greenland deposit, into a black 
mass. The black variety loses its colour when 
heated. Before the blowpipe cryolite fuses to a 
white enamel. 

The composition of cryolite may be repre¬ 
sented by the formulaSNaF-AIF^ or NagAlFg. 
This corresponds to AI 12-8, Na 32-8, F 54-4%. 

I An analysis of the Greenland cryolite by Chodney 
yielded Al 13*23, Na 32-71, MrigOg and MgO 
b-83% (Verb. Russ. Min. Ges. 1846, for 1845-^6, 
209). Durnev found in the cryolite of Miask in 
the Urals, Al 13-41, Na 32-31, FegOg and 
MngO., 0-55, CaO 0-35% (Pogg. Ann. 1851, 
83, 587). Deville found in the (Greenland cryo¬ 
lite 0-018% of vanadic acid and a small pro¬ 
portion of phosphoric acid. An analysis of 
cryolite from near Pike’s Peak, Colorado, by 
Cross and Hillcbrand yielded Al 12-9, Na 32-4, 
F 53-55, FegOg 0-4, Ca 0-28, HgO 0-3% (Amor. 
J. Sci. 1883, 26, 271). 

Cryolite was formerly a rare mineral, but 
about 1855 it was introduced into Europe com¬ 
mercially, and at once found numerous applica¬ 
tions in the arts. About 10,000 tons are 
exported annually from Greenland. By heating 
finely powdered cryolite with sodium or with 
magnesium, J. Percy and A. Dick obtained 
metallic aluminium (Phil. Mag. 1855, 10, 364). 
Deville found that fused cryolite is decomposed 
by the passage of an electric current, with 
elimination of free aluminium. At the present 
time, aluminium is prepared by the electrolysis 
of bauxite, but the addition of some cryolite is 
necessary to start the process and to keep it in 
continuous operation {v. Aluminium). 

A wide range of applications was suggested 
when Julius Thomsen showed in 1850 that 
cryolite is readily decomposed by heating with 
calcium carbonate, and that sodium aluminate 
may be thus obtained; 

AljF^-eNaF-feCaCOj 

=3Na20Ala03-b6CaF2+6C02 

If heated with quicklime, a similar decomposi¬ 
tion is effected. The sodium aluminate has been 
used in the manufacture of alum, and in the 
preparation of caustic soda for soap making. By 
lixiviation, the aluminate is easily dissolved out; 
and by the passage of COj through the solution, 
NagCOg is obtained, while alumina separates in 
a gelatinous form. The decomposition of cryo¬ 
lite may also be effected by boiling the finely 
pulverised mineral with milk of lime. By adding 
an excess of powdered cryolite to the resulting 
solution, the aluminate is decomposed, the alu- 
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mina being precipitated, while sodium fluoride 
remains in solution: 

SNaaO-AloOg+AlaFg-eNaF 

=2Al203+12NaF 

Cryolite can be readily decomposed by the 
action of sulphuric acid, with formation of 
sodium sulphate, which can be easily converted 
into carbonate ; but the process, after trial at 
Copenhagen, has been abandoned in conse¬ 
quence of the inconvenience arising from the 
evolution of hydrofluoric acid : 

AlgFg-eNaF i 6H2SO4 

-Al2(S04)3+3Na2S04+12HF 

The manufacture of soda from cryolite is 
carried on at Oersund in I^onmark, and at 
Natrona, near Pittsburg in Pennsylvania. The 
mineral is also employed in the preparation of 
enamels on iron and for the manufacture of an 
opaline glass, somewhat resembling porcelain. 
This glass may bo formed by fusing together 
100 parts of Kili(!a, 35 or 36 of cryolite, and 13 
or 14 of oxide of zinc. C. Weinreb has in¬ 
vestigated the cause of the milkiness of cryolite 
glass, and believes that it is duo to the presence 
of aluminium fluoride, which, on cooling 
the fused mass, separates in a highly com¬ 
minuted condition, and being distributed 
through the glass renders it more or less opaque 
(Ding. Poly. J. 1885, 256, 361). 

L. J. R. 

CRYOLITHIONITE. Fluoride of lithium, 
sodium and aluminium, LigNajAlgFjg, remark¬ 
able in containing a higher percentage of 
lithium (5-35%) than any othe^r mineral. It 
occurs as large, colourless, rhombic-dodecahedra 
embedded in the cryolite deposit at Ivigtut in 
Greenland. Si).gr. 2*77, H. 2|-3, ^ 7^3 1'3395, 
rn.p. 710°. The mineral dissolves in 1350 parts 
of water at 18°, and from this solution crystallises 
as cubes. 

L. J. S. 

CRYOSCOPY. As early as 1788 Blagden 
proved that the extent to which the freezing- 
point of an aqueous solution lies below that of 
water—the depression of the freezing-point, as 
it is called—is proportional to the concentration 
of the dissolved substance. Nearly a century 
later, the researches of do Coppet and Raoult 
showed that when equimolecular proportions of 
difiPerent substances are dissolved in equal 
quantities of a given solvent, the solutions so 
obtained have, in general, the same freezing- 
point. It is on these facts that the use of the 
cryoscopic method of determining the molecular 
weights of dissolved substances is based. 

In comparing the effects of different substances 
on the freezing-point of a given solvent it is 
obviously convenient, in view of de Coppet’s and 
Raoult’s results, to refer these effects to 1 g.-mol. 
of solute and to some definite quantity of the 
solvent; in practice, 100 g. of the latter is 
taken as the standard amount. The depression 
of the freezing-point for such a concentrated 
solution as one containing 1 g.-mol. of solute 
in 100 g. of solvent cannot be determined 
directly; it is calculated from the depression 
observed for a dilute solution, on the basis of the 
proportionality between depression and con¬ 


centration. The depression, therefore, for a 
solution containing 1 g.-mol. of non-electrolyte 
in 100 g. of water is a constant, independent of 
the particular solute; the average value of the 
cryoscopic constant for water is 18-5°. 

For each solvent, a characteristic figure can be 
similarly deduced from experimental data. The 
evaluation of this constant—the molecular 
depression of the freezing point—is effected by 
substituting experimental values in the formula. 
M 

K= —• A^» where is the depression of freezing- 

point observed for a solution containing g 
grams of solute in 100 g. of solvent, and M is 
the molecular weight of the solute. 

It has been shown by van’! Hoff that, on 
thermod 3 mamical grounds, the molecular depres¬ 
sion of the freezing-point for any solvent is 
quantitatively related to the temperature of 
freezing and to the latent heat of fusion. The 

relationship in question is K— —^— , where 

T is the freezing-point of the solvent on the 
absolute scale, and w is the latent heat of fusion 
per g. of the solvent. The following table 
shows how far the values of the molecular 
depression calculated for various solvents by 
van’t Hoff’s formula, are in agreement with 
those deduced empirically : 


Solvent. 

K. (found). 

K (calcu¬ 
lated). 

Water. 

18-5 

18-6 

Acetic acid .... 

39 

38-2 

Phenol. 

53 

50-5 

Benzene. 

51-2 

50-7 

Naphthalene 

69 

69-5 

Camphor .... 

400 

— 

Canqihorquinonc . 

457 

— 


The van’t Hoff formula assumes that the 
solution is an “ ideal ” one and that pure 
solvent only crystallises from it. Should the 
latter condition not obtain the whole method 
breaks down, the depressions observed being 
always too low. An examination of the van’t 
Hoff formula was made for a number of solutions 
by Hiickel, Kumetat and Severin (Annalen, 1935, 
518,184) and the abnormalities were shown to be 
due to the formation of mixed crystals of 
solvent and solute. Attempts have been made 
to connect the constant with other properties 
of the solvent and have been successful in certain 
cases. Thus J. F. Durand and L. Wai-Hsim 
(Bull. Soc. Chem. 1936, [v], 3, 1389) showed that 
the following relation applied to a number of 
organic substances, K==-0015 MT, where K 
was the cryoscopic constant, T the absolute 
melting-point, and M the molecular weight. 

Two main uses of the cryoscopic method must 
be clearly differentiated. The first as a means of 
finding approximate molecular weights, which 
has its main application in organic chemistry, 
and the second as a method of investigation 
in the study of the properties of solutions. 
For the latter work the highest accuracy is 
necessary and consequently complicated appara- 
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tus is employed, whereas for the former purpose 
an accuracy of a few per cent, is sufficient and 
ease and speed of working are important factors. 
The Beckmann and Rast methods, which are 
capable of an accuracy of about 2-5%, will be 
first described and afterwards an outline given 
of modem precision methods. 

The Method of Beckmann. —Essentially the 
procedure is to compare the freezing-point of the 
pure solvent and solution using a thermometer 
that is calibrated to read differences and not 
absolute temperatures. Such differences can be 
measured with much greater accuracy than the 
actual freezing-points, and this fact is utilised 
in all cryoscopic determinations. The thermo¬ 
meter has a very open scale which covers only 
5-6°C. in a length of about 20 cm.; consequently 
it can bo divided into divisions of 1/100^. 
These divisions can be subdivided by eye to 
1/1,000° with the aid of a special lens which 
slides on the stem of the 
thermometer and enables 
errors from parallax to bo 
avoided. 

A reservoir is attached 
to the upper end of the 
thermometer tube so that 
the quantity of mercury 
in the bulb may be 
varied. This permits the 
thermometer to be used 
for different temperature 
ranges and hence with 
various solvents. The 
adjustment of the 
amount of mercury in the 
bulb is carried out as 
follows. The thermometer 
is inverted so that the 
bulb is pointing vertically 
upwards and gently 
tapped so that the mer- i 
cury in the bulb begins 
to flow down the thread 
and into the reservoir, 
w'here it is united with 
any metal that already 
happens to be there. The thermometer is then 
turned very carefully and the bulb placed in a bath 
2-3°C. above the highest temperature at which 
it is proposed to work. Provided this operation 
is done without vibration the mercury will 
remain joined through the thread from the 
reservoir to the bulb and sufficient mercury will 
flow into the bulb to fill it at the bath tempera¬ 
ture. The thermometer is then given a sharp 
tap with the finger which detaches the excess 
mercury in the reservoir and the thread will be 
found to be at the top of the scale at the required 
temperature. If during the above operation the 
mercury thread shows a tendency to break, this 
may be prevented, by holding the thermometer 
at an angle of 30° to the horizontal, instead of 
vertically, while the mercury is flowing from the 
reservoir into the bulb. 

The other essential parts of Beckmann’s 
apparatus are seen in the diagram shown above. 
A stout glass jar, holding about litres, is 
provided with a metal top at the side of which is 
a hole for a stirrer, and in the middle of which 



is another hole capable of holding a large, stout 
test-tube, 3-4 cm. in diameter. The lid and the 
tube are hold firmly in position by the springs. 
By moans of a cork, there is fitted in the tube 
another, narrower tube, to hold the liquid under 
investigation. This tube should preferably 
have a flat bottom, while the part of it which 
projefds beyond the outer jacket is provided 
with an auxiliary side tube, and is itself widened 
out at the upper extremity. The cork with 
w’hich this inner tube—the freezing tube, as it 
may be called—is fitted carries the thermo¬ 
meter, and allows also free passage to a stirrer. 
The latter is best made of thin glass rod or of 
nickel wire. The thermometer must be fitted 
in an accurately central position, so that the 
stirrer may bo moved up and down without 
touching the bulb. 

At the start of an experiment the freezing tube 
is charged with a weighed quantity of the 
solvent, usually 10-20 g., and the jar is filled 
with water or a mixture of ice and salt, or other 
suitable liquid, at a temperature 4-5° below 
the freezing-point of the solvent under examina¬ 
tion. The freezing tube, with thermometer and 
stirrer, is immersed directly in the jar, until the 
temperature has fallen almost to the freezing 
point. It is then set in the jacket tube and the 
contents are stirred regularly, wdiilo the mercury 
in the thermometer falls slowly. The fall con¬ 
tinues until the solvent is more or loss super¬ 
cooled. In the majority of cases freezing sets 
in spontaneously before the supercooling exceeds 
0-5°, and the liberation of heat resits in a 
rise of the mercury in the thermometer up to a 
steady maximum position. This is the freezing- 
point of the solvent—the temperature at which 
liquid and solid solvent are in equilibrium with 
each other. It is advisable, when the thread is 
rising towards its steady position, to tap the 
thermometer before taking a reading and so 
avoid the possibility of the mercury sticking in 
the capillary. Should the supercooling exceed 
0*5°, crystallisation ought to bo initiated. This 
may sometimes be done by vigorous stirring or, 
better, by introducing a small crystal of the solid 
solvent. D. E. Kenyon and G. A. Hulett (J. 
Amer. Chem. Soc. 1934, 56, 1649) recommend 
that a small glass bead wetted with the solvent 
and then cooled in sohd carbon dioxide be used 
in place of the crystal, which is rather difficult to 
introduce. A third method is to touch the sur¬ 
face of the liquid with a thin wire which has been 
previously cooled in liquid air. The freezing- 
point of the solvent having been determined 
two or three times in the manner just described, 
a weighed quantity of the solute, enough to give 
a depression of not less than 0*2°, is introduced, 
and the freezing-point of the solution is then 
ascertained in the same way as that of the 
solvent. Subsequently additions of solute 
are made and the resulting depressions deter¬ 
mined as before. One addition, it is true, 
yields sufficient data for the calculation of the 
molecular weight of the solute, but it is desirable 
to ascertain also whether the concentration of 
the solute has any definite and notable influence 
on the value obtained for its molecular weight. 
It is advisable, further, to redetermine the 
freezing-point of the solvent at the end of such a 
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series of experiments, and so obtain a guarantee 
that the zero of the thermometer has not 
changed appreciably in the course of the work. 

In the past suggestions have been advanced for 
improving the accuracy of the Beckmann 
apparatus. Many of them are now redundant 
owing to tlie other types of apparatus developed 
for accurate work. Consequently only those 
errors will be considered which affect the appara¬ 
tus when used for its legitimate purpose—the 
measurement of molecular weights with reason¬ 
able accuracy. The bulb of the thermometer 
may change slightly in volume during a series of 
experiments if it has previously been at a con¬ 
siderably different temperature. If this is due to 
an ageing process in the glass it is best to keep 
the thermometer temperature as steady as 
possible. When the bulb is thin pressure 
changes will affect the position of the thread 
appreciably. Barometric changes have been 
shown to have an effect of 0-0002®. The general 
precautions to be adopted for a Beckmann 
thermometer to be read with an accuracy of 
0-0006° are discussed at length by H. C. S. Sneth- 
lage (Rec. trav. chini. 1933, 52, 139). 

The temperature of the cooling bath is a matter 
which has to be carefully considered if the 
freezing-point depression for a dilute solution is 
to be correctly determined. Suppose that in an 
experiment with the ordinary Beckmann 
apparatus the aqueous solution in the inner tube 
cools without freezing, it is obvious that the 
lowest temperature to vhich the solution can 
fall must be higher than that of the cooling bath, 
because of the heat conducted from the air to the 
solution through the thermometer, stirrer, and 
tube, and because of the heat generated by the 
stirring. This lowest temperature which the 
contents of the freezing tube tend to assume when 
no freezing takes place is known as the con¬ 
vergence temperature. The difference between 
the convergence temperature and the tempera¬ 
ture of the cooling bath varies, of course, with 
each apparatus ; it decreases as the facility for 
heat exchange between the solution and the 
external air is lessoned, and as the rate of 
stirring is diminished. Suppose now that the 
, solution under examination has become super¬ 
cooled, and that it has reached the convergence 
temperature. The introduction of a crystal of 
the solid solvent at this stage initiates the freez¬ 
ing process ; heat is liberated and the tempera¬ 
ture of the solution rises. Inasmuch, however, 
as the solution is no longer at the convergence 
temperature, there is an influence at work tend¬ 
ing to lower the temperature of the solution, so 
that the latter never reaches its true freezing- 
point ; the maximum position reached by the 
mercury is only what may be called the apparent 
freezing-point of the solution. Similarly, 
when the freezing-point of the solution lies 
below the convergence temperature, an apparent 
freezing-point is observed which is somewhat 
higher than the true freezing-point. In both 
cases the apparent freezing-point lies between 
the true freezing-point and the convergence 
temperature. In view of these considerations, it 
is necessary in cryoscopic work to keep the bath 
temperature as near the freezing-point as 
possible. The error is also automatically 


corrected if a value of K is determined with a 
substance of known molecular weight under 
conditions identical with those used for the 
unknowTi material. 

In choosing a solvent for a molecular weight 
determination it must be remembered that 
electrolytes in water will dissociate and give low 
values, whereas many hydroxylated and other 
organic compounds may associate in benzene 
(Bury and Jenkins, J.C.S. 1934, 688). When 
there is a possibility of these complications 
determinations must be made in more than one 
solvent, ^orae work has been done on cryoscopy 
in mixed solvents, but the results as yet are 
more of theoretical than practical significance 
{see O. Anders, Z. physikal. Chem. 1933, 164, 
145; G. Scatchard anci S. S. Prentiss, J. Amer. 
Chem. Soc. 1934, 56, 1486). 

For the determination of the freezing-point of 
h'quids which are obtainable only in small 
quantities—physiological fluids, for example— 
Beckmann’s apparatus, in its ordinary form, is 
too large. Modifications of this apparatus, 
suitable for the investigation of blood, urine, 
etc., have been suggested by various authors 
(Guyo and Bogdan, J. Chim. phys. 1903, 1, 
379; Burian and Drucker, Zentr. Physiol. 
1910, 23, 772; D. Thomas, Z. gos. exp. Med. 
1933, 87, 635). In these instruments only 1-2 
C.C., or in the last 0-1 c.c., of liquid is required, 

I and it is claimed that the accuracy is of the same 
order as that attainable with the ordinary 
Beckmann apparatus. 

The Micro Rast Method. —The determina¬ 
tion of molecular weights by the Rast method 
(Ber. 1922,55, [B], 1051,3727) is likely to entirely 
replace the use of the freezing-point apparatus 
of Beckmann in the organic chemistry labora¬ 
tory. It has the advantage of requiring only a 
very small amount of the solute and the pro¬ 
cedure is simpler and quicker than with the 
older method. 

The remarkably high values for the molecular 
depression of camphor and some related com¬ 
pounds will be noted in the table on page 441d. 
These substances have excellent solvent action 
for the majority of organic substances and the 
fact that there is now a number of them available 
enables the molecular weight to bo checked in 
two or more solvents, thus guarding against 
errors due to the separation of mixed crystals of 
solute and solvent and to association of the 
solute. Essentially the method consists in 
observing the melting-points in the ordinary 
capillary tubes of the pure solvent and of a 
mixture of known composition. This determina¬ 
tion can be carried out in the normal fashion 
as the depression is large enough for an ordinary 
thermometer to be used for the temperature 
measurement. It is best, however, to use a good 
lens for the examination of the mixture while it 
is melting. One of two methods of procedure 
may be adopted, the first when an amount of 
the order of 0-2 g. of the substance under 
investigation is available and, second, the true 
micro-method, which requires only a few 
milligrams. 

In the first method about 0-1 g. of the sub¬ 
stance is accurately weighed into a small tost 
tube using an ordinary analytical balance. 
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About ten times this amount of camphor is then 
added, the tube reweighed, and then sealed 
off at the blowpipe. The tube is heated in a 
bath at a temperature slightly above that of the 
melting-point of camphor and shaken thoroughly 
until all the solute has dissolved. The tube is 
removed from the bath and shaken while it is 
rapidly cooled. Finally it is cut open and the 
contents powdered in a small agate mortar. 
Samples of this powder are placed in ordinary 
melting-point capillary tubes and the determina¬ 
tion carried out in the usual fashion; the tem¬ 
perature being noted at which the last trace of 
solid disappears. The melting-point of the 
camphor alone is then determined and from the 
difference the molecular weight of the solute can 
be found by substitution in the usual formula. 
The molecular depression constant varies with 
the sample of camphor and it is necessary to use 
a value of K that has been actually determined 
for the sample used. Benzoic acid or naphtha¬ 
lene are the materials that are commonly used 
for standardisation. 

For the successful operation of the second 
method some knowledge of micro-(;hemical 
manipulations and the use of a micro-balance are 
required. A capillary tube 40 mm. long and 
2-3 mm. in diameter is weighed to 0 000001 g., 
about 0*2 mg. of the unknown substance is 
placed in the closed end of the tube which is then 
reweighed, ten times the amount of camphor is 
introduced and its weight also found. The 
capillary is then drawn off at about 15-20 mm. 
from the closed end, the glass being formed into a 
long fibre by which the small bulb containing 
the charge can be held. The camphor and the 
solute are melted together until the latter has 
completely dissolved and the melting-point of 
the mixture is then determined. For details of 
these operations F. Pregl’s “ Quantitative Micro¬ 
analysis ” may be consulted (3rd ed., 1937, 
J. & A. Churchill, Ltd.). 

J. Pirsch has been responsible for many 
improvements in the Rast method in recent 
years. He has described a modified procedure 
to be adopted when the molecular weights of 
volatile compounds are required (Ber. 1932, 65, 
[B], 1227) ; also a large number of new solvents 
have been examined. These are recommended 
to check the results obtained with camphor 
and to be used when the substance is insoluble in, 
or decomposes at, the melting-point of camphor. 
The more important of these materials are : 

Camphene, m.p. 49°C,, K==310 (Pirsch, Ber. 

1932, 65, [B], 862). 

Bomylamine, m.p. 190°C., K=406 (Pirsch, 
Ber. 1932, 65, [B], 1227). (SpeciaUy useful for 
alkaloids and basic substances.) 

Camphorquinone m.p. 190°C., K==457 (Ber. 

1933, 66, [Bj, 816). 

cyc/oPentadecanone, m.p. 66*6°C., K—213 
(Giral, Anal. Fis. Quim. 1935, 83, 438). (Used 
for azo-dyes, also for sterols and derivatives.) 

Descriptions of other materials that have 
been used will be found in the following papers 
(Ber. 1933, 66, [B], 1694; 1934, 67, [BJ, 1115; 
1925, 58, [B], 2388; Bui. Chim. 1926, [4], 39, 
82; Rocz. Chem. 1933, 13, 720). 

Pbeoision CBYOscopy.—The modem theories 
of solution require experimental results of the 


highest accuracy at considerable dilution for 
their confirmation. The precise determinations 
of recent years have all been done in develop¬ 
ments of a type of apparatus evolved by Adams 
(J. Amer. Chem. Soc. 1915, 37, 481) who used 
two Dewar vessels, one of which contained 
400 g. of ice and 600 g. of water, while the 
other had similar amounts of ice and solution. 
The mouths of the vessels were closed with corks 
and they were supported in a metal can which 
was nearly filled with ice. The can was closed 
with a double-w^alled lid which was also filled 
with ice. The equilibrium between ice and 
water or ice and solution required that there be 
efficient circulation of the liquid. This was 
accomplished by circulating pumps which were 
immersed in the Dewar vessels and were 
operated by glass rods passing through the 
corks and lid. One-half the liquid was displaced 
for each stroke of the pump, and consequently 
equilibrium was rapidly established. Tho 
temperature ditlerence between the two Dewar 
vessels was measured by a 50-junction thermo- 
' couple of copper constantan, the wire of which 
was tested for homogeneity. When the E.M.F. 
was read to one microvolt the temperature could 
be determined to 0*0001°. After equilibrium 
had been established some of the solution 
was withdrawn and its concentration deter¬ 
mined with tho aid of an interferometer, solu¬ 
tions of nearly equal and known concentration 
being used for comparison. In this way 
determinations were carried out with solutions as 
dilute as 0*004 normal. 

F. Hovorka and W. H. Rode bush (J. Amer. 
Chem. Soc. 1925, 47, 1614) introduced the 
following refinements into their apparatus. 
The mechanical stirrer was replaced by a stream 
of purified air which was found to give efficient 
mixing and not cause so much heating as tho 
previous methods. Also, instead of withdrawing 
and analysing a sample of the liquid, the solution 
was made up to a known concentration and 
cooled with the rest of the apparatus to a 
temperature very close to that of the equilibrium 
one. The solution was then added to the ice in 
the Dewar vessel from which the water had been 
withdrawn a few moments earlier In this way 
the equilibrium temperature was reached with¬ 
out appreciable change in the concentration 
of the solution. The temperature difference 
was measured with a 14-junction thermo¬ 
element, and improvements were introduced 
into the circuit for measuring the potential 
and excluding parasitic E.M.F.'s, This rendered 
it possible to read the temperature with a 
precision of 0*00002°. 

Randall and Scott (J. Amer. Chem. Soc. 1927, 
49, 647; Randall and Vanselow, ibid. 1924, 
46, 2418) surrounded the Dewar flasks with 
substantial metal casing which enabled the whole 
apparatus to be exhausted to the vapour pressure 
of tho water, thus excluding the error that may 
be introduced by changes in the solubility of tho 
air with temperature. The concentration of the 
solution was found from conductivity measure¬ 
ments. L. Ebert and J. Lange (Z. physikal. 
Chem. 1930, 149, 389; 1934, 168, 147) have 
introduced further improvements, their final 
apparatus being shown in the figure on p. 445. 
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A mechanical stirrer J is driven through a 
device M for preventing undue conduction of 
heat by means of the induction motor B. Since 
the armature of the motor is enclosed in the 
casing there is no need for packed joints with 
consequent leakage. The thermocouple O is 
enclosed for the greater part of its length in a 
Dewar vessel which minimises the conduction 
of heat down the elements. The concentration 
of the solution is again found by a conductivity 
method. Using a 30-junction thermo-element 
the temperature could be determined to 
O-OOOOF. 

Scatchard and Prentiss have also made a series 
of careful measurements for a variety of alkali 



salt solutions. Their apparatus is not evacuated 
but filled with nitrogen which they say does not 
introduce appreciable errors {see J. Arner. Chem. 
Soc. 1932, 54, 2676, 2690, 2696 ; 1933, 55, 4355; 
1934, 56, 1486, 2314, 2320 ; 1936, 58, 837). 

The lowering of the freezing-point of non- 
aqueous solutions has also been considerably 
developed. L. I). Elliott (J. Physical Chem. 
1924, 28, 611) described an apparatus in which 
liquid ammonia can be used. The design of the 
apparatus is similar to that of the ordinary 
Beckmann apparatus except that the cooling 
bath is contained in a large Dewar vessel and 
that arrangements are made for coolly ? the 
light petroleum it contains with liquid air. 
At these low temperatures a resistance thermo¬ 
meter is the best instrument for measuring the 
temperature. Measurements for ammr ium 
nitrate and sulphuric acid in anhydrous ^tic 


acid have been carried out with an accuracy of 
O-OOOrC. by W. C. Eichelberger (J. Arner. 
Chem. Soo. 1934, 56, 799). F. S. Brown and 
C. R. Bury (J. Physical Chem. 1926, 30, 694) 
have studied the depression of the freezing-point 
of nitrobenzene by organic compounds. For 
work with cyc/ohexanol, see E. Schreiner, 0. E. 
Frivold and F. Ender (Phil. Mag. 1929, 8, 
669); with indene, see W. Klatt (Z. physikal. 
Chem. 1934, 171, 454); and with ether-alcohol 
mixtures, see A. Lalando (Compt. rend. 1932, 
195, 1267). F. GareUi and E. Monath (Atti R. 
Accad. Sci. Torino, 1926, 61, 4) have suggested 
that the cryoscopic method might be employed 
for the determination of the solubility of gases 
in organic liquids, and they have determined the 
solubility of nitric oxide and carbon monoxide 
in benzene, bromoform and nitrobenzene by 
this method. 

R. H. P. 

CRYPTAL. An aldehyde, to which the 
name cryptal was given, was stated to occur in 
the oils from Eucalyptus hemiphloia^ polybractea 
and Bakeri (Penfold, J.C.S. 1922, 121, 266; 
Pcnfold and Simonsen, ibid. 1930, 403). This 
substance has now been shown by Berry, Mac¬ 
beth and Swanson {ibid. 1937, 986) to be iden¬ 
tical with the ketone, l-l-4:-isopropy\-A^-cyclo- 
hexen-l-one isolated from these oils by Cahn, 
Penfold and Simonsen {ibid. 1931, 1366). 

J. L. S. 

CRYPTO LITE v. Cerium Metals and 
Earths, Monazite. 

CRYPTOPINE, an t«oquinoline alkaloid. 

CRYPTOTAENENE. The aliphatic 
hydrocarbon, cryptotaenency CjoHjg, b.p. 67- 
68715 mm., rff 6-8128, 1-47476, [a]j, +2-66° 

occurs in the essential oil obtained from Crypto- 
taenia japonica (Hirano, J. Soc. Chem. Ind. 
Japan, 1926, 29, 48). It contains three ethylenic 
linkages and gives on oxidation with ozone, 
acetone, formic and succinic acids. Its con¬ 
stitution has not been determined. 

J. L. S. 

CRYPTOXANTHIN v. Carotenoids, 
Kryptoxanthin (Vol. II, p. 399c). 

CRYSTALLISATION. The researches 
of William L. Bragg (“Crystallisation,” Trans. 
Inst. Chem. Eng., 1927, 5, 103-109, and other 
publications) and others into the crystalline 
structure of matter have shown that in a 
crystal the molecules of which it is composed 
are arranged in a definite space lattice structure 
and are capable only of oscillatory movement, so 
that crystalline structure possesses great rigidity 
and largo stresses must be applied to produce 
plastic flow. 

The spacing of the molecules in the lattice, 
although regular, is not the same in all directions 
and therefore the forces of attraction between 
the molecules will vary and result in the crystal 
possessing different properties along various 
axes. 

Each crystalline substance has its own 
characteristic arrangement of the space lattice 
structure and if the crystal is allowed to form 
freely it possesses a definite geometrical form 
having a fixed number of plane surfaces which 
are inclined to one another at definite and 
characteristic angles. 
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Many substances are known to adopt two or 
more wholly different structures depending xipon 
the physical conditions which are prevalent 
during the growth of the crystal and are termed 
polymorphic. 

Sometimes the conditions required to produce 
a change in structure are well understood and 
when they are applied a crystal is obtained w^hich 
is perfectly stable so long as the conditions, 
such as a definite transition temperature, are 
maintained. In other cases the conditions 
governing the formation of different structures 
are obscure, the rarer structures being unstable 
and the crystal either dissolving in the solution 
or breaking into minute aggregates of the 
commoner type. 

With organic substances it is often difficult to 
decide whether the modifications in tlio cr^’^stala 
of a substance are due to polymorphism or to 
isomerism, that is, permanent intra-molecular 
differences in structure. 

To distinguish between polymorphism and 
isomerism Sidgwick’s (J.C.S. 1915, 107, 672) 
method of studying the equilibrium relations 
between the two forms and a common solvent 
can be applied, when it will bo found that wdth 
isomerides differences will survive a process of 
either solution or fusion. 

Crystal Growth .—If it is assumed that the 
forces of attraction between the molecules 
constituting the crystal act along lines joining 
the centres of the molecules, then a diagram can 
be constructed showing the vectorial distribu¬ 
tion of the surrounding field. jMolecules within 
the crystal will be subjected to a balanced 
system of forces due to the attractions of the 
surrounding molecules, w hereas a molecule at | 
the surface of the cr 3 ^ 8 tal wull bo acted upon bj' an 
unbalanced force which tends to attract other 
molecules to itself or produce a strain at the 
free surface of the crystal. This surface energy 
depends upon the number, kind and distribution 
of the molecules on the plane surface and may 
vary for different surfaces of the crystal. 
Moreover, molecules at the corners and edges of 
the crystal are subjected to smaller attractive 
forces towards the centre of the crystal 
and so cannot adhere so strongly to the 
crystal as those at or near the interior of the 
plane surfaces. J. Willard Gibbs (“ Scientific 
Papers,” London, 1906, p. 325) has indicated 
that these factors supply much information on 
the mechanism of crystal growth. When a 
crystal is immersed in its saturated solution 
and a state of equilibrium between the crystal 
and solution is attained the number of molecules 
arriving at the surfaces of the crystal from the 
solution must equal the number of molecules 
leaving these surfaces and entering the surround¬ 
ing liquid. 

A molecule vibrating about an equilibrium 
position along a line at right angles to the plane 
surface of the crystal will be subject to an 
attractive force towards the crystal due to the 
other molecules forming the crystal and an 
outward force of attraction due to the molecules 
constituting the surrounding liquid. If the 
vibration of the molecule is sufficiently large 
it may reach a point termed the balance point 
where the attraction due to the crystal is equal 


to the attraction of the molecules in the 
surrounding liquid. Beyond this point the latter 
force becomes the greater and the molecule 
tends to enter the solution, but if the vibration 
of the molecule is not sufficient to carry it to the 
balance point then the attraction towards the 
centre of the crystal being the greater force, 
the molecule will tend to return to the surface of 
the crystal. 

The same theory also applies to the molecules 
of the solute in the surrounding liquid which not 
being subject to a directional movement may or 
may not come sufficiently close to the surface of 
the crystal to bo attracted tow'ards it. The 
greater the number of the molecules of solute 
present in the solution surrounding the crystal 
the greater will bo the tendency for these to be 
attracted to the crystal surfaces. Hence the 
concentration of the solution is another impor¬ 
tant factor in crystal growth. 

Other factors, in addition to the kinetic energy 
of the molecule, such as inter-molocular collisions 
which are dependent upon the number of 
molecules in the surface layer, and the periodicity 
of the vibration as well as the dissipation of the 
heat of solution and the change in density of the 
solution affect the growing or dissolving of a 
crystal. As the attractive forces on the 
molecules at the edges and corners of the 
crystal towards the centre of the crystal are least 
the amplitude of their vibrations will be greater 
than those at the interior of the plane surfaces 
and therefore the tendency will be for those 
molecules to leave the crystal and enter the 
solution. Hence, during the growth of a crystal, 
complete molecular planes must be formed on 
the surfaces, and since single molecules at the 
corners edges or on the surface are hold less 
firmly a definite degree of supersaturation of the 
surrounding solution is necessary to maintain 
crystal growth. Before, however, crystal growth 
can occur there must be a solid nucleus upon 
w hich the molecules can be deposited. 

Nucleation .—The nucleus upon which the 
molecules are deposited to form the crystal may 
consist of a small solid particle inserted in the 
hquid or may arise by formation of such a particle 
in the solution by an agglomeration of a number 
of molecules of the same substance of which the 
crystal will be composed, to give a small solid 
particle upon which the molecules can be 
deposited. 

The introduction of small crystals of the sub¬ 
stance to be crystallised into the solution in 
wdiich the growth takes place is known as the 
seeding of the solution and is sometimes adopted 
in practice, but the commoner procedure is to 
form the solid nucleus from the molecules in the 
solution. 

Since the attraction towards the centre of the 
crystal is least for molecules at the corners or 
edges, if the particle constituting the nucleus 
consists of only a few molecules the tendency 
for these to re-enter the solution is greatly 
increased (G. A. Hulett, Z. physikal. Chem. 1901, 
37, 3b5), and therefore such nuclei can only 
form jpontaneously in supersaturated solutions. 

Henry Miers and his collaborators (Phil. 
Trans. 1903, 202, 459-523 ; Proc. Roy. Soc. 
190 79, A, [322; J.C.S. 1906, 89, 1013; 
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1908, 98, 825) by their researches on the con¬ 
centration of solutions during the progress of 
crystallisation have contributed materially to 
our knowledge of the conditions under which 
nuclei will form spontaneously in a solution, 
and the requirements which must be fulfilled if 
crystals of uniform size are desired. 

From his observations Miers found that in 
addition to the ordinary solubility curve A, 
which divides the area between the X and Y 
axes into two portions such that if, at any 
given temperature, the molecular concentration 
of the solution is represented by a point below 
the curve A the solution will be unsaturated, 
if on the curve A saturated, and if above the 
curve A supersaturated, a second curve B, which 
has been termed the supersolubility curve, could 
be drawn which divides the supersaturated 
area of the diagram into two portions. 



The region between the saturation curve A 
and the supersolubility curve B is one of meta¬ 
stable equilibrium, whilst the region above the 
supersolubility curve is one of unstable- 
equilibrium. 

If the temperature and molecular concentra¬ 
tion of a solution be such that it will be repre¬ 
sented by a point in the metastablo then it will 
be found that nucleation will not occur, but if 
such a solution is “ seeded ” then these particles 
will tend to increase in size but not in number. 

The metastable region therefore is favourable 
to the growth of a crystal but not to the forma¬ 
tion of the nucleus upon which the growth 
takes place. On the other hand, if the tempera¬ 
ture and molecular concentration of a solution 
are such as to be represented by a point above 
the super-solubility curve in the labile region, 
then it will be found that as long as these 
conditions are maintained nucleation and 
crystal growth will occur simultaneously. This 
will result in a product consisting of a large 
number of cryst^s of varying sizes, since the 
nuclei first formed, being for a longer time in 
contact with the supersaturated solution, should 
have grown to a larger size than subsequent 
nuclei ; the smallest crystals being obtained 
from the nuclei last formed. 

The formation of nuclei by the cooling of a 
pure solution appears to be a characteristic 
quality of the molecules, for in some cases only 


slight undercooling will cause nucleation, whereas 
with other solutions great undercooling must 
be employed before the nucleus is formed. As 
the degree of undercooling increases, nucleation 
occurs more readily until a maximum is reached, 
but after this point intense undercooling results 
in diminished nucleation. Since the mean 
kinetic energy of the molecules diminishes with 
fall in temperature if this were the only factor, 
rate of nucleation would increase with lowering 
of temperature. Viscosity, on the other hand, 
regularly increases as the temperature is lowered, 
and it is therefore assumed that when maximum 
nucleation takes place the kinetic energy of the 
molecules and the viscosity of the solution are 
particularly favourable to the change from iso¬ 
tropic to anisotropic grouping. At lower 
temperatures the greater vicsosity of the liquid 
inhibits the change which is also hindered at 
temperatures above the maximum point by the 
larger movements of the molecules. 

With very rapid cooling it is possible to 
pass quickly through this point of maximum 
nucleation and reach a region where the viscosity 
is so great that crystal formation becomes 
impossible and when the solution will possess 
both high viscosity, great rigidity and, at the 
same time, be isotropic in character. 

The rate of nucleation is also greatly modified 
by the presence of even small quantities of 
impurities in the solution, some impurities even 
arresting the formation of the nuclei and others 
greatly increasing the degree of nucleation 
(G. Tammami, “ The States of Aggregation,” 
New York, 1925, pp. 225-251). 

Rapid cooling of the solution usually results 
in the production of a very large number of very 
small crystals and industrially this is sometimes 
of great advantage as in the preservation of 
food, where in the cold storage of food large 
crystals would tend to produce rupture of the 
cell walls. 

Crystallisation therefore depends upon two 
principal factors: (a) nucleus formation, and 
(d) subsequent growth of the crystal on the 
nucleus, and is employed on an industrial 
scale : 

(1) to remove a dissolved substance from 
solution ; 

(2) to separate a dissolved substance from a 
solution containing other substances; 

(3) to produce a dissolved substance from a 
solution in a marketable form. 

(1) Removal .—The removal of a dissolved 
substance from solution can in many cases be 
effected more economically by evaporation to 
dryness and where crystallising plant has been 
installed to remove a dissolved substance its 
installation was attributable to equipment suit¬ 
able for complete evaporation not being obtain¬ 
able. 

There are, however, instances in which 
evaporation to dryness, even with modern equip¬ 
ment, is an uneconomical or impossible means of 
recovering the dissolved material because of a 
factor such as the operating temperature 
being too high, in such cases crystallisation has 
to be used, 

(2) Separation .—When the object of the 
crystallisation process is to separate one 
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constituent from a solution containing two or 
more dissolved substances no general rules can 
be given regarding procedure, for a factor of 
great importance is the solubility relationships 
of the various substances ])resent in the solution. 

(3) Production of Marketable Crystals .—Here 
the process of crystallisation is employed to 
produce from a solution, in which it has been 
dissolved, a solid material for which there is a 
ready sale. 

Within recent years crystals of uniform size 
have comman<Jed a better market than con¬ 
signments of the same material in which the 
sizes of the individual crystals vary greatly. 
A reason for this demand is that adulteration of 
a quantity of crystals of uniform size is more 
easily detected than of a similar consignment 
consisting of crystals of widely varying sizes, 
because in the former case the adulterant, if it 
is not to bo easily detected by the eye, must 
consist of crystals having the same colour, 
shape and size as the other crystals. 

Crystallising Plants .—The production of 
crystals of a material from a solution in which 
it is dissolved can be effected in several ways by, 

(1) cooling the hot saturatexl solution ; 

(2) evaporating a solution until the con¬ 
centration of the dissolved substance is such 
that it will either promote nucleation and main¬ 
tain subsequent growth of the nuclei or main¬ 
tain the growth of seeding crystals added to the 
concentrated solution. This may be carried out 
at varying pressures either above or below 
atmospheric. Sometimes evaporation and cool¬ 
ing are combined in order to achieve the desired 
result; or 

(3) other methods, such as by addition of 
materials which alter the solubility of the 
dissolved substance in the solution, etc. 

Ceystalltsation by Cooling, 

The crystallising pan, one of the earliest forms 
of crystalhsers in which uncontrolled crystallisa¬ 
tion by cooling is carried out, is a long rect¬ 
angular trough made of materials which will 
resist the action of the solution from which the 
crystals have to be formed or if attacked by this 
solution wiU not spoil the colour of the crystals 
obtained or mar the product by the presence of 
too much impurity. Such tanks are often 
made of cast iron or of wood lined with lead, 
tin, zinc or other suitable metal, and provided 
with rounded corners, and having the bottom of 
the tank sloping towards the outlet. Into such 
a vessel is run the mother liquor at such a 
temperature and concentration, which have 
been previously determined for the particular 
solution, as will yield the best results. When 
cooling is complete the liquid is run off and 
the crystals which are usually adhering to 
the sides and bottom of the tank removed by 
hand or mechanical scrapers. Sometimes 
threads or wires are suspended from rods placed 
across the tanks upon which crystals are formed, 
although when threads are used their entangle¬ 
ment, produced by convection currents in the 
cooling liquid, often results in large crystals of 
very irregular shapes. Often, too, with this 
method of crystallisation, irregular crystals are 


produced by the convection currents carrying 
very small crystals to the surface of the liquid 
whore they are supported by the surface tension 
of the liquid until they have grown so large 
that their weight is greater than this supporting 
force. During the time that they are thus 
suspended those surfaces of the crystal which are 
completely submerged in the liquid will grow in 
a normal manner, whilst the growth on the 
other surfaces which are not completely in 
contact with the liquor will be abnormal. 
The shape, therefore, of such a crystal will not 
be regular. 

Since in the crj^stallising pan described above 
the cooling is effected by (a) evaporation at the 
free surface of the liquid or (b) by conduction 
through the walls of the vessel, and tlu^ tem¬ 



perature gradient across the walls is chiefly 
maintained by the natural convection currents 
set up within the liquid as it cools, the cooling 
in this manner is very slow. To increase the 
loss of heat from the sides of the vessel and so 
increase the rate of cooling mechanical agitation 
is often employed. Such a plant for un¬ 
controlled crystallisation by cooling shown in 
Fig. 2, consists of a cylindrical vessel with an 
inverted conical base at the lowest point of 
which is fixed the outlet valve and pipe. 

Within the cylinder is an agitator e carried by 
a shaft a driven by bevel gearing mounted on 
the cover of the crystalliser which is also 
provided with an inlet for the mother liquor, 
a pressure gauge and atmospheric valve, whilst 
if the solvent is a valuable or harmful material 
an opening can be arranged for the removal and 
recovery of the vapour. Since the crystals 
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usually form on the inner surface of the cylin¬ 
drical shell and reduce the flow of heat from the 
vessel, Fig. 2 also illustrates a method, 
namely, by attaching brushes or scrapers/ to the 
agitator, of preventing tliis increased resistance 
to the flow of heat througli the cylindrical walls. 
The lower portion of this crystalliser is also 
provided with a jacket through which a cooling 
liquid can be (urculated, and if a highly con¬ 
centrated solution has to be cooled a strong 
agitator must be fitted, and in some instances 
means j)rovidcd for the removal of the crystals 
shortly after they are formed. 

Another crystallising apparatus, the Passburg, 
suitable for producing low temperatures such 
as are used in the formation of crystals of 
potassium chlorate, is shown in Fig. 3, In this 
plant the mother liquor enters the left hand 
crystallising vessel through the pipe K. This 
vessel is provided with a jacket through which 


the cooling liquid circulates and to maintain a 
high coefticient of heat transmission is fitted 
internally with a set of revolving brushes, J, 
which remove the crystals from the cooled walls. 
They then fall into the conical base of this cooler, 
from which they can be discharged through the 
valve L into the centrifugal. 'I’hc cooled mother 
liquor leaves near the bottom of the vessel, and 
passing upwards through the imdined M is 
discharged into the right-hand cooler 11. Into 
this cylinder is fitted a spiral coil 0, the lower 
end of which is coupled to the cr>ole]’ B, which is. 
connected with the pressure side of the com¬ 
pressor A. The outlet of this coil is at the top- 
and is connected by the pipe E with the suctioni 
valves of the comj)ressor; the coil, cooler, and 
compressor thus (‘onstituting a refrigerating, 
system. Brushes arranged on a central shaft 
whi(di is rotated through suitable gearing P’ 
fixed to the cover of this vessel remove the* 



crystals from the surface of the cooling <?oil. 
A conical cover is fitted at the bottom of this 
cooler wdiich collects the crystals removed from 
the cooling surface. By opening the valve G 
at the lowest point of this cover, these crystals, 
together with some of the mother liquor, can 
enter the centrifugal where separation is 
efiTected. The cold liquid leaves this cooler at 
the bottom and passes to the bcjttom of a smaller 
cylinder, H, also fitted with a conical base, 
having a valve at the lowest point. Whilst 
slowly ascending this cylinder some crystal 
growth occurs and this crop of crystals together 
with some mother liquor is, at regular intervals, 
discharged into the centrifugal. On reaching 
the top of this cylinder the mother liquor passes 
through a pipe into the foot of the jacket of the 
first cooler. After ascending this jacket and 
thereby cooling the incoming liquid this cooling 
solution leaves the crystalliser by the pipe N. 

The orystallisers described above operate 
VoL. Ill,—29 


intermittently and are sometimes designated 
batch crystallisers, but there are others, w'hich, 
still adoxJting the principle of cooling the 
solution, operate continuously. 

Sometimes crj^stallisers belonging to this 
group consist of a trough having a semi- 
cylindrical base and fitted with a spiral agitator 
mounted on and driven by a shaft the axis of 
w'hich coincides with the axis of the trough. 
In another type of uncontrolled crystalliser the 
! hot concentrated solution is run into a shallow, 
rectangular tray. Dipping into this tray is a 
hollow cylinder wdth its axis horizontal. Through 
the trunnions supporting this cylinder pass 
pipes for the admission and removal of the 
cooling liquid. By means of a ball-valve the 
hot concentrated solution in the tray is kept at 
such a level that the rotation of the drum causes 
its outer surface to bo covered by a thin film of 
liquid from the tray. Contact v ith this cooled 
surface causes the crystals to form on the surface 
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of the drum from which they are removed by 
scrapers or doctors placed as shown in Fig. 4, 
which gives an end view of the film or dipjiing 
drum typo of crystalliser which is continuous 
in operation. The examples given illustrcite 



Fio. 4. 


the main features of crystallising x>l^»'nts for 
uncontrolled crystallisation by cooling. 

Another continuous crystalliser employing 
this principle is representi'd by the Swenson- 
Walker cr 3 ’stalli 8 er, Fig. 5, which consists of an 
open trough having a semi-cylindrical base 
and yilaccd with its axis horizontal. The axis of 
the trough coincides with the axis of a shaft B, 


which extends the whole length of the trough 
and carries the worm or ribbon conveyor C, 
being driven by means of a worm and worm 
whciol I) supjiorted on the end at which the hot 
solution is admitted. Surrounding the lower 
portion of the trough is a jacket E through 
which the cooling liquid can circulate. These 
crystallisers are usually made in sections 10 ft. 
long, four sections being bolted together to 
produce a trough 40 ft. in length. The outlet F 
of the jacket of one section is connected by an 
inverted U-tube, G, to the inlet of the next 
section, H, the jirocess being rejieated until all 
the jackets are connected in series. Counter¬ 
current flow of the hot solution and the cooling 
liquid is thus assured. The end plate of the last 
section is fitted with a wear, K, over which the 
cooled liquid and crystals flow, either into a 
centrifugal machine if cr^^stallisation has been 
completed or in series through one or more 
similar crystallisers if further cooling is desired 
before the solution and crystals formed are 
finally separated usually by centrifuging. A 
variant of this tyj.)e of crystalliser sometimes 
adox>ted is a long tube which is mounted and 
driven in a similar manner to a tube mill. The 



Fia. 5.—First and Last Sections of Swenson-Walker Crystalliser. 


hot solution enters at one end and the cooled 
solution leaves at the other, a stationary screw 
conveyor or plates arranged spirally on the 
inner surface of the tube being emiiloyed to 
move the crystals to the outlet end. 

Rotating conveyors in these cr^^stallisers unless 
carefully adjusted are liable to break a number 


trough the solution, which is admitted at 
the highest i)oint, in its passage through the 
cr^’^staliiscr must follow a sinuous path before it 
reaches the outlet placed in the lower end 
Xilate. 

Rocking of these crystallisers is effected by 
suitably controlled hydraulic rams or by 


of the crystals thus forming additional 
nuclei and so give an output of crystals 
of varying sizes. 

In an attempt to reduce this 
attrition of the crystals to a minimum 
and so XJrodu(3C a uniform product, the 
Wulff and Bock or rocking crystalliser 
has been developed. 

Such a machine consists of a long 
trough ux) to 100 ft. in length and sup- 
Xwrted so that its axis is shglitly 
inclined to the horizontal. Fig. 6 
represents a view"^ of such a crystalliser 
and show's the rockers or rings, the 
rollers which support them, and the 
bracing between the trough and the 
rockers and each x>air of rockers. The 
trough is designed so that as it is 
rocked to and fro the solution will 



not be ejected over the edges and is Fig. 6 . —Wulff and Bock Crystalliser. 

fitted with a series of transverse vertical 


baffle plates which divide the length of the electrically driven rocking gear. Special atten- 
trough into a series of compartments. As these tion should be given to the strength of the 
jjartitions do not extend across the trough, machine because at the points of reversal of 
but are arranged to provide openings alter- rotation large stresses can be set ux> in the 
natcly on the right and left hand sides of the structure. 
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Another erystallisor in which crystallisation is 
effected by cooling a saturated solution whilst in 
motion is the Howard Crystalliser, of which 
Fig. 7 represents a diagrammatic view. This 
apparatus is formed of three truncated conical 
vessels placed one above the other and having 
their axes in line. The lower two vessels are 
provided with jackets, whilst in the upper 
vessel there is a coiled tube. The saturated 
solution is admitted to the lowest vessel B 
through the pipe A, and after filling this vessel 
rises into the middle vessel D through the short 
tube C. 

Inside this vessel is another conical chamber, 
K, within which is a pipe, for the removal of 
cooling li(|uid, which extends nearly to the 



Fi(^. 7.—Howard Crystalliser. 


bottom of this vessel. The taper of this conical 
vessel is such that in the ascent of vessel T) the 
sectional area of the annulus formed by these 
two vessels continually increases. In this way 
the velocity of the liquid rising in vessel 1) is 
being continually reduced and so only crystals 
of a definite size are capable of falling into the 
vessel B. Cooling liquid is admitted to the 
jac^ket of vessel 1) at F, and removed at G, 
whilst the cooling liquid for vessel E is admitted 
at H and removed at K. On reaching the top 
section, L, crystal growth is stopped by circulating 
a hot liquid through the coils which heats the 
surrounding liquid before it flows over the w^eir 
fixed at the top of this vessel and so reaches the 
outlet M. Hot liquid is also circulated through 
the jacket of vessel B, entering at N and leaAung 
at P, and this maintains the temperature of the 
liquid in B at such a point that no further 
growth can take place on the crystals in this 
vessel. The lower end of B is connected to a 
salt box or boot of an elevator by which the 
crystals can be removed from the plant. 


Formation of crystals by hot solutions can also 
be effected by forcing the solution in the form of 
a fine spray into a cooling tower or by making 
the solution fall in the form of drops through a 
current of cold gas or air which is drawn through 
a duct (“ Her Cheraie Ingeuiour,” vol. 1, part ill, 
pp. 203, 204). 

Crystallisation by Evaporation. 

An early type of plant for this purpose 
resembles the tank crystalliser used for un¬ 
controlled crystallisation by cooling, but in this 
case the tank is arranged in a brickwork setting 
so that hot gases from a furnace placed in the 
setting at one end of the tank can pass over the 
walls and bottom of the tank and heat its 
contents. Sometimes these tanks are provided 
with a series of parallel tubes placed near the 
bottom of the tank and fixed between the end 
plates of the tank through which the hot gases 
from the furnace, placed at one end of the tank 
can pass on their way to the chimney. During 
both the cooling and evaporating methods 
employed in crystallising pans, vapour is evolved 
at the free surface of the liquid and if still air 
<‘ondition8 are maintained, above the pan, the 
following formula, devised by J. W. Hinchley, 
enables the rate of evaporation of the solution to 
be determined : 



where W=--weight of liquid evaporat-tjd in 
kilograms ])cr hour jxt sq. metre of surface of 
the liquid; vapour pressure of the solution 
in mm. of mercury at the temperature under 
consideration; pressure of the aqueous 

vapour in the atmosphere of the factory; and 
A—constant, depending on the solution under¬ 
going evaporation. 

If air currents are directed over the free 
surface of the liquid then tlie work by 
Hinchley and Hiiiius (Trans. Inst. Chem. Eng. 
1924, 2, 57) and other workers (Hirnus, ibid, 
1929, 7, Ififi; Powell and Griffiths, ibid, 1935, 
13, 175) shows how the evaporation can be 
determined for a given sot of conditions. 
With this typo of crystalliser the movement of 
the liquid is largely due to convection currents, 
and therefore the growth of small crystals, which 
are retained at tlie free surface by the surface 
tension of the liquid, will not occur in a regular 
manner. 

Evaporators can be used to concentrate the 
solution, which may then pass into a cooler, or a 
vacuum pan, where the crystallisation is carried 
out, or the arrangement may be such that the 
crystals are formed in the evaporator or separa¬ 
tor of the plant and are subsequently withdrawn 
after the removal of the surplus mother liquor. 
Usually the latter type of plant is referred to as a 
salting evaporator and has a special field in the 
production of fine-grained crystals. 

When evaporators are used to concentrate the 
solution either for the coolers or vacuum pans 
any of the different typos of heating may be 
employed, but in the salting evaporators vertical 
tubes are used in the heating element. The 
commonest forms, are a series of vertical tubes 
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extending between two tube plates with a large 
central downcomer, the basket type of heater, 
and the individual heater or calandria of the 
climbing fdm typo. In the first two types the 
lower cover attached to the evaporator shell is 
conical and its lowest point connected with the 
device for removing the crystals. Sometimes 
when a central downcomer is employed forced 
circulation of the liquor in the evaporator is 
produced by means of a propeller placed at or 
near the bottom of this tube. In the conical 
base below the heaters is a region in which the 
solution is comparatively quiescent and in 
which growth of crystals can ]U“oceed until they 
are able to fall into the receiver. When a 
separate calandria or heater is employed the 
hot liquor has to be discharged into a separator 
where the vapour produced during its passage 



Fig. 8. —Borskc Saltverker Crystalliser. 

through the heater or generated from the super¬ 
heated liquor by the reduction in pressure, is 
separated from the liquor. At the bottom 
of this separator means are provided for the 
recovery and removal of the crystals produced 
and the return of the liquid to the calandria for 
further heating. 

An important development in the subject of 
crystallisation by evaporation was published in 
Chom. Trade J. and C. Eng. Jan. 16, 1925, 
when a crystalliser developed by the A. S. de 
Borske Saltverker of Bergen for the production 
of coarse-grained salt for fishery work was 
described. 

Fig. 8 illustrates diagrammatically the early 
form of this crystaUiser. In this arrangement 
of the plant the solution is drawn through the 
heater A by the pump B and forced through the 
valve C into the bottom of the chamber D. 


At the bottom of this chamber is a perforated 
plate u})on w’hich a quantity of crystals have been 
placed. During its passage through the heater 
the liquid becomes superheated due to increased 
pressure produced by the increase in the head of 
the liquid and no vapour is generated until it is 
near to the free surface of the liquid in 1). If 
the solution is saturated the evolution of vapour, 
which escapes through Ill, causes tlie remainder 
of the liquid to become supersaturated. Part 
of this again passes through the heater and 
is again superheated, the cycle being thus 
continuous. Thus the crystals on the perforated 
jilat-e are always in contact with a super¬ 
saturated solution and wall increase in size. 
Moreov(‘r, the liquid from the cent rifugal moving 
upwards w ill keep these in suH[>ension until they 
attain such dimensions that they can overcome 
the upthrust of the rising liquid, when they will 
fall into the tube F connected with the shoe of 
the bucket elevator G, by which they are 
removed from the crystalliser. Liquid is fed 
continuously to the crystaUiser through the pipe 
H, and by adjusting the valves on the pipe M 
and the discharge from the centrifugal pumpC, 
the upward tlow of liquid in the pipe F and 
through the perforated plate can bo regulated so 
that only crystals of a definite size fall into the 
shoe of the elevator. 

An alternative method of removing the 
crystals, employing crystal boxes, is show'ii at K. 
If desired several of these can be arranged 
so as to remove the (Tvstal from several points 
round the perforated plate. Here again the 
feed which is admitted by the pipe L provides 
the upward flow which regulates the size of 
crystal entering the box. When several boxes 
are employed, then by closing the feed valve 
and th(^ valve M and opening the valve N 
the crystals can be discharged from each box in 
turn and thus produce the minimum disturbance 
in the running of the plant. 

The bucket elevator and the crystal box are 
two common methods of removing the crystals 
from salting evaporators. When the bucket 
elevator is used the casing enclosing the buckets 
must be liquid-tight and must extend to such a 
height that the hydrostatic jiressure produced 
by the head of cool liquid above the bottom of 
the shoe will always be equal to the pressure on 
the free surface of the liquid plus the pressure 
duo to the height of the hot liquid measured 
from the same datum level. Two or more 
crystal boxes are usually provided, so that 
whilst one is being emptied of its crystals the 
crystals which are being formed can collect in 
the others. 

A modified form of the crystalliser shown in 
Fig. 8 is the Jeremiassen or Oslo crystalHser 
(J. H. Perry, “ Chemical Engineering Hand¬ 
book,” 1934, 1484), Fig. 9. In this plant the 
liquid, .after being superheated in its downward 
passage through the heater A is forced by the 
centrifugal pump B into the vessel C, where 
evaporation takes place as the result of the 
reduction in pressure. 

Removal of solvent from a saturated solution 
at this point results in the solution becoming 
supersaturated and this falls by the pipe D 
into the crystalliser E. As the lower end 
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of the pipe I) passes through a perforated 
plate fixed near the bottom of the crystalliser 
and upon which tiie seed crystals are supported, 
the supersaturated solution discharged by I) 
must by its upward passage through the plate 
maintain the crj^stals thereon in 8us])ension 
until they attain such dimensions that they can 



Ftc;. 0.—Jeremiasscn or Oslo Crystalliser. 

fall against the ascending stream on to the 
perforated plate. On opening the valve G 
these crystals enter the crystal box F, and can be 
withdrawn from the crystalliser whilst the 
solution rising to the top of the crystalliser 
again is superheated by passing through the 
heater A. Jdquid is supplied to the crystalliser 
through the pipe H, the feed being either of a 
continuous or intermittent nature. 

Crystatjjsatton under Reduced 
Pressure. 

In some industries, notably the sugar industry, 
the concentrated liquid is pumped into a 
vacuum pan where the final water is evaporated 
under reduced pressure and the crystal formation 
effected. 

Vacuum pans closely resemble evaporators, 
the heating elements being either coils or one 
of the various typos of tubular heaters. Syrup 
fed to these vacuum pans has a high viscosity. 


so that it becomes practically impossible for the 
crystal of sugar to settle in the licpior and there¬ 
fore special attention must be given to maintain¬ 
ing good circulation of the li(j[uid in the pan. 

When coils are used IVu’ heating the liquid 
the 8j)acing between the top (ioils shouhl be 
greatest and gradually diminish in the lower 
layers. Heaters having large vertical tubes also 
materially assist circulation, w'hilst an essential 
feature of such ])ans is a downcomer of ample 
cross-sectional area. 

Another inij)ortant factor in operating such 
pans is the vacuum, for it is generally conceded 
that a high vacuum results in crystals of soft 
grain whilst hard grain crystals arc obtained if a 
low vacuum is employed. Usually in the sugar 
industry the working pressure in the vapour 
spacer of the vacuum })an is below 3^ lb. per sq. 
in. {ibsolute. If the viscosity of the saturated 
solution is low, then in crystallisers of this type 
small crystals are produced because the crystal 
once Ibrmed tends to sink rapidly through the 
solution. To jwoduce large crystals in such a 
plant the problem is largt^ly to maintain these 
small crystals in (!ontact with tlic’supersaturated 
solution for sufficient time to allow of their 
growth to the size re(piir(;d. 

In the vacuum cr;ystalliser, however, another 
principle is involved. If a saturated solution at 
a ttunperature corresponding to its boiling-point 
at atmosj)heric or higlun* pressure is admitted 
to a vessel within which there is a lower pressure, 
the solution wjil be at a higher temperature t han 
a similar .solution boilijjg at the lower pressure 
This superheated fihjuid will lall in tem})eraturo 
to tlu^ boi]iug-})oint of the liquid at the lower 
pressure and thc‘ heat; thus rendered available wall 
I cause some of the solvent to va})orisc. Tlie 
remainder of the Holutif)n will theredbre become 
supersaturated and crystallisation or (uystal 
growth will occur. Sinh a method cools the 
solution without transferring the heat to be 
dissipated through the walls of the container, 
and can bo used for cooling nearly all aqueous 
solutions and many solutions in which organic 
solvents arc ein])loyed. Coudeiisation of the 
vapour evolved in a suitable condemser main¬ 
tains the requisite pressure in the crystalliser 
and allows the .solvent to be recovered. This is 
particularly advantageous when organic solvents 
are employed. es})ecially in large-scale opera¬ 
tions. Fig. 10 (Griffiths. Chem. Eng. Group 
Pro(’. 1924, 6b, 9) illustrates a vacuum 

crystalliser of the rockcir type?, the hot saturated 
solution being admitted by a ])ipe passing 
through the end plate at the higher end, whilst 
the cooled solution together with the crystals 
are removed through suitable openings in the 
lower end plate. Connections are also provided 
on this plate for the removal of the vapour 
evolved. 

Another vacuum erj^stalliser (Badger and 
McCabe, “ Elements of Chemical Engineering,” 
1931, p. 418) is shown diagrammatically in 
Fig. 11. Here the hot saturated solution enters 
at A into the vessel B in which the pressure is 
less than atmospheric and as a result an amount 
of vapour is evolved which is removed through 
C to the condenser or vacuum pump by which 
the reduced pressure in B is maintained. The 
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supersaturated solution thus formed permits of of the mother li(|uor so the rate of evaporation 
crystal growth and the rapid evolution of vapour or rate of cooling or both must be progressively 
from the entering solution keeps the licpiid in increased as the crystals grow in size. 

Let di=mcan dimension of the 



Fig. 10. 


small crystals; dimension 

of the larger crystals grown from 
the smaller; n==number of faces on 
each crystal; N -number of crystals 
under consideration; Sj- total sur¬ 
face of the small crystals; 83 ^=^total 
surfac;e of the large crystals; 

w(‘ight of matfTial crystallised 
per unit area of surface per unit time. 

With (controlled crystallisation the 
crystals increase in size but not in 
number, so that N is constant. The 
mean dimensions of the crystals are 
such that 7 n/j^ ecjuals the surface of 
one of the small crystals and the 

surface of the large crystal. 

Total surface of small crystals 
=■ 8 ^ 

'Fotal surface of large crystals 


the bottom of B suificicntly agitated that a 
certain amount of growth must occur before 
the crystals are capable of falling through the 
barometric h^g D and into the vessel E. All 
the time that the cr^^stals are desc'ending 
the tube I), they remain in contact with the 
supersaturated solution. On reaching the 
bottom of E the solution and crystals are trans¬ 
ferred by the punipF to the settler G, and from 
thence to one or other of the centrifugal machines 
H for final separation of the (Tystals from the 
mother licjuor. The overflow from the settler 
and the discharge from the centrifugals are 
returned t (7 the vessel E, which is yjrovided with 
an outlet K for mother liquor free from crystals. 

Other Methods. 

Since crystal formation depends upon first, 
either the formation of nuclei or the addition of 
small seed crystals to the solution and, secondly, 
keeping the concentration of the solution at the 
working temperature in the metastable region if 
crystal size is the object or in the supersaturated 
region if fine crystals of varying sizes art' 
desired, any method such as the adsorption of 
the solvent or the addition of some material to 
the mother liquor which diminishes the solubility 
of the substance, which it is desired to crystallise, 
in the solvent are means by whitdi crystal 
formation can be effected. The addition of 
impurities to the mother liquor, however, even 
in small quantities affects materially both the 
rate of crystal formation and the rate of crystal 
growth. 

As impurities inhibit the growth it is usual 
therefore in industrial practice to yjrefer one or 
other of the three methods outlined above as the 
principle upon which the crystalliser operates, 
rather than by introducing impurities to change 
the solubility of the dissolved material in the 
solvent. 

Conditions during Crystal Growth 

If the rate at which the material is deposited 
on the faces of the crystal is to be kept constant, 
it is necessary to maintain the same concentration 


- 82 

Weight ()1 nniterial removed jun* unit linu' by 
nail crystals d-^^n . 
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Weight of material removed per unit time by 
largo crystals- 

This shows that for a constant rate of deposi¬ 
tion on the crystal surface much more material 
will be removed from the solution by large 
crystals than by small crystals in the same 
time; therefore the rate of cooling or the rate of 
evaponition or both must be progrc'-ssivoly 
inoreas(Hl with the size of the erystal if the 
concentration of the solution is not to fall 
rapidly to the saturation lino when furtht^r 
growth beciomes impossible. 

S. G. M. U. 

CRYSTOLON (CARBORUNDUM) v. 

Abrasives. 

CUBAN ITE. A copper ore with the 
composition CuFegSg (Cu 23-4%). It is usually 
massive with a brass-yellow or bronze-yellow; 
colour and intimately intergrown wdth chaleo- 
pyrite, j)yrrliotine, etc. 8 p.gr. 4-1, hardness 
3^. The mineral was first described by A. 
J^reithaupt in 1843 irom Barracanao in Cuba 
(hence the name), and soon afterw^ards recog¬ 
nised from Tiinaberg in Sw'cden. It was 
long regarded as a rare mineral, supposed to be 
cubi(i in crystallisation, until polislied se( 4 ion 8 of 
onss came to be examined by the metallographic 
method, when it was found to be of wide 
distribution. Jt was also found to bo aniso- 
tropi(!, and tluTcfore not cubic, and was 
identitied with the small orthorhombic crystals 
of tlie sajm^ composition from the Morro Velho 
goltl mine in Brazil, which E. Ilussak in 1902 
named chabnarsite. Larger crystals have since 
been found at Sudbury in Canada (M. A. PeacocL 
and G. M. Yatsevitch, Amer. Min. 1936, 21, 
55). 

L. J. S. 

CUBEBOL. The scscpiitcrpene alcohol, 
cubchol, C 15 H 26 O, m.p. 61-62'', occurs in oil of 
cubebs (Henderson and Robertson, J.C.S. 1930, 
iil08). it yields n pbcnylurHhane, m.p. 186° and 


an a-naphthylurethanef m.p. 197-198’5°. Its 
structure has not been determined and it does 
not appear to be identical with cubeb-camphor 
examined by Blanchet and Sell, (Annalen, 
1833, 6, 294). 

J. L. S. 

CUBEBS, ESSENTIAL OIL OF. The 

oil distilled from the dried, full-grown, unripe 
fruits of Piper cubeha Linn. (Earn. Piperaceai), a 
tree indigenous to the Malay Archipelago, 
chiefly Java and 8 ingapore ; yi(dd 10-15%. 
Other piperaeeous fruits resembling cubebs 
are sometimes found in commerce. 

Constituents. —Pinene, dipentene, and cadin- 
ene hav^e bet‘ri detected, and a sesquiterpene 
alcohol cubeb-camphor (m.p. 67°), which is 
sometimes separated from old oils. Ilic blue 
colour is j)robably due to the j)resence of 
azulene. 

Characters .—A greenish or greenish-blue oil, 
sp.gr. 0*910 to 0*930, optical rotation —25° to 
—40°, ref. ind. 1*486--1*500. Soluble in 10 
volumes of 90% alcohol. 

C. T. B. 

CUCUMBER. Th(^ fruit of (.' ur u mis 
sativus Linn. The composition of the 
cucumber varies partir-ularly with size and with 
growth conditions, notably the level of supply of 
nitrogen to the roots (Dearborn, Cornell Agric. 
Exp. 8 ta. Mem. 1936, Mo. 192). lleinze (Z. 
Nahr.-Gonussm. 1903, 6 , 529, 577) retJords the 
following analyses : 

Other 

Pro- (flu- Cano carbohy- 

Watcr. toil!. Fat. cose, sugar, drates. Fibre. Ash. 

% % °o °c) 'n) °o % 

Small 96'**6 0*81 0*09 0*00 0*10 1*44 0*58 0*34 
Large 95*8 0*67 0*09 0*66 0*09 1*60 1*65 0*42 

Dearborn (l.c.) shows tlui composition of the 
whole plants on a somewLat different basis (as 
percentage of dry mattei ): 



Stems. 

Lcavo.s. 

Fruits. 

Soluble solids. 

0 / 

/o 

23*6-26*7 

0 / 

15*2-22*8 

‘/o 

58*9-58*3 

Soluble N. 

0*212-0*562 

0*151-0*365 

0*304-0*710 

Insoluble N. 

0*794-1*349 

1*50-2*97 

0*961-0*994 

Amino- N. 

0*050-0*098 

0*025-0*073 

0*102-0*245 

Amide- N . 

0*019-0*020 

0 * 011 - 0*020 

0*030-0*049 

Nitrate- N . 

0*026-0*250 

0*018-0*077 

0*034-0*021 

Lipin -N. 

0*003-0*000 

0*027-0*064 

0*004-0*041 

Residual N. 

0*014-0*193 

0*074-0*139 

0*1.33-0*252 

Reducing sugars. 

8*12-4*15 

1*30-1*95 

47*9-45*1 

Non-reducing sugars. 

1*10-1*23 

0 * 12 - 0*10 

0*29-0*00 

►Starch. 

6*81-4*58 

2*25-0*34 

1*61-1*72 

Acid-hydrolysablo polysaccharides 

2*99-2*89 

12*01-4*81 

2*79-2*65 


Of the two figures given for each value the first 
refers to plants grown with a restricted, and the 
second to those grown with a generous, supply 
of nitrogen in the soil. According to M. 
Kitahara (J. Agric. Chem. Soc. Japan, 1936, 
12, 595) the principal sugars are glucose and 
fructose. In hot water extracts of the fruit 
Yoshimura and Nishida (J. Chem. Soc. Japan, 
1924, 45, 49) found adenine, trigonelline, and 
arginine. 


Analysis of cucumber seeds is reported by 
Einhom et al. (Maslob. Shir. Delo. 1929,45, 44) as 
water 8*0, protein 29*7, fat 31*5, sugars, starch, 
etc. 1*9, pentosans 4*7, cellulose 13*9, pectins 
0*6, phytin 1*1, lecithin 2*6, ash 3*9, P 2 O 5 
2*25%. The oil contains fatty acids, com¬ 
prising stearic acid 3*72, palmitic acid 6 * 8 , 
oleic acid 58*5, linolic acid 22*3%, and exhibits 
the following characteristics: djg 0*9251, 
ref. ind. 1*4761 (25°), solidifying pt. -3*5°, 
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saponification value 1911, iodine value 115*3, 
Reichert-Meissl value 0*5-1*05, Polenske value 
0*87, acetyl value 16*6, acid value 3*5-10*7. 

The composition of the ash of cucumbers 
varies considerably with the manner and 


locality in which they are grown. The following 

data are 

representative values ; 


Kp 

Nap 

CaO MgO 

Fep., 

0/ 

/o 

0/ 

/O 

0/ 0/ 

/() /o 

W 

/o 

38-51 

4*95 

6*4-70 32-4*5 

0*8 

P2O5 

SO;, 

SiO,, 

Cl 

/o 

9/' 

/o 

0/ 

/o 

0/ 

/o 

13-19 

r)* 5 -r)* 

5 4-2-80 

64-9-2 


Small ])roportiona of manganese, copper, and 
zinc arc also recorded by various analysts. 

A. C. Po. 

CUDBEAR. A purplish-red powder em¬ 
ployed as a colouring agent, obtained by digest¬ 
ing Jiocella lichen with ammonia. 

CULLEN EARTH or COLOGNE 
EARTH. A variety of brown coal or lignite, 
of limited use as a pigment. 

CUMENES, CqHi 2- The name cumene, 
originally given to propyl benzene to indicate 
its (connection with cumic! acid, from which it 
was obtained by distillation with lime, is 
frecpiently used as a generic term including 
any of the isomeric benzene hydro(‘arbons of the 
formula Cj)H,2* Tlu'ory pn'dicts the existence 
of eight of these, all of which have b(!en found 
in coal tar oil. 

Propylbenzenes. —(1) Normal Propyl* 
benzenl: ( 7?-cumene), CqH 5*CH2CH2*CH3. 
7i-Prop3^1 benzene may be obtained by the 
general methods applicable to the formation 
of alkyl benzenes. It is conveniently prepared 
(70-75% yield) by the action of diethyl sulphate 
on an ethereal solution of PhCHgCl (“ Organic 
Synthesis,” New York, 1925, vol. 4, p. 59). 

Allyl eyeZohexano wnth platinised charcoal at 
200°C. is converted to a mixture of propylci/do- 
hoxano and propylbenzene (Levina and 
Tzurikov, J. Gen. Chem. Russ. 1934, 4, 1250). 
The equilibrium : 

CeH3CH2CH2CH3+3H2 

^CeHn-CH.CH.CH, 

in the presence of a-palladium catalyst has been 
investigated {ibid. 1933, 3, 718), 

Propylbenzene (b.p. 157'^) has normal aro¬ 
matic re^activity. Also it is interesting that 
it reacts with carbon tetrabrornide giving 
CgHg-CHBr CgHr, (Hunter and Edgar, J, 
Amer. Chem. Soo. 1932, 54, 2025), and w*ith 
chromy] chloride, giving a double compound 
that on decomposition with water yields benzyl 
methyl ketone (von Miller and Rohde, Ber. 1890, 
23, 1070). Vigorous oxidation converts propyl¬ 
benzene to benzoic acid. A number of papers 
on the nitration of alkyl benzenes studied from 
the point of view of modern electronic theories 
have recently appeared in the Journal of 
the Chemical Society : j^-Z^opropyltoluene—Le 
F(5vre, 1933, 980; p-ethyltolucne—Brady and 
Bay, 1934, 114; n*propylbenzene—Brady and 
Cunningham, 1934, 121; ^j-ferLbutyltoluene— 
Brady and Lahiri, 1934, 1954. 


(2) iaoPROPY'LBENZENE (Cumene).—E orma* 
tion. Cumene may be synthesised by many 
general methods. It may be prepared by the 
action of fsopropyl sulphate on phenyl mag¬ 
nesium bromide (Bert, Compt. rend. 1923, 176, 
840), by ('ondensation of t^opropyl alcohol and 
benzene in tlie presence of concoritrated sulphuric 
acud (Moyer, ]\loTiat8(4i. 1929, 53, 54, 721) and 
by condensation of u'opropyl chloride and 
benzene in the presence of a little aluminium 
(•hlorido (Kadziewanowski, Ber., 1895, 28 1137). 
it is also readily obtained by boiling 1 part of 
j>-(yinenc, 10 parts of bcmzeiie, and 0*05 part of 
aluminium chloride for 10 hours, w^ashing w ith 
w'ate^r and fractionating (Bcedtker and liaise. 
Bull. Soc. Chim. 1916, [iv], 19, 447): 

CoH^MePr^+CjHo-^CeHjMe 1 CjHjPr^. 

Cumeuo is formed with other propyl benzenes 
l)y the alkylation of benzene with prof)y]ene 
using various catalysts, e.g. H2SO4 or H3P0, 
(U.S.B. 2006541) or BF3 (Nieuwland et al., J. 
Amer. Cliem. Soc. 1935, 59, 1547). Cumene is 
produced when the vapours of certain terpenes 
are passed over heated medals (Ni, Cu) (Sabatier 
et f.'om])t. rend. 1919, 168, 671 ; 1919, 

162, 929). It occurs in coal tar (Schultz, Ber. 
1910, 43, 2517) and in American petroleum 
(Mabcry and Dunn, Amer. Cluun. J. 1896, 
18, 215). The pre})arati()ii of cumene from 
pro])yl bromide, benzene, and aluminium chlor¬ 
ide, and that of cynicnc from 7;-bromot()lii(;ne, 
normal propyl bromide, and .sodium (Fittig, 
Sdiafcr, and Konig, Annalcn, 1869, 149, 331) 
was for a long time the cause ol‘great confusion 
in ascertaining the constitution of mcmlKjrs 
of the ('uruene and cymene groups, as it was not 
r(‘alisod that in each (“aso the proj)yl- grouj) 
changed into the ?«opropyl- group owing to the 
temperature of th(‘ reaction not being regulated. 

Cumene has b.p. 152*6'^-152*8'^/759 mm., d\^ 
0*862. Witli (ert-hniy\ alcohol and con(‘entrated 
sulphuric acid cumene yields butyl cumene 
(H. Barbier, 14icme Congri^s de Chimie Industri- 
clle, I^aris, Oct. 1934). Vigorous oxidation of 
cumene yields benzoic acid. With cliromic acid 
or permanganate in glacdal aeetic acid, phenyl 
dimethyl carbinol is produced (Bcedtker, 
Bull. Soe. Chirn. 1901, [iii], 25, 846). Cumene 
reacts with chromyl chloride in carbon di¬ 
sulphide solution, giving an addition compound 
whi(;h on decomposition with water gives 
hydratropic aldehyde, CgH^-CHMe-CHO, and 
acetophenone (von Miller and Rohde, Ber. 1891, 
24, 1357). Dilute nitric acid {d 1*075) in a scalcci 
tube at 105”C. reacts with cumene, giving jS- 
nitro-jS-phenylpropane (Konow^alow, Ber. 1894, 
27, 468; 1895, 28, 1856). 

Cumene may be nitrated and sulphonated in 
the usual way (Gibson, J.C.S. 1920, 117, 948; 
Bert and Dorier, Bull. Soc. chim. 1927, 41, 1170.) 
Chlorination of cumene yields mono-, di-, tri- 
tetra-, and pcnta-chloro cumenes and the 
corresponding chlorobenzenes. The wopropyl 
group is thus easily displaced. On nitration of 
tri-, tetra-, and penta-chlorocumenes, the iso¬ 
propyl group is replaced by the nitro group 
(Qvist and Salo, Chem. Zentr. 1934, 2, 694). 
Propyl chloride, ierLbutylbenzene, and p-di-tert- 
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butylbenzene are formed from cumene, iso- 
butyl chloride and a very little aluminium 
chloride at room temperature (Bmdtker, Bull. 
8oc. chim. 1906, [hi], 35, 834). 

(3) Methylethylbenzenes. —The mothyl- 
ethylbeiizencH, prepared by the action of sodium 
on a mixture of eth^d }>romidc or iodide with the 
corresponding broino-toluones, are Ihphds with 
boilinfii^-pointH—o-, 158-159", m- 158-159°, 

p- 161*2°, and specific gravities of approximately 
0*87 at 16°C. 

Trimethylbenzenes. —(1) Conspcutive. tri- 
7}iethylhenzcne (herninudJitene, hernimollitrine), 
CoH 3(CH3)3 (1:2:3) is obtained by heating 
a-i.wdui'ie acid C(;H2(CH3)3C02H with lime. 
It has recently been isolated from an Oklahoma 
petrol (Beveridge and Sehicktanz, J. Res. 
Nat. Bur. 8tand. 1933, 2, 065). The benzenoid 
hydrocarbons of the fraction, b.p. 118-132°/ 
215 mm., were separated from other hydro¬ 
carbons by extraction with li(piid snlyjhur 
dioxide and from one another l)y processes 
involving distillation, crystallisation, selective 
siilphonation, crystallisation of tlie sulphonic 
acids, and selective hydrolysis of the sulphonic 
atiids. 11 was estimated that mesifylene, pseudo- 
cumene and hemimelliteno arc present in the 
<*rude petroleum used in the proportions 0*02, 
0*2, and 0*06% respectively. 

llemimellitine has b.p. 176*1, sp.gr. 0*8951 
(20T.), -1*5116. 

(2) IJnsymmctrlral frimethylhcnzenc 
CoH 3(CH3)3 (1:2:4), occurs together with 
mesityleno in coal-tar (Beilstcin and Kbgler, 
Annalen, 1866, 137, 317), and is present 

in many petroleums (Boni, Chem. Zentr. 1906,1, 
459). It is j)reparcd by the action of sodium on 
a mixture of cither bromo-7)ar(ixylcne or bromo- 
wc/axylenc with methyl iodide. In order to 
isolate it from coal tar, Armstrong recommends 
(Chem. News, 1878, 38, 5; Ber. 1878, 11, 
1697) that the mixture of i/r-cumene and 
mesitylene {v. infra) boiling between 160° and 
170°, obtained from c^oal tar by fractional 
distillation, should be converted into their 
sulphonic acids, and the mixture heated with 
concentrated liydrochloric acid in a sealed tube 
for 1 hour at 100°. In this way the m(;sitvlene- 
sulphonic acid is decomposed, regenerating 
mesitylene, whilst the ^-cumenesulphonic acid 
is not attacked. After separating the mesitylene 
the ^-euraoncRulphonic acid is precipitated 
from the hydrof’hloric acid solution by sulphuric 
acid, purified by recrystallisation from dilute 
sulphuric acid, and finally decomposed by heating 
with hydrochloric acid at 140-150°, when it 
breaks up into »/r-cumene and sulphuric 
acid. A slight modification of this method of 
separation is described by Smith and Cass, 
J. Amer. Chem. Soc. 1932, 54, 1603). Jacobsen 
(Ber. 1876, 9, 256) separates the two isomeric 
sulphonamides by recrystallisation from alcohol, 
in W'hich mcsitylenesulphonamido is readily, 
0-cumenesulphonamide only sparingly, soluble. 
The sulphonamides are then hydrolysed by 
heating with concentrated hydrocliloric acid at 
175°. 

Another method proposed by Jacobsen 
(Annalen, 1877, 184, 199) is to separate the two 


sulphonic acids by fractional crystallisation; 
^-cumenesulphonic acid is soluble with difficulty 
in sulphuric acid and crystallises out. On 
heating to its melting-point (110°) and pass¬ 
ing in steam at a temperature of 250°, pure 
0-cumono is obtained (see also Schultz and 
Herzfeld, Ber, 1909, 42, 3602). i/> Cumene 

boils at 168*2°, and has sp.gr. 0*877 at 18° 
(Schultz and Herzfeld, lx.). On oxidation with 
nitric acid, it yields two isomeric acids of the 
formula C(,H3(CH3)2C02H—xylic acid and 
79-xylic acid—and a small quantity of the iso¬ 
meric methyh<90phthalic and mothyltere- 
phthalic acids : 

C„H,(CH,)(CO,H), 

(Bentley and Perkin, J.C.S. 1897, 71, 165). 

[ Oxidation of ^-cumene with lead dioxide 
1 or manganese dioxide in the presence of sulphuric 
acid or clcctrolytically yields considerable 
quantities of 2:4-dimethvlbenzaIdehvde (Perkin 
ami Law, J.C.S. 1907,^91, 263, 752). When 
I boiled with aluminium chloride t/i-cumene 
is converted to a mixture of benzene, toluene, 
xylene, me.sitylenc, durene, etc. (Jacobsen, Ber. 
1885, 18, 341'; Arischiitz, Annalen, 1886, 235, 
186). Tills is a general typo of reaction for 
pol y m et h y 1 bon zo n os. 

(3) Symmcfrical Trimeihylbeyizp.nc (mesityl- 
one), C(.H3(C 1*13)3 (1:3:5).—Mesityleno occurs in 
the eoaJ tar fraction of b.p. 157-162° (Fittig 
and Watikenroder, Annalen. 1869, 151, 292 ; 
Schultz, Ber. 19t)9, 42, 3602), and in American 
petroleum. It is obtained on elimination of 3 
molecules of water from 3 molecules of acetone. 
This elimination may be brought about by 
moans of sulphuric acid (Organic Syntheses, 2, 
41). 

jMesitylene is formed on dissolving allvlene, 
ch3*c‘:ch in sulphuric acid and distilling 
with water (Pittig and Schrohe, Ber. 1875, 8, 
17). Mositvleiie has b.p. 164*5, sp.gr. 0*8768 
474°. It has the normal reactivity of a com¬ 
pound of its constitution. 

CUMIDINES, CpHjgN. The term “ cumi- 
dine,” which originally was proposed for the 
monobasic derivatives of cumene (isopropyl¬ 
benzene) includes also by accepted usage num¬ 
erous basic derivatives of pseudo- or (0)-cumcne 
(l:2:4-trimetliylbenzene, mesitylene (sym. tri- 
methylbenzene), n-propylbcnzene, and other 
bases of the same empirical formula. Of these 
isomers only those of practical interest are 
treated below, the most important being sym-^- 
cumidine and mesidine. 

orthoC u m id i ne, o-aminoi.?opropylbenzene, is 
formed by decarboxylation of aminocuminic 
acid with baryta (Cahours, Annalen, 1859,109, 
19) and to a smaller extent by reduction of the 
crude nitration product of cumene. It yields 
normal salts and has b.p. 213*5-214*5/732 mm. 
Passage over hot lead peroxide yields indole. 
The acetyl derivative has m.p. 72°. 

Cumidine, j9-aminoi«opropylbenzene, is made 
by nitration of cumene with fuming nitric acid 
and reduction of the nitrocompound with 
ammonium sulphide (Constam and Goldschmidt, 
Ber. 1888, 21, 1157) and also by direct con¬ 
densation of aniline with taopropyl alcohol in 
presence of zinc chloride at 260° (Louis, Ber. 
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1883, 16, 111). B.p. 216-218°, acotyl deriva¬ 
tive m.]). 102-102-5°. On oxidation with 

sodium chlorate and potassium ferrocyanide in 
hydrochloric acid solution, curnidine ^dolds an 
“ aniline-black ” dyestutF (Kirpitschnikow, 
Chem. Zentr. 1906, 1, 829) and it is also the 
source of a dyt'stuff obtained by condensation 
with evano'jen chloride in j>yridino solution 
(G.F. 155782). 

poroAminopropylbenzene is formed by 
condensation of aniline with propyl ‘aleohol 
(Will^erodt at»d Sckerl, Annalen, i903, 327. 
301) and has b.j). 224-226°, acetyl derivative, 
m.p. 96° (for preparation, G. Baddeley and 
d. Kenner, J.C.S. 1935, 303). 

Mesidine, obtained bvredueiny nitromesityl- 
ene with tin and acid (Fittig and 8toror, Annalen, 
1868, 147, 3) a.s vv('Il as by numerous less 
usual methods of introducing an amino group, 
has b.p. 229°, acetyl derivative, m.p. 216°. 
Mesidine undergoes normal reactions and finds 
some use as a dye intermediate. 

^-Curnidine, sym.-i/r-ciimidine 

(CH.rCHatCHgrNH. 1:2:4:3) 

is obtained by reducing nitropseudocumene with 
tin and hydrochloric acid, but is more economic¬ 
ally prepared by digesting technical xylidine with 
methyl ahjoliol at 300°, the basic mixture being 
separated by crystallisation of the nitrates 
(G.P. 22265). 0-Gumidinc has m.p. 63°, 

b.p. 234°, is insoluble in water and is characterised 
by a sparingly soluble nitrate and by complexes 
with sym-trinitrobenzene and sym-trinitro¬ 
toluene (Koelting and SoramerhofF, Ber. 1906, 
39, 78); acetyl derivative, m.p. 161°. 0-cumi- 
dine while exhil)iting many normal reactions 
undergoes some remarkable condensations and 
oxidations to substituted acridines (8enier and 
Compton, J.C.S. 1907, 91, 1934) and hydro- 
quinolines (Jones and White, 1910, 97, 

643). Beaction with a-bromowovaleiyd bromide 
yields a hy})notic N-alkyl derivative, but 
i/r-cumidine is more important as the source 
of azo-colours of the Ponceau series (Schultz, 
Tab. No. 83). 

Asym-^-cumidine. 

(CH3:CH3:CH:3NHj=1;2:4:6) 

is prepared by reduction of the corresponding 
nitro-compound with iron and acetic acJd 
(Edler, Ber. 1885, 18, 630), or with iron and 
sulphuric acid (Huender, Bee. trav. chim. 1915, 
34, 11), m.p. 36°, b.p. 233°, soluble in water. 

CUMIN or CUMMIN. The dried fruit 
(seed) of Cuminvm Cyminum. Linn. (Pam. 
Umbellifera*), a small annual plant indigenous to 
Egypt, but cultivated in other parts of Northern 
Africa, Southern Europe and India. The 
fruits are about 4 to 6 mm. long, tapering 
towards both base and apex, resembling cara¬ 
ways and, in fact, they have been called Roman 
caraways. The mericarps are less curved than 
those of caraway, and whilst they are usually 
separate, they may bo attached to the pedicel. 
Each meri carp has five longitudinal ridges 
densely covered with numerous hairs, alternated 
with secondary ridges. The cross-section of the 


fruit reveals four dorsal vittce, or essential oil 
duets, and an oily endosperm. The flavour and 
odour arc reminiscent of both caraway and anise, 
but are more bitter and less agreeable. It is used 
as a constituent of curry })owder and as a 
carniinativo, the latter chiefly in veterinary 
j)ractiec. 

Microscopic Appearance .—The hair.s are seen 
to he part of the pericarp, measuring up to 200/x 
in length and from 25 t()40/x in breadth, and arc 
eom})osed of elongated cells. These are dis¬ 
tinctive of the fruit. 3’he vitta' on the outer 
surfaces measure up to 200p, in diameter, whilst 
tho.se of the commissural side are even larger. 
Each of the primary ribs contains a bundle of 
fibres about 5{)p in diameter. The endosperm 
contains fixed oil and aleurone grains which are 
15p or less in diameter and enclose^ rosettes of 
calcium oxalate. 

Chemical Composition.. —C. Arragon (Ann. 
Falsif. 1915, 8, 345) quotes the following 

com])osition of a sample of cumin fruit from 
Holland ; 


Wat(U’.10-5 

Ash .7-27 

J^’at.22-9 

Essential oil.2-3 

IVotein.22-6 

Fibre.13-4 


Bedu<ang substances, starch, etc.20-4 

All figures, except water, are on the dry 
material. 

The principal constituent is the essential oil, 
and probably the most satisfactory method of 
determining this is by the process of(\)cking 
and Middleton (Quart, l^harm. 1935, 8, 435). 
The powdered fruit is mixetl with brine and 
distilled, the vapours being passed through the 
top of a condenser into a graduated tube, in 
whidi the oil is collected wliilst the condensed 
water is returned to the distillation flask. 
An air inlet and outlet are provided by a side 
tube below the condenser, but above the 
graduated tube. Gumin contains from 2-5 to 
4-0% of essential oil {q.v.). 

Htandurds .—The “ British Pharmaceutical 
Codex ” suggests that not more than 2% of 
foreign organic matter should be present. 

T. McL. 

CUMIN, ESSENTIAL OIL OF. The 

oil distilled from the fruits of Cuminum Cyminum 
Linn. (Fam. UmbclLifora::), a native of Egypt 
and the Mediterranean, and cultivated in India 
and China. The chief supjJies are from Morocco, 
Malta, and Sicily ; yield 2-5 to 4-0%. 

Composition .—The chief eonstituont is eumio 
or cuminic aldehyde, of which 30 to 40% is 
present. Pinene, eymene, dipentene, )S-phel- 
landrone arc present. 

Characters .—A colourless or pale yellow oil 
darkening on keeping. Sp.gr. 0-900-0-936, 
opt. rotation -f3° to -f 8°, ref. ind. 1*495-1 *509. 
Soluble in 10 volumes 80% alcohol. The cumic 
aldehyde is determined by the hydroxylamine 
process {v. Aldeiivoes). 

C. T, B. 

CUMMIN V. Cumin. 
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CUPFERRON. Ammonium-nitroso-)8- 
phenylhydroxylamine. Used as a reagent for 
Cu, and also in the separation of Fe, Ti, 
and 2.r V. Chemieal Analysis, Vol. II, p. 583. 

CU PRASE. Colloidal cupric hydroxide. 

p-isoC U PR EIDI N E {isoapoQ UI N IDIN E) 
V. Cinchona Alkaloids (this vol., p. J70d). 

CUPREINE V. Cinchona Alkaloids (this 
vol., p. 16()d). 

C U PR E N E V. A( ICT VLENE. 

CUPRETENINE e. (.'iNciJONA Alkaloids 
(this voh, p. 1786). 

CUPRI-ADEPTOL. Copper 7n -pheriol 
sul])lionate. 

CUPRITE. Native cuprous oxide, CU2O, 
crystallising in the cubic system. Brilliant, 
tranH])arent crystals of a ruby-red colour (hence 
the name ruby-copper-ore) are not uncommon; 
Hp.gr. ()•(). In the varicdy called chalcotrichiiey 
the crystals are capillary in form, b(‘ing enor¬ 
mously elongated in the direction of one of the 
cubic edges, and are loosely matted together in 
pliish-like masses. Another variety, known as 
ille-ore. (Ger. Zie.gelerz)^ is earthy or compact 
and of a brick-red or brownish colour ; it (‘on- 
sists of an intimate mixture of cuprite and 
lirnonite, and has resulted from the alteration of 
(ihalcopyrite. Cuprite is sometimes of irn- 
j)ortanco as an ore in the u[)per oxidised j)ortions 
of cop])er veins. 

L. J. 8. 

CUPROL. Copper salt of nucleinic acid. 
External astringent dressing {Parke Davis, 
London), JkP.C. 1934. 

CUPRON, a-benzoin oxime, used in the 
quantitative determination of copper and molyb¬ 
denum V. Chemical Analysis, Vol. II, p. 605d. 

CUPROSILICON. Cuprous silicide (e. 
(k)prER). 

CUPRUM LAZUREUM r. Azuiute. 

CURACIT-SODA. A mixture of the 
sodium salts of glycocholic and other acids 
obtained from ox gall, used as a wetting-out 
agent. 

CURARE. Other native names, Ciirara^ 
Urari, Woorari, Woorall, Woorara. Curare is 
the name given to the arrow poisons of S. 
American Indians who dwell in the region of the 
Orinoco and Amazon rivers. Knowledge of it 
was lirst brought to Europe by Sir Walter 
Raleigh in 1595, and from that time to the 
present its origin and preparation have been 
discussed by explorers, botanists and chemists. 
A summary of the earlier observations of La 
Condamine, Humboldt and Bonpland, Water- 
ton, Schomburgk. Castelnau, Thirion, Jobert 
and Cr^vaux is given by Planchon (Pharm. J. 
1880, [iii], 11,469, 491, 529, 589, 693, 754). 
it is now known that curare is an aqueous 
decoction of several plants, one of which is 
usually a species of Stnychnos, to which the toxic 
action of the preparation is duo. The remainder 
contribute extractives which give the curare the 
consistency necessary for preservation of the 
poison and for tipping the arrows. The plants 
used in the preparation of the product vary 
with the locality as the following shows: 


Sources of Curare .—(1) Upper Amazon: 
Strychnos Castelnaeana, Baill., S. Yajmrensis, 
Planch. 

(2) Upper Orinoco : S. Gublerl, Idanch. 

(3) British Guiana: S. toxifera, >Schomb. ; 
S. Schoinhunjkiana, Klotzsch.; S. cogens, 
Benth. 

(4) Upper French Guiana : S. C'revauxii, 
Planch. 

(5) Esmeralda (Venezuela) : S. guianensis, 
Aubl. 

(0) Peruvian Amazon: Chondrodendron 

.spp. (?). 

The advent of lirearms replaced arrows for 
hunting, and curare rarely apiKNirs now ada ys on 
the European market. Such curare as is found 
in museuriis, pharmaceutical housi's, and 
physiological laboratories consists of a browm to 
black, often brittle, extract w ith a bitter taste. 
In medicine it has been used in the treatnuuit of 
tetanus, hydrophobia, epilepsy, and in cases of 
chronic nervous disease with preilominant 
muscular rigidity. For a summary, f^ee. West 
(iToe. Roy. iSoc. Med. 1935, 28, 41). As native 
preparations vary consid(‘rably in composition 
the greatest care is necessary in the administra¬ 
tion of the drug and its etlicacy must first be 
tested on animals. 

For the earlier chemical investigations on 
curare, see Fliicki^T (Arch. Pharm. 1S90, 228. 
78). The foundation of our <‘hcmiea) knowledge 
w^as laid by Boehm (( 'hem. Zeritr. 1895, 2, 1084 ; 
1897, 2, 1078: Arcli. Pharm. 1897, 235, 

660) who examiiKHl the three kinds of curare, 
distinguished by their containers, winch have at 
various times appeared in some quantity on the 
European market. Boehm shf)wed that the 
highly active principle in (‘a,eh case was a 
different quaternary alkaloid. Tubocurare or 
para curare was imported in bamboo tubes and 
contained a crystalline inactive tertiary alkaloid 
curine which w^as showui later by Spath, Leithe, 
and Lade<;k (Bor. 1928, 61, [BJ, 1698) to b(^ the 
kreo-cnantiomorph of d-bebe(*rine, an alkaloid 
found in Padix Pareirse. bravw {Chondrodendron 
to7uentosmn, R. and P.). Its formula is 
^36 ^38^6^2 ^^1 )ath and Kuffner, Ihu-. 1934, 
67, [B], 55) and the structure of its di-O-methyl 
ether is now' known in detail. It belongs to the 
group of bisbonzylMoquinoline alkaloids width 
are formed by fusion of two benzyli.votjuinolino 
structures through ether linkages (Faltis, 
Kadiera, and Doblhammer, Ber. 1936, 69, [BJ, 
1269; King, J.C.S. 1936, 1276). The 

amorphous quaternary alkaloid called tubocura- 
rine by Boehm, was crystallised by King (J.US. 
1935, 1381) and found to produce complete 
“ curare ” paralysis of the frog ou a dose of 05 
mg. per kg. within 15 minutes. It was also 
shown (King, l.c.) that d-tubocurarine chloride 
had the properties of a phenolic betaine and on 
complete methylation of the phenolic groups 
gave d-O-mcthyltuhocurarine chloride which 
proved to be a diastorcoisomeride of d-O- 
methylbebeerino methochloride (1). It is very 
probable that tubocurare is prepared from some 
species of Cho7idrodendron hitherto not examined 
chemically and growing in the region of the 
Peruvian Amazon. 
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O -MethyItiibocurarine ohlorlde. 
O-Meihylbebeeriiie methochloride. 


I. 


Calabash or gourd curare was found by Bocinn 
to contain an amorphous quaternary alkaloid, 
C19H25ON2CI, called curarincy together with 
traces of a non-quaternary alkaloid. ^J’he same 
amorphous quaternary alkaloid was isolated 
from iStrychnos toxifera Schomb. (King, Nature, 
1935, 135, 469) thus conlirining Robert Schoni- 
burgk’s discovery of N. toxifera as the main 
sources of the active ingredient of the curare 
of the Macus Indians from British Guiana. 
It paralysed frogs on a dose of 0*125 mg. per 
kg. and showed colour reactions reminiscent of 
strychnine. 

The third variety, known a.s poi camre, comes 
from Brazil, and appeared on the market in small 
jars usually of unglazed clay. Boehm found 
that this curare varied widely in activity but 
from active material was able to isolate two 
relatively inactive non-(piaternary alkaloids, 
protocurine.y C20H23O3N, needles, m.p. 306° 
(decomp.), and protocuridincy prisms, m.p. 274- 
276°, and an active amorphous quaternary base 
protocurarine of uncertain composition. The 
last-mentioned showed colour reactions similar 
to strychnine. The paralysing dose on frogs 
was 0*13 mg. per kg. (Jacabhazy, Arch. exp. 
Path. Pharm. 1899, 42, 10). It is probable that 
the active principle is contributed by SlrycJinos 
Castelnaeana Wedd,, and not improbable that 
other species, such as Cocculus toxicoferuSy 
Wedd. and Anomospermum grandijolium Eichler 
supply some of the alkaloids present. 

The predominant pharmacological action of 
curare consists in a paralysis of the nerve endings 
of voluntary muscle, and for this reason it is 
much used in physiological research. The 
discovery by Boehm that the “ curare ” 
principle in the three best known types of curare 
is a quaternary alkaloid is noteworthy since it is 
a pharmacological commonplace that nearly all 
ammonium bases paralyse motor nerve endings 
of voluntary muscle (Crum-Brown and Fraser, 
Proc. Roy. fcJoc. Edin. 1869, 6 , 660). 


The recent investigations of Freise in S. 
America (Pharm. Ztg. 1933, 78, 852; 1936, 
81, 818) show that a pot curare of the 
Chavante Indians of Southern Brazil is employed 
for killing animals to be used as food and is 
exported as an article of trade to the Argentine. 
It contains as its active principle a non- 
quaternary alkaloid, macoubeincy 

^ 22 ^ 26 ^ 2 ^ 2 ‘^^ 2 ^» 

[a]i) —55*5°, which is devoid of the typical 
“ curare ” action of the pharmacologist. For 
this reason it is better described as a “ false 
curare.” It is prepared from Macoubea Quyan- 
ensis Aubl. (Fam. Apocynaccic). 

H. K. 

CURARINE V. CUBARE. 

CURCAS OIL (purging nut oil, physic 
nut oil, Oleum infernalc; Fr. huile de pulghere.y — 
dc purghhCy — de grospignou d’lnde), is obtained 
from the seeds of Jatroj>ha enreas \j. (Fam. 
Eiiphorbiacea*), a shrub or small trev, juobabJy 
indigenous to Central Ameiica, but growing 
freely or under cultivation in many parts of the 
tropics, aiid especially in the Portuguese 
colonies. In the Gape Verde Islands, where the 
cultivation of eurcas is second only to that of 
colfee, the export of seed to Lisbt)!! ainounted 
to as minli as 3,000 tons in 1930 and about 2,000 
tons in succeeding years (cf. J. Cunha, da 
ISilveira, Anais do Instituto superior de agro- 
nomhi (Lisbon), 1934, 6, fuse. 1,116); in Reunion 
the plant is grown as a suj)port for the vanilla 
plant. Tin* seeds consist of from 32-40% 
of husk and 60-68% of kernel, containing from 
46-58% of oil (Lc. about 30-40% on the whole 
seed) w'hich is recovenai commercially by hot 
expression. U'he oil is j)ale in colour, becoming 
red dish-yellow upon exposure to the air, and 
has a viscosity about equal to, or slightly greater 
than, that of olive oil : it is characterised by a 
disagreeable odour, and possesses emetic and 
strongly purgative })roperties, winch are mucli 
more pronounced than those of castor oil ^: 
it is distinguished from the latter by its lack of 
optical activity, low acetyl value and viscosity, 
and by its sparing solubility in alcohol and ready 
miscibility^ with light petroleum. It differs 
from croton oil (g.v.) in possessing no rubefacient 
or vesicant properties. 

The recorded analytical values for cureas oil 
show considerable variations (probably depend¬ 
ing partly upon the origin of the seed), but the 
follow ing ranges are typical for genuine expressed 
oils: f. pt. c. -lire., sp.gr” 0-918-0-921, 
acid value 0*7 to 9*2, saponification value 
190-193, iodine value 93-100, acetyl value 
5-10 (figures of 18 and 25 were recorded for two 
samples examined at the Imperial Institute 
(Bull. Imp. Inst. 1921, 19, 288). Samples of oil 
extracted by petroleum spirit from decorticated 
seeds and examined by Droit (Thesis, Paris, 
1932; Francois and Droit, Bull. Soc. chim. 1933, 
(iv), 53, 728 ; African seeds extracted in the cold), 
and by Adriaens (IV^^Congr. Intern. Tech. Chim. 

^ A mixture of castor oil and ciircas oil, sold under 
the name of “ Knylish castor oil ” is stated to have 
been a popular i>urKativo in America and the Antilles 
in the last century (see Diiss, Anu. Inst. Col. Marseilles, 
1896, 3, 26). 
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Ind. Agric., Bruxelles, 1935 ; Bull. Mat. Grasses, 
1936, 10, 813; seeds from Belgian Congo), 
had sp.gr.]" 0-9122-0-9219, ref. ind.’" 1-4694- 
1*4730, acid value 0-4-7-8, saponification value 
176-180 (Droit), 193-196 (Adriaens) ; iodine 
value 97-98 (Droit), 96-6-106*9 (Adriaens); 
acetyl value 4*5-8-r), unsaponiliable matter 
0-1-1*15%, including a phytosterol and a 
resinous material (Droit). 

Whilst the commercial oils do not crystallise on 
exposure to low temperatures, tlie oils extracted 
in the laboratory gradually deposit crystals 
which appear to consist chiefly of oleodistearin. 
Ae(!ording to the detailed examination by 
Droit, the fatty acids of curcas oil consist solely 
of stearic, palmitic, myristic, oleic and linolic 
acids; no trace of rieinoleic or other hydroxy- 
acid (such as the “ curcinoleic acid,” the 
presence of which wois reported by Siegel and 
other early investigators) could be found {cf. 
Klein, Z. angew. Chem. 1898, 11, 1012). The 
“ isocctic ” acid isolated by Bouis (Oompt. rend. 
1854, 39, 923) appears to have been a mixture 
of palmitic and myristic acids. The im'dicinal 
use of the oil is limited by the presence in it of a 
toxic principle (a sterol-resin ester ?) which is 
associat(^fl with the alcohol-soluble fraction of 
the oil (c/. ('adet do Gassieourt, J. do Pharm. 
(Paris), 1824, 10, 170; Soubeiran, ihid. 1829, 15, 
500; l^\)lke, Lc., infra; Droit, he., infra)^ and is 
not destroyed by heating for 1^ hours at lOO ’C.; 
upon saponification, this fraction yields fatty 
acids, a phytosterol, and a resin, none of which 
ap])car8 to have any ])hysio]ogicai action w^hen 
examined separately (Droit, Bull, Mat. Grasses, 
1932, 16, 270). 

A second poisonous substance, curcine (a 
toxalbiimin) {cf. Stillrnark, Arb. Pharm. Inst. 
Dorpat, 1889, 3, 149; Siegel, Thesis, Dorpat, 
1893; Felke,Landw*. Versuclis-Stat. 1913,82,427) 
is found in the dccortieaG'd seeds after removal 
of the oil, and, (;onse(piently, the by-product 
seed-cake can only be utilised as a fertiliser. 
Curcas seeds further contain a fairly active lipase 
(Grimme, Z. deut. Ol-Fctt-Ind., 1921, 41, 513). 

In addition to its use in medicine, curcas oil is 
used in the manufacture of soap (both in the 
tropics and in Euro])c), and to a limited extent 
as a burning oil; its use as a substitute for olive 
oil in compound lubricating oils has been 
suggested. The oil thickens somewhat on heat¬ 
ing, and is frecpiently reported to possess weak 
drying properties {cf. Bull. Imp. Inst. 1921, 19, 
288); this propensitj^ appears to be less w^eU 
marked, however, in the oils from the Congo 
(Adriaens, l.c.). 

(For a detailed study of the purging nut, its 
oil and toxicology, and bibliography, see Droit, 
l.c. ; also Anon., Gov. Lab. Bangkok, 1929, 
No. 4, 8). 

E. L. 

CURCIN E CtJRCAS Oil. 
CURCUMENES, THE. The essential oil 
from the rhizomes of Curcuma aromatica contains 
a mixture of two monocyclic sesquiterpene 
hydrocarbons C15H24, a- and ^-curcumcnes 
(Rao, Shintre and Simonsen, J. Indian Inst. Sci. 
1926,9, A, 140; Kao and Simonsen, J.C.S. 1928, 
2496). /-a-Curcumenc, purified through its 


monohydrochloride, b.p. ]50-155°/8 mm., has 
b.j). 128-13077 mm., 0-8633, 1-4944, 

[aJi) —22*9°. It contains three ethylenic link¬ 
ages and is best characterised by the preparation 
of its nitrosate, m.j). lOP. /-)9-Curoumene, 
which can be purified through its trihydrochloride, 
m.p. 84-85^ has b.p. 128-13076 mm., d^l 
0*8810, wjf 1*4949, falp -27*9". It has three 
ethylenic linkages. The constitutions of tlmse 
hydrocarbons have not beciii determined. 

J, L. S. 

CURCUMIN {Turmeric ycXloxd), the yellow 
substantive dye and indi(;ator from the roots of 
Curcuma species Jann. 

CURINE Curare. 

CURITE, 2Pb0*5U03*4H20, a uranium 
mineral. 

CURRANT. The fruit of bushy species 
of Jiihcs. Two varieties are commonly met, the 
red currant, R. ruhrum (or R. vulgare Lam.), 
and the black currant, R. nigrum,, L. Variants of 
R. rubrum in which the fruit is w'hite are 
specially favoured for dessert. 

I Analysc's of the red currants from American 
I and European sources respectively arc : 


Total 

A (“ids 
l*ro- (as 

Invert 

Suc¬ 

solids. 

tciii. citric). 

siiKar. 

rose. Peel in. Asli. 

% 

O' 



(1) 12*97 

(2) 15*29 

i*37 2*21 

3*14 

0*0 OS 0*6 

1-90 

5*74 

0-46 0*57 

(1) MiiiiHon pf (if., U.S. Dept. AkfIc 

. Fur. Chem. Full. 

lOO;”), No. Of). 
(2) OliK, 

. Tlnfprs. Nahr.-G('iiussni. lUJO, 19, 558. 


According to Hotter (Z. landw. Versnehsw. 
1906, 9, 747) the proportion of fructose is 
slightly liigher than that of glucose. The 
actual amounts of sucrose presemt in the fruit 
and the pro]>ortion of reducing to non-reducing 
sugars varies considerably with the stage of 
ripeness of the currfint. 8oholevskaja and 
Turetzkaja (Bull. Acad. Sci. U.R.S.S. [Classe 
sci. math.], 1934, 9, 1341), have observed the 
steady increase in total sugars and in the ratio 
of invert sugar to sucrose as the fruit develops. 
The absolute amount of sucrose, however, 
increases markedly during the final stages of 
ripening. These authors explain the general 
course of sugar cliaTiges in the ripening fruit 
thus: 

sucrose -^glucose + fructose -> polysaccharide-> 
ghicose-f- fructose. 

The accumulation of sucrose in ripened fruit is 
ascribed to the cessation of its decomposition 
rather than to its re sjti thesis from invert sugar; 
the simultaneous increase in invert sugar is 
attributed to the hydrolysis of polysaccharides. 
The acidity of the fruit is due almost entirely 
to citric acid, although small amounts of malic 
acid are occasionally rejjorted. 

The seeds of red currants (jontain w ater 11*42, 
protein 14*92, fat 23*6, N-freo extract 24*4, 
fibre 22*8, and ash 2*78 (Alpers, Z. Unters. 
Nahr.-Gennssm. 1916, 32, 499). The charac¬ 
teristics of the expressed oil are d.g 0*9288, 
ref. ind. 1*4772 (25°), saponification value 194*6, 
iodine value 159*8, Reichert-Meissl value 0*56, 
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Polcnsko value 0*5, Ht^hiicr number 9;>-6, acid 
value 12-9, imsaponifiable matter 0-64%. 

The mineral constituents of rod currants (in 
terms of frenb fruit) include: total ash 0*41, 
KgO 019, NagO 0 *02, CaO 0 08, MgO 0 03, 
0 09, Fe 0-0007, A1 0-0015, Zn 0 0002%. 
Windiseh and Schmidt (Z, Unters. Nahr.- 
Gonussm. 1909, 17, 584) record the following as 
average analyses of the juice of red currants: 
f/jg 1 045, solids 11-65, protein 0-34, acids (as 
citric) 2-11, invert sugar 6-90, total ash 0-48 g. 
per 100 c.c. 

The black currant resembles the red species in 
composition in many respects. Detailed analyses 
are, however, less common. Hotter {l.c.) records 
the following analysis for black currant pulp: 
solids 20-7-20-9, acids (as malic) 2-,*i-3-4, 
total sugars 7-3-7-9, glucose 3-3-3-5, fructose 
4-0-4-4, sucrose 0-2-0-4, tannin 0-33-0-41, ash 
0-630-87. 

The acids of the fruit cojnju'ise chiefly citric 
and tartaric ; the proportions vary with stage of 
ripening, that of citric acid reaching maximum 
in the half-ripe stage. 

As in the case of red currants the bla(‘k variety 
undergo a very rapid increase in sugar content in 
the last stages of ripening (or over-ripening). 

A. G. Po. 

CURTIUS DEGRADATION OF 
ACID AZIDES ?;. Amines. 

CUSCAMIDINE v. Cinchona Alkaloids 
( this vol., p. 161c). 

C use AM IN E r. Cinchona Alkaloids (this 
vol., p. IGlc). 

CUSCOHYGRINE Gocatne and other 
alkaloids of the Ervlhroxylon species. 

CUSCONIDINE r. riNcin.JNA Alkaloids 
( this vol., p. 16liZ). 

CUSCONINEr. Cinchona Alkaloids (this 
vol., p. IGliZ). 

CUSPARIA BARK, CUSPARINE, 
GALIPINEAND M I NOR ALKALOIDS. 

Chsparia bark, Angostura bark, Corlex Caspar}fx '; 
(Fr. J'lcorcp. (V A ngosture ; Ger. Angostarariiidc). 
It is derived from Galipea offirivalls Hancock, 
syn. Casparia trifoUafa Englcr (Fam. Rutacea'), 
a small tree of Venezuela, and wUvS originally 
shipped from Angostura on the Orinoco to 
Trini<Iad. It was long considered to be derived 
from the closely related Cusparia fehrifuga D.C. 
Brazilian (false) “ Angostura ” bark is derived 
from Esmheckia fehrifuga, A. Juss. (Fam. Ruta- 
ccfc). For history and botanical investigation 
of difl'erent barLs v. Hartwich and Gamper 
(Arch. Pharm. 1900, 238, 568). 

Angostura bark contains about ten alkaloids, 
some of which are very simple basic com¬ 
pounds ; it also contains a little essential oil, 
a bitter principle and a glucoside. 

The cusparia alkaloids wore investigated by 
Troger and Beckurts; for references concerning 
earlier investigations, v. Spath and Brunner 
(Ber. 1924, 57, [B], 1243). 

The best description for isolxition and identifi¬ 
cation of cusparia alkaloids is given by Spath 
and Eberstaller (Ber. 1924, 57, [B], 1687), Sp&th 
and Papaioanou (Monatsh. 1929, 52, 129), and 
SpathandPikl(Ber. 1929, 62, fB], 2244; Monatsh. 
1930, 55, 352). 16 kg. of angostura bark 


are percolated w ith EtOH for 8 days. EtOH 
is evaporated in vacuo and the oily residue still 
containing apprec'iable amounts of EtOH 
(this is essential) diluted with 2 litres of 20% 
NaOH and extracted with 4 litres of EtoO. 
Phenolic and non-phenolic bases are thus 
separated. 

Non-phenolic Bases. —By extracting above 
ethereal solution with 1% HCI the sparingly 
.soluble hydrochlorides of cusparine (1) and 
galipine (11) are obtained. Tlie tAvo alkaloids 
are separaled through the oxalates, a method 
ileveloped by 'JVoger and Kr<)H(d)erg (Arch. 
Pharm. 1912, 250, 503; (I)-oxalate sparingly, 
(IT)-oxalate easilv, soluble in HgO). Yields: 
(I) 1-06%, (11) 0-35%. 

200 g. of the oily mixture k-ft after separation 
of (I) and (II) are treated with light )>etroleum, 
which dissolves about 30 g. 3he oily residue 
obtaincfi by evaporation of the petroleum is 
steam-distilled jind the distillate re-distilled in 
vacuo, after a small first fraction A, 8-7 g. of 
almost ])ure 2-n-amyl-4-7netho:vp-qainoline (111) 
distils at ltHt-200 /14 mm.; yield 0-05%. 

The first fraction A is distilled again, when 
two separate fractious are obtained : }).p. 100- 

145714 mm. B (0-5 g.) and b.p. 145-1907 
14 mm.--C (5-2 g.). Fraction B finally 

yields quinoline (IV) and 2-methylqiirnoline 
(quinaldine) {\). Yield of the tw^o bases about 
0-003%. FYaction C gives \-methyl-2-keto-l-2- 
dihydroquinoline (VI) (0-01%) and 2-'n-amyl- 
quinoline (VTl) (0 003%). 

Phenolic Bases. —The alkaline solution left 
after separation of the non-phenolic bases is 
acidified with 5% HCI, separated from tar, 
basified with soda, and extracted with CHCI3. 
After evaporation the residue is extracted with 
ether and finally pure galiqioUne (VIII) is 
obtained. 

Cusparcine (Chern. Zontr. 1909, II, 1570; 
1911, I, 163), galipoidine (Arch. 1‘harm. 1913, 
251, 252), and angosturine (Chem. Zentr. 1911, I, 
163) were isolated by Triiger and co-workers, 
but their existence has not yet been confirmed. 
All cusparia alkaloids are optically inactive. 

Cusparine (1), CigHj^OgN, crystallises in 
needles from light petroleum, m.p. 92°, it is 
apparently trimorphous (colourless nt^edles, 
yellow needles, and amber-tinted crystals). 
(1) is easily soluble in organic solvents. The 
salts arc sparingly soluble and may be readily 
separated from the salts of associated alkaloids. 
B-HCI f SHgO, white crystals ; B-oxalate is 
characteristic {v. supra), m.p. 152-156°, 
sulphur-yellow needles. Also j)latinichloride 
and aurichloride are crystalline. B-methiodide, 
m.p. 176° (yellow prisms). (I) is the easiest of 
the angostura alkaloids to separate. 

Galipine (II), CgoHjiOgN, crystallises from 
EtOH, EtgO or light petroleum in colourless 
prisms, m.p. 115-5°; it yields crystalline salts, 
which are more soluble than those of (I). 
B-HBr, m.p. 169° (5mllow); B-HI, m.p. 178° 
(yellow); B-methiodide, m.p. 145° (yellow 
neejdles). 

2-n-A myl - 4 - ethoxy-quinoli ae (111), c, 5 H„on, 
colourless oil with very faint odour, easily 
soluble in dilute HCI, B-picrate, needles from. 
MeOH, m.p. 132°; Bg-pl^'^i^ichloride forms 
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characterintic, yellow crystals, m.p. 220° 
(decomp.). 

Quinoline (IV) and 2-metJtylquinoline (V) 
(qiiinaldine) wore identified as picrates and 
2:4:6-trinitro-] :3-crc8o]ate8. 

1 - Methyl - 2 - keto -1:2- diJiydroquinoUne (VI), 
CjoHgON, rn.p. 74°; B-pierate from MeOH, 
rn.p. 129-130°. 

2-n-Amylquinoline (VII), b.p. 130-145°/ 
10 mm., identified as picrate, rn.p. 125-126° 
(from MeOH). 

Galijmlme (VIII), CjpHjjjOgN, colourb^ss 
crystals, m.p. 193° (from H2O), soluble in 
caustit! soda; by methylatiou of (Vlll) with 
diazomothano (11) is obtained. 

Cuspareme {cf. Trdger and Hunne, Arcli. 
Pharm. 1911, 249, 176), CigHigOaN, m.p. 56°, 
is a very weak base and distils without decom¬ 
position. No salts could be obtained, it contains 
two MeO-groups. B*methiodlde, m.p. 156° 
(leaflets from HgO). 

Oalipoidine {rf. Troger and Uunne, /.r., 183), 
Ci9H^r,04N, m.p. 233°, needles from EtOH, 
insoluble in ligroin, light petroleum and ben- 
z(me; sparingly soluble in hot EtOH. It 
yields a crystalline platinichloride and aur 
chloride. 

Anqosturine is apparently identi(;al M'ith 
galipoidinc {cf. CHicm. Zentr. 1911, I, 164). 

(Constitution of Anoostura (Cusparia) 
Ar.KAi.oiDS.—When (l)-metliiodide is treated 
with silver oxide or caustic soda, a new base, 
u'oeusparine (m.p. 194°), is formed. (11)- 

methiodide undergoes the same nsirrangement. 
Apparenty the Me of the MeO-group migrates 
to the N-atom {cf. Troger and JMuller, Arch. 
Phann. 1914, 252, 459), a rearrangement which 
is typical for a- and y-mcthoxy-(iuinolinos {cf. 
dictamnino and skirnmiaiiine). By zinc dust 
distillation of cuspareino (Trc)gerand liunne, /.c., 
182) and (11) (Troger and Kroseberg, /.r., 525) 
quinoline was obtained. By potash-fusion both 
(1) and (II) yielded protocatechuic acid, on 
oxidation with j)ernianganate veratric and a 
methoxyquinoline carboxylit; acid wore obtained 
from (II). Trdger and Bdnicke (Arch. Pharm. 
1920, 258, 250) suggested a formula for (11) which 
was slightly modified by Spath and Brunner {l.r.); 
(1), (IT), and (VTll) have the following formuhe, 
as jnoved by synth('sis : 



(I) :Ri-tR2-CH2< ; Rg^^OMe. 

(II) :Ri-R2-R3-OMe. 
(VllI);Ri=R2-OMe; R3-OH. 

Synthesis of (I): Spath and Brunner {l.c.). 
Synthesis of (IT): Spath and Eberstaller (l.c.). 
Synthesis of (III): Spath and Pikl {l.c.). 
Synthesis of (VIII): Spftth and Papaioanou 

{U.). 

Nothing is known about the constitution of 
cuspareine and galipoidine. 


The essential oil (from Cusparia trifoliata) is 
described in Schinimel and (jo.’s Semi-Annual 
Report, April, 1913. 

Angosturin, CgHjoO^, m.p. 58°, i.s a crystalline 
bitter principle, readily soluble in HjO and 
EtOH, but not in (Et)20. Angostura lairk is a 
constituent of “ Angostura bitters,” and is 
used in medicine as a tonic in dcrangtanents of 
the alimentary canal, but it is not included in 
the “British Pharmacopceia ” nor m the 
“ I'liited States Pharmacopeia.” 

Schl. 

CUSPARINE z;. (Jusi’AKiA Bark. 

CUSSO, KOUSSO. The dried panicles 
of pistillate flowers of Braycra anthclniintica 
Kunth. 

CUTCH V. PaTK(’I1U. 

CYAMELIDE v. Cyanides (this vol., 
p. 505). 

CYANAMIDE v. Cyanides (this vol., 
p. 505). 

CYANANTHROL B (SOLWAY BLUE 

R) V . Anthraqui.none Dyestuffs. 

CYANIC ACID V. Cyanides (this vol., 
p. 506d). 

CYANIDATION PROCESS FOR 
GOLD AND SILVER ORES v . Cyanides. 
CYANIDES. 

Historical. —The earliest known cyanide 
compound was Prussian blue, which was dis¬ 
covered accidentally in 1704 by Diesbacli and 
Dipped in an attempted preparation of Florentine 
lake. The new blue very quickly disyilaced 
ultramarine, but its method of manufacture 
remained a secret until 1724, when Woodward 
described the calcination of blood with potassium 
carbonate, and the treatment of the aqueous 
extru(d. with ferrous sulphate and alum to give a 
greenish precipitate, which yielded Prussian 
blue wdien treated with hydrochloric acid. 
Maequer showed that born, leather and other 
animal matter could be used instead of blood, 
and in 1752 found that ih’ussian blue was 
decomposed by boiling with aUvali into ferric 
hydroxide anti a soluble salt from whicdi the 
blue could bo regenerated. Potassium ferro- 
eyanide (yellow prussiate) was first obtaineil in 
the crystalline form by >Sage in 1772. 

The relationships of the ferroeyaiiides, hydro- 
evanie acid, e^oxnogen and many of tlu'ir deriva¬ 
tives were elucidated by the brilliant researches 
of Sirheele (1782-3), Btufliollet (1790), and 
(jray Lussae (1815). Seheelo was the tirst to 
prepare an aqueous solution of hydroiyauie 
acid and Gay Lussae first isolated the anhydrous 
liquid. 

Animal matter treated by the process 
described above was the sole source of cyanides 
for about 150 years, until a now one was found 
in the cyanogen content of coal gas. The 
existence of cyanogen compounds in coal gas 
was mentioned by Jacquomyns in 1843, and in 
1860 prussiate was manufactured from spent 
oxide for the first time at the Paris gas works. 
By 1884 gas works ferrocyanido had almost 
completely replaced the older product in the 
European industry, partly because of the 
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increased use of nitrogenous organic matter as a 
fertiliser, and partly because of the reduced 
consumption of Prussian blue duo to the com¬ 
petition of coal tar dyes. In the United States 
the old process held its own for nearly twenty 
years longer. Between 1890 and 1900, greater 
efficiency in the recovery of cyanides from coal 
distillation products was obtained by the 
introduction at gas works of special cyanide 
washers, the cyanide being almost quantitatively 
fixed as ferrocyanido which is relatively easily 
recovered from the scrubbing liquid. 

The discovery of the electroplating process for 
gold and silver by J. K. and H. Elkington in 
1840 led to a demand for potassium cyanide, 
which was met by the ])roccss of fusing ferro- 
cyanide with potassium carbonate, a reaction 
discovered in 1834 by F. and E. Kodgers. 
In 1887 MacArthur and the Forrests patented 
the cyanide process for the extraction of gold 
and silver from their ores, and it was first 
operated at Karangahake, New Zealand, in 1889, 
and near Johannesburg, Transvaal, in 1890. 
The cyanide process was rapidly adopted in all 
the goldfields of the world, and led to a con- 
sideral)le increase in the rate of gold production, 
and transformed the cyanide industry from a 
small by-product industry into a relatively large 
synthetic industry. Whilst the production of 
potassium cyanide in 1889 (by the Kodgers 
process) was 50-70 tons i)er annum, and of 
yeUow prusaiate not more than «5,000 tons, it is 
estimated that the world production of potassium j 
cyanide had reached 6,500 tons per annum by i 
1899. ' 

At first the increased quantities of cyanide 
were made from ferrocyanide by the Kodgers 
process, and then by the Erlenmoyer process 
(discovered in 1876) using metallic sodium. The 
rapidly increasing demand, however, stimulated 
the search for direct synthetic processes, of 
which a great number were invented and the 
following were actually worked with some 
success: | 


Process. 

Location of plant. 

Date of 
first i)ro- 
(iu(;ti()n. 

Siepermann 

Stassfurt, Germany 

1892 

Beilby 

Glasgow, Scotland 

1892 

British Cyan¬ 
ides Co. 

Oldbury, England 

1895 

Raschen 

Runcorn, England 

1898 

Readman 

Leven, Scotland 

1899 

Castner 

Germany, Scotland, 

1899 


U.S.A. 

1900 

Bueb 

(Schlompe) 

Dessau, Germany 

1902 


Of these the last two are still in operation and 
provide the greater part of the world’s cyanide 
requirements. At the present time there is a 
tendency in the United States for a reversal 
of the old economic relationship, so that 
synthetic cyanide is the raw material for ferro¬ 
cyanide. 

The use of cyanide as a fumigant in pest control 


was introduced in 1903, first in the citrus groves 
of California to control a parasitica scale insect, 
and at a later date in the fumigation of ships 
and warehouses and other buildings against 
vermin. The hydrocyanic acid vapour required 
was formerly generated in situ from cyanide and 
acid, but since 1917 liquid hydrocyanic acid has 
been marketcMl for direct application. 

Another use of cyanide which has been 
developed since 1918 is in the case-hardening ot 
iron and steel, which now consumes increasing 
quantities of sodium cyanide. This use depends 
on the formation of a surface layer of a solid 
solution of iron carbide and iron nitride in 
metallic iron. 

The source of the nitrogen for the commercially 
succcs.sful cyarndc processes is ammonia or 
methylamincs (Schlempe process), but the War 
(1914-18) stimulated the search for methods of 
lixing atmospheric nitrogen as cyanide. Kossoz 
and Boissiere first attempted the manufacture of 
potassium cyanide from potassium carbonate, 
charcoal, and nitrogen as early as 1843, but the 
greatest atlvance towards the technical realisa¬ 
tion of this reaction was made by Bucher 
in the United States between 1912 and 1918. 
With the stimulus of abnormal w'ar conditions 
removed, however, the pro(;es8 was unable to 
compete with the older methods, and its opera¬ 
tion is now discontinued in America. About 
the same time Caro and Frank in Germany were 
endeavouring to produc^e cyanide by the 
nitrogenation of calcium carbide, and the 
process w^as brought to commercial success by 
Landis in America in 1918. Kelativcly large 
quantities of impure calcium cyanide, used in the 
gold-mining industry and in fumigation, are 
now produced by this reaction. That no greater 
development of the fixation of nitrogen as 
cyanide has occurred may be ascribed to 
the great progress which was made, both 
during and immediately after the War, in 
the manufacture of synthetic ammonia, 
which has now largely replaced by-product 
ammonia as the raw material for cyanide manu¬ 
facture. 

The most recent research on cyanide synthesis 
has been in the realm of high-temperature gas 
reactions for the production of hydrocyanic acid 
from ammonia (or nitrogen) and hydrocarbons, 
and on methods of converting the hydrocyanic 
acid so obtained into sodium cyanide of similar 
purity to the high-grade product of the Castner 
process. Of the many such processes described, 
only one, involving the passage of a gaseous 
mixture of nitrogen and hydrocarbon gas or 
vapour through an arc, is known with certainty 
to have been operated on a commercial scale. 
It may well be, however, that the future 
development of the cyanide industry will be 
along these lines. 

The world consumption of cyanide at the 
present time is probably more than 30,000 tons 
per year of sodium cyanide or its equivalent. 
The abandonment of the Gold Standard in 
many countries since 1931 has caused an 
increased consumption by stimulating the gold¬ 
mining and base metal industries, and steady 
development has occurred in the use of cyanide 
for case hardening and fumigation. 
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The cyanide compounds are considered below 
under the following headings : 

J. Complex iron cyanides (ferrocyanidcs, ferri- 
cyanid(\s, pentacyanides). 

II. Alkali metal cyanides. 

III. Heavy metal cyanides (of copper, gold, 
mercury, silver, zinc). 

IV. Alkaline earth cyanides. 

V. Hydrocyanic acid. 

VI. Cyanogen and its derivatives. 

V^II. C'yanates. 

VIII. Thiocyanates. 

1. COMPLEX IRON CYANIDES. 

Gknekal. ('hemistky. —In this section a 
brief account is given of the dicmical cliarac- 
teristi(!H ajid relationships of the ferrocyanidcs 
and ferricyanidoH. 

Jn all f)robal)ility the simple parent substances, 
ferrous cyanide, Fe{CN)2, and ierric cyanide, 
Fe(CN)3, do not exist. Substances having 
the cin])iri(tal composition of the expected 
ferrous eyaiiide arc indeed ]jrodu(;ed in the dry 
heating ammonium ferrocyanide or 
hydroferrocyanic acid, arui in the wet w^ay by 
prticipitating ferrous solutions with cyanide; 
but these are rather to be regarded as ferrous 
ferrocyanide, FCgl Fe(CN)3], and similar com- 
pl(‘x derivatives of hydrohuTocyanic; add, which 
are ’’ ^e(CN)2 (wc Wyrouboff, 

Ann. Chim. Phys. 1869, [iv], 16,280; Hofmann, 
Arnoldi and Hicndlrnaier, Annahai, 1907, 352, 
54). Analogous pro])arations of Fe(CN)3 are 
lacking, for the thermal de(;ompo8ition of 
ammonium I'erricyanido and hydroferricyanic 
acid has not been studied, and only ferric 
hydroxide is produced by the interaction of 
cyanide with ferric; salt solutions. A crystalline 
solid of the composition Feo(CN)c,2H20 has 
been prepared by Reihlen and von Kummer 
(Annalen, 1929, 469, 30) from solutions of 
potassium ferricyanide and ferric nitrate, and 
this is most probably ferric ferricyanide, 
FelFe(CN)J. 

The iron hcxacyanide ions are among the 
most stable complexes encountered in inorganic 
chemistry, the degree of dissociation into 
simpler ions being too small to be measured. It 
appears unlikely that a dissociation yielding the 
simple ferrous or ferric ions occurs at all, and 
when Fe++ or Fe+'i'+ and CN' are brought 
together, formation of complex iron cyanide 
ions proceeds until one or other of the consti¬ 
tuent ions has disappeared. This explains the 
failure of attempts to prepare the simple ferrous 
and ferric C3"anides by wet reactions. The 
formation of I'errocyanidcs from cyanides occurs 
with insoluble as well as soluble ferrous com¬ 
pounds, and even with metallic iron itself. The 
ionic equations 

(a) Fe++-f6CN'-Fe(CN)6"" 

{()) FeS+6CN'-~ Fe(CN)o^'"+S" 

(c) Fe( 0 H) 2 + 6 CN'=Fe(CN)e''"+ 20 H' 

{d) Fe+2H20-f 6CN' 

-Fe(CN)e""-f20H'-{-H2 

testify further to the extreme stability of the 
ferrocyanide ion, for if any appreciable dissocia¬ 
tion into ferrous ions occurred, the solubility 

Von. ITT.—30 


product of ferrous sulphitle {b) or ferrous 
hydroxide (c) and (d) would be exceeded and the 
reaction reversed. 

Eorricyanidc's cannot bo synthesised from 
cyanides and ferric compounds by reactions 
anah>gous to those mentioned above, for cyanides 
can redu(;e ferric salts and f(*rric hydroxide, so 
that ferrocyanidcs result. According to Rupp 
(Z. anal. (diem. 1931, 86, 217), however, if the 
ferric salt is first jirotecdc^d by conversion with 
ammonium phosphate into soluble complex 
ferric phosphate, (quantitative formation of 
ferricyanide occurs on boiling with potassium 
cyanide. EeiTkyanides are generally produced 
by oxidising ferrocyanides, eitlicu- (deetrolytieally 
or with (;hl(jrine or bromiru;. The transition 
I'rom Fe(CN)g''" to Fe(CN)0'"' can be reversed 
under suitable conditions of experiment. Eor 
instance (X —Cl or Br) 

2 Fe(CN)o""d Xg 2Fe(CN)0'"+2X' 

(Gillet, Bull. 8oc. chim. Relg. 1912, 26, 236). 
Jn strongly acid solution under suitable con¬ 
ditions, j)otassmni iodide is oxidised to iodine by 
ferricyanide, whilst in neutral solution ferro- 
c^^aiiide reduces iodine. Oxygen itself will 
oxidise fcrrocy’anidc to ferricyanide in acid 
solution, but not in alkaline. 

The commonest technical forms of ferro- 
C'vanide are “ yellow prussiate of potash,” 
K4Fe(CN)0, and Prussian Idue (ferric ferro¬ 
cyanide, etc.). Other ferrocyanidcs can be 
obtained from the jiotassium salt by double 
decomposition wntJi metallic salts, and from 
Prussian blue by boiling witli the hydroxides or 
carbonates of the alkali and alkaline earth 
metals, when solutions of the oc)rres[)on(Jing 
ferrocyanides are formed. Neither of these 
methods is entirely satisfactory for the pro¬ 
duction of })ure compounds, for the products are 
usually' contaminated by double salts which are 
formed witli great case and are not easily 
removed. If pure products are required, 
it is necessary to neutralise hydrofeiTO(;yanic acid 
with the appropriate base, or to treat barium 
ferrocyanide with the appropriate sulphate. 

The ferrocyanides and ferricyanides of the 
alkali and alkaline earth metals are soluble in 
water, generally crystallising with water of 
crystallisation. The ferrocyanides arc ^'ellowish 
in the hydrated form, and almost white when 
anhydrous. The ferriej'^anides have a charac¬ 
teristic ruby-red colour. The heavj^ metal 
salts of both anions are generally insoluble 
amorphous precipitates, the ferrocyanides having 
characteristic colours which are not related to 
those of the component ions {e.g. cupric ferro¬ 
cyanide is brownish-red, ferric ferrocj^anido is 
deep blue), and this is held to indicate that a 
constitutional change occurs on their formation. 

When heated above 400°C., the solid ferro- 
c^^anides are decomposed into the constituent 
cyanides, e.g. KCN and ” Fe(CN)2,” the latter 
decomposing further into iron, carbon, iron 
carbide and nitrogen. Where one of the 
cyanides is volatile {e.g. NH4CN or HCN), 
the primary decomposition, helped by the escape 
of the volatile product, occurs at a lower 
temperature. The solid ferricyanides undergo 
similar disruption on heating, and are less 
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stable than the ferrocyanides, a loss of cyanogen 
being detectable even at 180”C. Complete 
disruption of the iron cyanide complex also 
occurs when the solid salts react with sulphuric 
acid: with dilute acid HCN is produced, and 
w'ith concentrated acid the product is carbon 
monoxide, derived from HCN by its hydrolysis 
to ammonia and formic acid, the latter being 
subsequently dehydrated. In the case of ferri- 
cj^anicle, carbon dioxide also appears in the 
gaseous product, for the feiTic salt arising from 
the initial disruption of the ferricyanidc complex 
can oxidise some of the formic acid to carbon 
dioxide and water. 

FeiTocyanide and ferricyanidc solutions are 
electrolytically dissociated into metallic kations 
and iron cyanide complex anions. As already 
stated, the complex anions are very stable and 
give rise to no iron kations in solution. Tbider 
certain conditions, however, they are subject 
to a fission of one of the six cyanide groups, 
which is replaced by another group to form the 
complex pentacyanides, f^or instance, ferro- 
cyanide solutions, on heating alone, on treating 
with acids, or by the action of light in the 
abseiuie of acids, become alkaline ami evolve 
HCN, forming aquopcntacyanides in solution. 
The reaction, which is characterised by a 
yellowing of the ferrocyanidc solution, is ionically 
represented as follows: 

Fe(CN)6""+2H20 

-[Fe(CN)5 H20]"M OH'+HCN 
A similar reaction occurs, but more readily, 
with ferricyanidc solutions; in the presence of 
nitric acid the seceding cyanide group may be 
replaced by NO to give nitroso])cntacyariide 
(“ nitroprusside ”), and -with carbon monoxide 
carbonylpentac3^aiiide is produced. 

Ferrocyanides. 

Technical Methods of Preparation. 1. 
Frojri Nitrogenous Organic Matter .—The manu¬ 
facture of ferrocyanides from nitrogenous organic 
matter by the process which led to the discovery 
of Prussian blue, and wdiich was almost the solo 
sourcic of ferrocyanidc and cyanide until 1860, 
has now been entirely superseded and is only of 
historical interest. The forms of nitrogenous 
matter used 'were dried blood, horn, hair, w^astc 
wool and feathers, or the animal charcoal 
obtained by their destructive distillation. The 
material w^as fused with potassium carbonate 
and iron turnings in cast iron muffles or in rever¬ 
beratory furnaces, and the melt was leached with 
hot w^ater to obtain an aqueous solution from 
which potassium ferrocyanidc crystallised out. 
The black insoluble residue from the leaching 
contained double sulphides of potassium and 
ferrous and ferric iron, and various double 
silicates of potassium, calcium and aluminium. 
The loss of potash in this residue appears to have 
been 45-90% of that usefully consumed. 

The efficiency of ferrocyanidc recovery in the 
proc^ess, based on the nitrogen content of the 
organic raw material, was very low. On direct 
fusion of the organic matter with potash, not 
more than 20% of the forrocyanide theoretically 
obtainable was actually recovered (Karmrodt, 
Wagners Jahresber. 1857, 3, 139). When the 


nitrogenous matter was first carbonised alone, 
about 80% of the nitrogen was lost in the 
escaping vapours as hydi'ocyanio acid, ammonia, 
and organic bases, and up to 57% of the nitrogen 
remaining in the charred mass was converted 
into ferrocyanidc, corresponding to an overall 
3d(ild of about 12%. 

Although the rtjactions proceed equally w^ell 
when sodium carbonate is substituted under 
appropriate conditions ibr potassium carbouate. 
the relatively pcxjr ciystallising ])r<)perticH of 
Na4Fe(CN)6 .aq. make the isolation of the solid 
salt more difficult. 

The iirobable mechanism of the ferrocyanidc 
formation (Liebig, Annaleii, 1841, 38, 20) is 
that potassium cyanide is formed dui*ing the 
fusion by the action of potassium carbonate on 
the organic nitrogen compounds pn^sent in the 
charred material {see Kracmer, ILP. 16529 of 
1894, who (icscaibcs the production of cyanide 
by heating carbazolo to redness with caustic 
potash), together with iron sulphides produced 
from the Hul])hiir-containing bodies j)resent 
in the organic material. Some ii’on sulphide 
may also be formed by reduction to sulphide of 
potassium sulphate prcH('nt in the potash. i<\)r 
further d(^tails of the r6]e of sulpliur compounds 
in the fusion, the work of R. Holfmann (Annalen, 
1860,113, 81) may bo consulted. TJie potassium 
cyanide and ferrous sulphide formed during the 
fusion react during the leaching to give potassium 
fernxyanide : 

6KCN+FeS K^FefCN)^^ K.S 

2. From Coat Distillation Cases .—The nitrogen 
content of bituminous coal vari(?s wid(dy, 
generally increasing with the geological age of 
the coal, but rarely exceeds 2%. The two 
types of coal "which are subjected to distillation 
in pra(5tice are gas coal and coking coal. Gas 
coals generally contain from 1 to 2% of nitrogen, 
and nitrogen in various forms appears in all the 
products (coke, tar, gas liquor and gas) of 
distillation (Drehschmiflt, .T. fiir Gasbeleuehtung, 
1904, 677; J. McLeod, J.S.C.l. 1907, 26, 137). 
The distribution of the nitrogen between these 
products varies considerably, being infiuenoed 
by the nature of the coal, its moisture content 
and the conditions under which the distillation 
is carried out. A general indication of the 
nitrogen distribution in the distillation products 
is given by the following collected data on the 
distillation of small samples of dry coal: 


No. 

Coal. 


of total N of the coal in 

Coke. 

NH 3 

HCN 

Tar. 

As N 2 

«as.“ 

1 

Durham . 

48-7 

14-5 

16 


35-2 

2 

Westphalia 

50 

12-14 

L 8 

1-5 

,30*0 

3 

— 

48 

15 


— 

35 

4 

Scottish 

58-3 

171 

1-5 

3-9 

19-5 


1. Foster, J. of Gas Jughting, 1882, 1081. 

2. Knublauch, J.S.C.l. 1896, 15, 106. 

3. Chief Inspector of Alkali Works, 43rd 
Report, 1906, 68. 

4. J. McLeod, J.S.C.l. 1907, 26, 137; Alkali 
Works, 44th Report, 1907, 216. 
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The yields of HCN quoted above are lower 
than those actually produced in large-scale 
working, a partial explanation being probably 
to be found in the fact that the experiments were 
carried out in retorts of iron, a metal which 
favours the decomposition of HCN at the 
distillation temperatures. A study of the 
numerous results of Drehschmidt (J. fiir 
Gasbeleuchtung, 1904, 47, 677 ; see also Bertels¬ 
mann, “ 4'echnologie dcr Cyanverbindiingen,” 
Munich, 1906, p. 161) with English, West¬ 
phalian and Silesian coals docs not disclose 
any connection between the nitrogen content of 
the coal and the distillation yield of HCN. 
On tlie other hand, as the water content of the 
coal (and the quantity of gas liquor obtained 
from it) increases, the yield^of HCN decreases. 
'Tliis is duo to the decomposition of HCN by 
steam at tlio distillation temperature into 
ammonia and carbon monoxide, 

HCN fHgO-NHg4 CO 

(C'arponter and Linder, J.S.C.I. 1905, 24, 63). 
Tluis the elTect of the prcsen(;e of 12% of moist¬ 
ure in a coking coal is to leduce by approxi¬ 
mately one-third the amount of HCN present 
in coke oven gas as compared with toAvn’s gas 
made from diy coal. 

As regards the effect of distillation conditions, 
iiKii’t'asing temperatures eaus(‘. a transfer of 
nitrogen from the coke to the more volatile 
products, k'ading to an increase in the yields of 
ammonia, HCN and gaseous nitrogen. 
Ammonia may be regarded as a primary de- 
(iornpositioii prodind of the coal substance, and 
HCN as a secondary product formed by the 
interaction of ammonia with carbon : 

NHa-f-C ^ HCN+Hg. 

This reaction is endothermic in the direction of 
HCN -formation, which is therefore favoured 
by higher temperatures {sec Hydrocyanic 
Acid, p. 499). The following table shows the 
variation with temperature of the yields of 
ammonia and HCN obtained by O. 8immers- 
baeh (J.S.C.I. 1915, 34, 895) with a Silesian 
coal containing 1-396% of nitrogen : 

Temp. ("C.) . . 600 800 1,000 1,200 

% of total nitrogen— 

asNHg . . . 7-81 21-28 23-15 22-84 

as HCN . . 0-25 0-87 1-23 1-42 

According to Bertelsmann (“ Technologie der 
Cyanverbindungen,” p. 168) the size and nature 
of the carbonisation chamber influence the 
production of HCN, the large and porous 
chambers of coke ovens being disadvantageous 
by comparison with the smaller, relatively gas- 
tight retorts of the gas works. 

The gas leaving the distillation retorts 
contains ammonia, hydrogen sulphide, hydro¬ 
cyanic acid (2-2-6 g. per cu. m.) and tar, and is 
first passed through coolers and scrubbers, the 
primary purpose of which is the removal of tlie 
ammonia and tar. In practice, however, con¬ 
siderable (juantitics of hydrogen sulphide and 
up to one-third of the hydrocyanic acid (depend¬ 
ing on the amount of water used in the scrubbers) 
are also removed. This HCN appears as 
ammonium thiocyanate, and is ultimately 


discharged in the effluent from the ammonia 
stills; this effluent is sometimes worked 
up for thiocyanates, chiefly in England (Bertels¬ 
mann, op. cit. p. 180) via the cuprous and barium 
salts {see Thiocyanate's, p. 508). The gas then 
passes to the iron oxide imrifiers for complete 
removal of hydrogen sulphide, when 50-70% of 
the HCN is simultaneously taken up. This 
cyanide can bo recovered by suitably treating the 
spent mass as described below (Dry Broeess). A 
more recent method of cyanide recovery from 
coal gas, giving greater efficiency, is the use of 
special cyanide w^ashers, generally before the 
ammonia scrubbers (Wet Process). 

(a) Dry Process .—The gas i)urification mass 
consists cither of precipitated ferric hydroxide 
mixed wdth sawdust to increase the porosity, or 
of natural iron ores. The first technically 
successful mass was introduced by Laming 
(B.P. 11944 of 1847), and was made by mixing 
ferrous sulphate with slaked lime and sawdust 
and oxidising the damp mass in air. The use of 
natural ores was introduced by Howdtz in 1870. 
The mass absorbs hydrogen sulphide from the 
gas, forming ferrous and ferric sulphides and 
elementary sulphur, and takes up HCN to form 
Prussian blue and ammonium thiocyanate. 
When saturated with respect to hydrogen 
sulphide, the mass is regenerated by dampening 
and exposing to air, the ferrous and ferric sul- 
pliidos being oxidised to ferric hydroxide 
and sulphur. With successive regenerations the 
sulphur and cyanide contents of the mass 
increase until it is no longer effective as a 
purifying agent. 

The air-dried spent oxide ” is a dirty green¬ 
ish, friable substance siTudling strongly of 
ammonia, and organic sulphur eornjxjunds, and 
generally (containing up to 50% of free sulphur 
and 10-14% of Prussian bine, except that the 
blue content does not rise above 4% when a 
cyanide washer has been used. This latter 
material is not considered attractive as a 
source of ferrocyanide, the minimum content at 
which spent oxide is saleable for ferrocyanide 
recovery being about 7%. Ammonium thio¬ 
cyanate may be present in quantities varying 
from traces up to 10%. The ferrocyanide in 
spent oxide is formed from the ferrous hydroxide 
and ammonium cyanide, and is then converted 
into Prussian blue by interaction with the ferric 
iron. Ammonium thiocyanate is formed from 
hydrocyanic acid and ammonium polysulphido, 
the latter obviously arising from the presence of 
ammonia, hydrogen sulphide, and sulphur in 
the purifier ; the formation of thiocyanate is 
favoured by raising the temperature, as occurs 
if the mass is regenerated quickly. 

The different methods adopted for the treat¬ 
ment of the spent oxide are all variants of the 
following general procedure. The soluble 
ammonium salts (chiefly sulphate and thio¬ 
cyanate) are removed from the screened mass by 
systematic leaching with cold water for 14-24 
hours, and the residue is dried. At this stage 
the elementary sulphur may be removed by 
solvent extraction, for example, wdth carbon 
bisulphide. This step is tochnically advan¬ 
tageous, since it minimises the formation of 
unwanted thiocyanate at a later stage, but is 
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economically unsound owing to the fact that the 
sulphur recovered is contaminated with tar 
which can only be removed with great difficulty. 
The dry mass is then mixed in thin layers with 
the calculated amount of powdered slaked lime 
to decompose tlie Prussian blue content, the 
mixture warmed to drive off the last retained 
traces of ammonia, and then leached with 
water. An impure solution of calcium ferro- 
cyanide is produced, from which the sodium or 
pota-ssium salt may bo obtained by decomposi¬ 
tion with the corresponding carbonate, filtering 
off the precipitated calcium carbonate and 
crystallising the solution. On the other hand, 
a Prussian blue may be directly juecipitated 
from the im])ure solution by acidifying with 
hydrochloric acid, removing the precipitate of 
sulphur thus formed, and adding ferrous or 
ferric salt solution, and the precipitated blue 
converted into potassium ferrocyanido by 
boiling with caustic potash and eva])orating the 
solution : this lengthy and expensive process is 
now used only for ferrocyanide recovery from 
mother licpiors and wash waters obtained in the 
process to be described below. 

Two improvcMl methods of working up the 
impure calcium ferrocyanide solution were 
described by Kunheim and Zimrnermann 
(B.P. 3342 of 1883), and arc now^ generally used. 
In the first, the sparingly soluble double salt 
K2CaFe(CN)6 is separated by the addition to 
the hot, concentrated solution (at 8(PC.) of the 
calculated amount of potassium chloride wdth 
constant stirring. The solid is filtered off and 
w^ashed with a limited quantity of water ; the 
filtrate and washings arc worked up for j)otas- 
siurn ferrocyanide via Prussian blue by the 
method described above. The crystalline double 
salt is treated witli the calculated amount of 
potassium carbonate solution at the boiling- 
point, when calcium carbonate separates. The 
clear potassium ferrocyanido solution is left to 
crystallise for 14 days, and gives directly a pure 
product. In addition to the purity of the 
product, this process has the advantage that 
one-half of the calcium replacement is achieved 
with the cheaper potassium chloride instead of 
potassium carbonate. The .second improved 
method makes use of the sparing solubility of the 
calcium ammonium double salt; in this case, 
sufficient ammonia is allowed to pass the 
ammonia scrubber in the gas purification to 
ensure that the double salt Ca(N H4)2Fe(CN)g 
is precipitated from the leaching solution on 
neutralising with hydrochloric acid. This salt 
is then decomposed with lime to give a pure 
calcium ferrocyanide solution, which is filtered 
and treated by the KCI-K^COg process 
already described. The product is very pure. 

(b) Wef Process ,—The wot process of cyanide 
removal first came into successful practical 
operation in 1895, and is now an important 
source of ferrocy^anides. It has several advan- ' 
tages over the dry process. The absorption j 
of HCN in purifier boxes is an involuntary < 
adjunct to the main purpose of sulphur removal, ; 
and the removal of HCN is not complete. < 
The cyanide scrubber, on the other hand, « 
provides a controlled method of cyanide removal i 
which works at an efficiency of nearly 100%; i 


) and the recovery of ferrocyanide from “ cyanide 
' mud ” is considerably easier than from spent 
. oxide. It is also stated that the w'orking 
L efficiency of oxide boxes for HgS removal is 
j greater with gas which has already passed 
! through a cyanide washer, and that the spent 
! oxide produced from such a gas is more suitable 
for sulphuric acid manufacture (l)rory, J. fiir 
Gasbeleucbtung, 1903, 46, 143). 

The first practical absorbent to be pro})osod 
was a suspension of ferrous hydroxide in an 
alkali carbonate solution (Knu blanch, B.P. 
15164 of 1887, Ber. 1888, 21, 208), but the 
proces.s difl not meet wuth commeniial success. 
Foulis (B.P. 9474 of 1892) substituted for ferrous 
hy’^droxide in the slurry a partially oxidised 
basit; ferrous carbonate, the reagent htu'ng made 
by precipitating a ferrous salt srHution with 
sodium carbonate, w^ashing the precij)itate and 
suspending it in sodium carbonate solution. This 
wa.shing medium has achieved commertiial success 
when used in a rotary washer designed to haudlo 
slurries (Foulis and Hohries, B.P. 15168 of 
1895). Wiieii the cyanide washer is placed after 
the ammonia scrubber, the absorbed cyanide 
appears in the form of soluble sodium ferro- 
cy^anide, which is recovered by evapoi’ating the 
solution after filtering oil’ the suspended solids. 
A modified method of operation, practised at the 
11 ague gas works, was doscrihod by Button 
(.1. of Gas Lighting, 1902, 80, 875) and by 
Jorissen and Hutton (J. fur Gasbeleucbtung, 
1903, 46, 716): the crude gas, after tar separa¬ 
tion, is passed through the cyanide w^asher before 
going to the ammonia senihlxir, and a 20% 
increase in the cy^anido recovery results, both 
soluble and insoluble fcrrocyanides being 
formed. The saturated liquor from the w’asher, 
containing Prussian blue, potassium and 
ammonium ferrous ferrocy’anidcs in suspension, 
and ammonia and j)otassium ferrocyuinides in 
solution, is filter-pressed, and the filtered solution 
distilled to sey)arate ammonia and then evapo¬ 
rated in vacuo to crystallisation. The press- 
cake is boiled wuth caustic j)ota8h and the 
ammonia collected, the iron oxide being 
returned to the cyanide washer and the solution 
of feiTocyanide procjeeding to tlie evaporation 
plant. 

The ammonia present in the gas may itself 
be used as the aUiali and the crude gas bo 
simply washed with a ferrous sulphate solution. 
In this case, ammonia and hydrogen sulphide 
present in the gas give ammonium sulphide, 
so that the wash liquor is quickly converted into 
a suspension of ferrous sulphide in ammonium 
sulphate solution : the ferrous sulphide sub¬ 
sequently reacts with ammonium cyanide in 
solution. Earlier processes of this kind (Row¬ 
land, B.P. 22347 of 1891; Lewds and Cripps, 
B.P. 20883 of 1896; Schroder, B.P. 19849 of 
1898; Teichmann, B.P. 12485 of 1899) used 
dilute ferrous salt solutions so that ammonia was 
always present in excess, wdth the object of 
obtaining ferrocyanide wholly in the soluble 
form, Bueb, on the other hand (B.P. 9076 
of 1898), almost completely avoids the formation 
of soluble salts by using a saturated ferrous 
sulphate solution, maintaining ferrous iron 
in permanent excess in the solution and pro- 
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ducing ferrocyanide in the insoluble form. 
This process is widely used, and is said to 
absorb 98% of the hydrocyanic acid in the 
gas to give a mud containing the equivalent of 
18-20% of K4Fe(CN)g (Buob, J. fur Gas- 
boleuchtung, 1900, 43, 747). The mud is treated 
witli some ferrous sulj)Iiate solution to convert 
small quantities of soluble ammonium ferro- 
cyanide into insoluble ferrocyanide, and then 
with steam to remove ammonia. It is then 
drit^d in filter presses and the cake, containing 
the e(]uivalent of 40% of K4Fe(CN),^, is con¬ 
verted into calcium ferrocyanide solution })y 
boiling with milk of lime. The clarified solution 
is then converted into potassium ferrocyanide 
by th(^ method of Kimheim and Zimmermann 
already described. 

The meehanisTu of ferrocyanide formation in 
the w'ct Mbsorption of cyanide from coal gas, and 
an explanation of tlie effect of the variation of 
the conditions on the form in which the product 
appears, have been given by Feld (J. fiir Gas- 
beleuchtung, 1964, 47, 132). lie considers that 
the basic reaction is between ammonium cyanide 
and ferrous sulphide, Ibrnied in the way 
j)roviouHly explained. If ferrous sulphide is 
])resent in excess, inRolul)le ferrous ferro¬ 
cyanide is the main ])roduct; under more 
balanced conditions, insoluble ammonium 
feriouH ferrocyanide is formed in increasing 
quantities, and when there is a deficiemy of 
ferrous sulphide^ th(! soluble ammonium ferro¬ 
cyanide is ])roduecd. 

3. From Thiocyanates .—]\Iany processes have 
been described for the conversion of thio¬ 
cyanates, which are formed in various methods 
of cyanide synthesis and in gas purification, 
into the more valuable fcrrociyanides. Q’he 
processes consist essentially in a desulphurisa- 
tion with metallic iron, ami may be carried out 
with the molten salts or their solutions. 
Alexander (J. fiir Gasbelouchtung, 1878, 21, 20) 
described a method in whi(;h ammonium thio¬ 
cyanate, potassium carbonate, carbon, and 
iron fdings are rubbed to a paste with oil and 
heated in a closed iron vessel to red heat. The 
reaction product is leached with an aqueous 
suspension of freshly })rccipit ated ferrous 
hydroxide, and the filtrate evaporated to 
crystallisation. Tscherniac and Gunzburg (B.P. 
1261 of 1881, see also 1148 of 1878 and 1,359 of 
1879) and Hetherington and Musi)ratt (B.P. 58.30 
of 1894) used a 20-30% excess of reduced iron 
and molten potassium thiocyanate which had 
been dried at 300^0., the reaction temperature 
being 445''C. Crowther, Rossitor, Hood and 
Albright (B.P. 8305 of 1894) recommend drying 
the thiocyanate in a stream of nitrogen or earbon 
dioxide. In laboratory experiments on Hether- 
ington’s method, Conroy (d.S.C.T. 1896, 15, 12) 
obtained a 77% conversion of thiocyanate to 
ferrocyanide. The mechanism of the reaction is i 
analogous to that of ferrocyanide formation 
from nitrogenous organic matter, viz. cyanide 
and ferrous sulphide are formed during the i 
fusion, and react to give ferrocyanide during the ^ 
leaching. i 

The desulphurisation may be carried out in ' 
solution by the method of Sternberg (G.P. i 
32892 of 1882), by heating a solution of potas- ] 


, siuiu thiocyanate with twice the theoretical 
► weight of iron filings necessary for sulphide 
! foi-mation and twice the theoretical weight of 
ferrous hydroxide necessary for ferrocyanide 
formation, at 11()-12()^'C. under pressure. In 
12 hours a (!onversion of 80% is obtained. 
Conroy (d.»S.(M. 1898, 17, 98) used a mixture of 
calcium thiocyanate and ferrous chloride and 
iron in w^atc^ at 140-15(rC. to increase the rate 
of reaction ; 

Ca(CNS)^f2Fe+FeClo 

CaCljjl Fe(CN).H 2FeS 

Tdie mml is treated with hydrochloric acid to 
dis.solve ferrous sulphide, and the ierrous ferro¬ 
cyanide boiled with alkali to form soluble ferro¬ 
cyanide. 

Copper (Bower, B.P. 361 of 1896) or nitric 
acid may be uscfl as desulphurising agents {see 
Hydrocyanic Acid, p. 492). 

4. From (Jyanides .—The fact that the con¬ 
version of synthetic cyanides into fcrrocyanides 
is becoming a technical pro(;esH dis})lacing tho 
re(;overy of by-product huTocyarjide at gas 
works, especially in the I riitod States, indicates 
the change, in the relative econoniy of cyanides 
and fcrrocyanides wdiich w as caused by the intro¬ 
duction of cyanide synthesis proccRS(‘.s from 
ammonia and from nitrogen. The te(*bnical 
conversion of cyanide to ferrocyanide is brought 
about by the action of cyanide solution on 
iron, iron sulphide or fiTrous salt. The chief 
source of cyanide for this pur])ose is the cr\ide 
cahanin cyanide (analysing 4.5% Ca(CN)2, 
.32% NaCI) obtained oti fusing technical calcium 
cyanamide wdth sodium chloride {see Alkaline 
Karth (.^yanidos, p. 488). This is dissolved in 
wat(T and treated wdth the calculated amount of 
ferrous sulphate to satisfy the requirements of 
tho reaction equation 

3Ca(CN)24 FeSO^- CaSO^ f Ca 2 Fe(CN)e, 

and with slightly less than the amount of 
sodium carbonate equivalent to the ferro¬ 
cyanide produced : 

Ca2Fe(CN)642Na2C03 

-Na.iFe(CN)gf 2 CaC 03 . 

The sodium ferrocyanide in solution is separated 
from the sodium chloride by crystallisation 
(Washburn, U.S.P. 1398453, 1921 ; Hugh, 

U.S.P. 1650.390, 1927). 

The American Cyanamid Co. (U.S.P. 1667839, 
1928) proposes to make the slightly soluble 
calcium potassium ferrocyanide by a similar 
reaction after addition of potassium chloride. 
The straightforw^ard interaction of sodium 
cyanide (the commonest synthetic cyanide) 
with ferrous sulphate presents some difficulty 
in the separation of tho two soluble products, 
sodium ferrotiyanide and sodium sulphate. 
According to Dominik {see, Chem. Zentr. 1923, 
IV, 494), tho solubility relations are such that 
sodium sulphate is retained in solution on 
evaporation above 32'^C. For the conversion of 
sodium ferrocyanide into the potassium salt, 
which is sometimes retpiired, it is necessary to 
add to the hot solution a considerable excess of 
potassium chloride and to cool to crystallisation 
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(Conroy, J.S.C.I. 1898, 17, 98; Petri, G.P. 
212698, ]909). 

Instead of using cakiiuni eyanide made from 
cyanainide, the Strontian- iirid Potasche- 
Fabrik (G.P. .‘^30194, P.)20) describe a method 
of converting cyanainide directly into ferro- 
cyanide by heating it to redness with potassium 
carbonates and iron shavings in the absence of air. 

pROPEKTlES OF THE FeRKOCVANIDES.—III this 
section the principal characteristics are described 
of those salts which possess technical interest. 
For further information, “ C'yanogen (bm- 
poiinds ” by H. E. Williams (1915) or an 
** Inorganic Chemistry ” e.g. Mcllor’s should be 
consulted. 

Ammonium ferrocyanide is prepared in 
atjueoiis solution from the free acid and 
ammonia, from barium ferrocyanide and 
ammonium svilphate, or from lead ferrocyanide 
and ammonium carbonate. The solid salt, 
(NH,)4Fe(CN)«,3H20, is obtained by evapo¬ 
rating the solution in vacuo (Briggs, d.C.lS. 
1911, 99, 1019), or by precipitation with 
alcohol ((hinirning and Good, J.C'.S. 1926, 129, 
1924). The salt crystallises with dilliculty in 
very pale yellow plates, isomorphous with 
the potassium salt (Bunsen, Pogg. Ann. 1835, 
36, 404). When (NH4)4Fe(CN)Q is heated in 
vacuo, decomposition begins at 110"C., NH4CN 
being evolved (Mittasch, Kuss and Emcrt, 
Z. anorg, Chem. 1928, 170, 193); at 320 
“ Fe(CN)2 ” remains behind, which begins to 
evolve nitrogen at 430X'.; and at TOO'C, a 
mixture of iron, iron carbide and nitride 
remains. When the heating is carried out in an 
atmosphere of hydrogen, methane and ammonia 
are formed and the residue is pure iron. The 
aqueous solution decomposes on boiling to 
give ammonium cyanide and an insoluble residue 
possibly consisting of jiartly oxidised ammonium 
ferrous ferrocyanide. 

From solutions containing much ammonium 
chloride a double salt, 

(NH4)4Fe(CN)6*2NH4CI,3H20, 

crystallises readily in well-formed orange- 
yellow rhombohedra, which wore formerly 
mistaken for the ammonium salt (Bunsen, lx.). 

Barium ferrocyanide, Ba2Fe(CN)Q,6H20, 
is precipitated on mixing strong solutions of 
barium chloride and sodium ferrocyanide 
(Ewan and Napier, J.S.C.I. 1913, 32, 407) as a 
light yoliow, crystalline powder. The prepara¬ 
tion of pure barium salt from K4Fe(CN)g is 
difficult, as the product generally contains 
potassium; Walker (J. Amcr. Chem. Soc. 1895, 
17, 927) avoided the difficulty by first making the 
dimotliylaniline salt and decomposing this with 
barium hydroxide, extracting the liberated 
dimethylaniline with ether. The dried salt, 
heated in vacuo or in nitrogen, begins to 
decompose at about 500°C., giving nitrogen, 
carbon, iron, and barium cyanide and cyanamide. 
When oxygon is comj)letely excluded, the 
molecular ratio of cyanamide to cyanide in the 
product is 2:1 (Ewan and Napier, l.c.). The 
solubility of the salt in water, expressed as g. of 
anhydrous salt in 100 g. of water, is 0*34 at 
15-5X. and 1-01 at lOOX. More than 6 
molecules of water of crystallisation are rela¬ 


tively easily removed by heating to 80°C. for a 
few hours, but the remainder is not ciompletely 
given up, even at 180°C. (Ew^an and Napier, l.c.). 

Barium potassium ferrocyanide, 

BaK2[Fe(CN)6],3H20 or SH.O, 

is precipitated as a pale yellow', crystalline 
pow'der on mixing equivalent quantities of dilute 
solutions of barium chloride and 2)()tassium 
ferrocyanide. The crystals effior(;sce readily, 
a property^which accounts for the mict'rtainty as 
to the amount of water of crystallisation. Idie 
solubility in waiter (g. of anhydrous salt in 100 g. 
of water) is 2-1 at 15-5'(I and 6 08 at lOO'^'C. 

Calcium ferrocyanide, 

Ca2Fe(CN)y,11H20, 

is made by treating Frussian blue wdtli milk of 
lime, neutralising hydrol’errocyanici acid with 
calcium carbonate, or from 2)otassium ferro¬ 
cyanide via the dimethylaniline salt (Arc Barium 
Ferrocyanide, above). The crystals were 
formerly believed to contain I2H2O, but more 
recent w-ork (Berkeley, Hartlo}^ and Burton, 
Fhil. Trans. 1909, 209, (A), 177; Gumming, 
J.fkS. 1924, 125, 240; Farrow% ibid. 1926, 
129, 49; 1927, 1153) favours lIHgO. The 
salt is extremely soluble in w'atcr (cf. the 
barium salt), giving viscous solutions at high 
concentrations. The crystals cffiuresce and lose 
all but 4 molecule of water at 40“0. 
Gumming (l.c.) detected some liydrolysis to give 
a compound Ca4Fe2(CN)jiOH on lu'ating at 
lOO^'G. in a current of oxygen-free gas. At 
500X. in the absence of oxygi’U, J’im.'ass 
(Ghcm.-Ztg. 1922, 46, 661) observed a decom¬ 
position to give cah'ium cyanamide ; 

Ca 2 Fe(CN)e- 2 CaCN 2 +Fef N2+4C 

Calcium ammonium ferrocyanide, 
Ca(NH4)2Fe(CN)6, 

may be proj)ared from calcium chloride and 
ammonium ferrocyanide solutions, and forms a 
wdiite, minutely crystalline pow'der, containing 
no water of crystallisation, which becomes 
coloured on exposure to light. 100 g. of water 
at 15-17°G. dissolve 0-258 g. of the salt (J. 
Campbell Drown, J.C.S. 1907, 91, 1826). Tho 
insolubility of the salt is used in se])arating 
ferrocyanide from gas purification mass. 

Calcium potassium ferrocyanide, 

CaK2Fe(CN)„ 

is made from calcium chloride and jiotassium 
ferrocyanide solutions, forming a wliitc pow der 
of small quadratic prisms which are anhydrous 
and discolour slightly on exposure to light. At 
15-17°C. the solubility is 0*41 g. per 100 g. of 
water (J. Campbell Browm, l.c.). 

Cupric ferrocyanide, Cu 2 Fe(CN)g.aq., 
can be prepared either from cupric salt and 
ferrocyanide, or from cuprous salt and ferri- 
cyanide, for the ionic oxidation-reduction 
equilibrium 

Cu'^'*" + Fe(CN)e"" Cu + + Fe(CN),"' 

is almost completely to the left (Muller, Wegelin 
and Kellerhoff, J. pr. Chem. 1912, [ii], 86, 82) 
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The usual method of preparation is by the 
addition of a solution of calcium ferrocyanide or 
hydroferrocyanic acid to an excess of cupric 
chloride, and the product is a red-brown, 
amorphous Rubstance containing varying 
amounts of water. It is very slightly soluble in 
wat(‘r and dilute acids, but can bo brought into 
colloidal solution by moans of peptising agents, 
])articula,rly through the agency of forrocyanide 
ions adsorbed from solutions. The browm 
pn^cipitato formed wdien cupric salts react with 
potassium ferrocyanide (Hatchett’s brown, 
formerly used as a pigment) alwuiys contains 
. potassium, even when cupric copper is present in 
excess, and this may b(‘ explained either by 
adsorption of K 4 Fe(CN)Q by the solid 
Cu 2 Fe(CN)fl (Luckow, Chom.-Ztg. 1892, 16, 
104, 830, 1428; Duclaux, Compt. rend. 1904, 
138, 144, 071) or by the formation of a double 
salt {e.g. CuKgf Fe(CN)Qj, 2 H 20 , Reihlen and 
Zimmei inann, Annalen, 1927, 451, 75). Colloidal 
membranes of copper ferrocyanirles have been 
used extimsivcly in the study of osmosis, and 
copper forrocyanide fmds application in photo¬ 
graphy for toning : the black deposit of 
silver in a bromide print is converted into a 
red one, consisting of copper ferrocyanide, by 
immersion in a solutioiv of copper sulphate, 
potassium ferricyanide, and potassium citrate 
(Ferguson, Phot. J. 1900, 133). 

Reihlen and Zimmerrnann (Annalen, 1927, 
451, 75) regard cupric ferrocyanid(‘ as the 1 
copper salt of a complex anion containing both 
copper and iron ; for on boiling with milk of lime 
it gives brown crystals of Ca[CuFe(CN)fl], 
ami with dilute ammonia it gives the salt 
[Cu (N Hj 5 ) 4 ][CuFe(CN)p]H 20 ; such reactions 
indicate that onc-half of the (‘opper in cupric 
ferrocyanide is in the com])lex ion. 

Cuprous ferrocyanide is not known in the 
simpki foj jii, but the existence of the double salts 
KCu 3 Fe(CN)p and K 2 Cu 2 Fe(CN)Q ha.s been 
indicated by JMiilkT, Wegelin and Kcllcrholi’ 
(J. pr. Chem. 1912, [ii], 86 , 82), u.sing the 
method of indirect analysis described later. 
Messner (Z, anorg. Chem. 1895, 8 , 368) describes 
the preparation of KgCUgFe (C N)(, by the action 
of cuprous cyanide or cuprous chloride, in the 
presence of potassium sulphite to prevent oxida¬ 
tion, on potassium forrocyanide solution, the 
mixture being quickly cooled to obtain the 
double salt in the form of colourless plates. 
It appears likely that, in the above double salts, 
the copper is part of the complex ion (Reihlen 
and Zirnmormann, Annalen, 1927, 451, 75). 
The cuprous forrocyanide compounds differ 
from other ferrocyanides in evolving the whole 
of their cyanogen as hydrocyanic acid on 
boiling w ith dilute sulphuric acid {see Dewranco 
and Williams, B.P. 28074 of 1908), 
Hydroferrocyanic acid, H4Fe(CN)0, may 
be prepared by the decomposition of a suspension 
of the lead salt with sulphuric acid and evapora¬ 
tion of the filtrate, or by treating a concentrated 
solution of potassium forrocyanide with excess 
of concentrated hydrochloric acid, preferably 
with addition of ether (^ee, for example, Mittasch 
and Kuss, Z. Elektrochem. 1928, 84, 159). 
The acid crystallises in colourless scales which are 
washed with water saturated with ether, and 


dried over sulphuric acid. It may be purified 
by dissolving in alcohol and precipitating with 
ether; it obstinately retains ether, with which it 
forms a compound {see, for example. Gumming 
and Brown, J.»S.C.I. 1928, 47, 84T), and must be 
heated to KXf’Cl in a stream of dry hydrogen to 
free it completely (Browning, J.G.S. 1900, 
77, 1234). Heated in the absence of oxygon, the 
acid begins to decompose at ]5ff’C. into HCN 
and “ Fe(CN) 2 .” Tlie solubility of the acid 
in w ater at 14'C. is 13 g. yjor 100 g. of solution. 
The solution is readily oxidised by air at higher 
temperatures, forming a blue substance which is 
assumed to be Prussian blue; this reaction is 
used in calico printing for the produ(;tion of blue 
patterns. 

Ferrous ammonium ferrocyanide, 
Fe(NH4)j[Fe(CN)„1, 

is formed when ammonium forrocyanide 
solution is exactly precipitated by a ferrous salt 
in the presence of an excess of an ammonium 
salt, oxygen being exchided. It is also formed 
wh(;n ammonium ferrocyanide is distilled with 
an acid in the absence of air. 

Ferrous potassium ferrocyanide, 

K2Fe[Fe(CN)e], 

{EtJcriWs salt) is produced by heating saturated 
potassium ferrocyanide solution for 40 hours at 
90®C. w'ith an equal volume of 20% sulphuric 
acid, washing and drying the residue with 
exclusion of air (Hofmann, Heine and Hochtlen, 
Annalen, 1904, 337, 1). 3’ho pale yellow product 
is not oxidised by air, and is therefore different 
from the isomeric salt obtained when solutions of 
potassium ferrocyanide and ferrous chloride are 
mixed (Hofmann, Lc.). For this reason Reihlen 
' and Zimmerrnann (Annalen, 1927, 451, 76) 
formulate it as K 2 [Fe 2 ^(CN)g]. 

Iron cyanide blue compounds. —The blue 
compounds of iron and cyanogen may be pre¬ 
pared by the interaction of ferric salts with 
ferrocyanides, or of ferrous salts with ferri- 
cyanides, in neutral or acid solution. The 
constitution of these compounds is discussed in 
greater detail on p. 473, but it may be stated 
Iktc that they arc believed to be ferric ferro- 
cyanidcs. Muller has shown that tho com¬ 
position of the unw^ashod precipitate initially 
formed depends on tho relative quantities of 
reagents employed (Chem.-Ztg. 1914, 38, 281, 
328), Starting from potassium ferrocyanide 
and ferric chloride, Prussian blue is precipitated 
when the molar ratio K 4 Fe(CN)g/FeCl 3 is 
less than 0-75 ; for values between 0*75 and 
0*92 the precipitate contains increasing quantities 
of KFeJii[Fei^(CN)Q], and when the ratio 
exceeds 0-92 the substance K 2 Fei^[Feii(CN)g] 
is also present. Starting from potassium ferri¬ 
cyanide and ferrous chloride, a precipitate of the 
composition KFe 2 ^Fe 5 ^^[Fe^i(CN)Q ]5 is ob¬ 
tained when tho molar ratio K 3 Fe(CN)g/FeCl 2 
is less than 0-714; between 0-714 and 0-76^ 
asubstance KFe^iFe 3 ^^^[Fe^^(CN) 6]3 is formed, 
which Muller regards as ordinary TurnhuWa 
blue; from 0-75 to 0-9 increasing quantities of 
KFe^^[Fei^(CN)g] are present, and finally, 
when the ratio exceeds 0-9 ordinary Prussiem 
blue, Fe 4 ^i[Fe^*(CN) 0 ] 3 , appears. 
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Blue compounds are also obtained by the 
oxidation of ferrous ferrocyanide, and by the 
reduction of ferric ferricyanide. All the blue 
compounds are amorphous substances contain¬ 
ing indefinite (juantities of water, some of which 
is so tenaciously retained as to be regarded as 
water of constitution. Their colour depends on 
the composition, water content, and })arti<*le 
size, and varies from pure lilue to deep violet 
blue, a coppery metallic surface reflection being 
sometimes also present. They do not form true 
solutions in w ater. The so-called “ soluble 
blues” give deep blue colloidal solutions with 
pure water, from which they can be precipitated 
by the methods normally effective with colloidal 
solutions. “ liiKoluble blues ” are not peptised 
in pure water, but only in oxalic acid solution, 
and sometimes in aci(l or neutral oxalates and 
tartrates. 

The blue compounds are quite stable towards 
dilute acids, (.'oncentrated hydrochloric and 
sulphuric acids dissolve them wdth decom¬ 
position, giving ferrous or ferric salt and hydro- 
ferro- or hydroferri-cyanic! acid; the blue may 
be re-form(*d on diluting the solution. They are 
coagulated by alcohol. Alkalis, or salts with an 
alkaline reaction, decompose them to give iron 
hydroxide and ferrocyanide, the rate of decom¬ 
position varying wdth th(> different eomf)ounds 
and j)roviding a method of distinguishing them. 
Colloidal solutions of J^rnssian blue ({>-2 to 2%) 
are negatively charged, the blue being coagulated 
by kations, especially hydrogen ion. 

The characterisation of diflerent blues by 
analysis is diffuadt. Simple analytical nuitbods 
are useless because the colloidal nature of the 
blues gives them the ])roperty of strongly 
adsorbing dissolved salts from solution, and 
renders the usual methods of purifloation 
generally im])racticable. In addition, some blue 
compounds, which contain ferrous iron outside 
the complex radicle, are easily oxidised by 
atmospheric oxygen, so that changes of com¬ 
position may occair during the manipulation 
of the original product, unless special pre¬ 
cautions are taken. Tor this reason, the indirect 
method of analysis, by which the composition 
of a precipitate is determined by mixing knowm 
quantities of the reagents and estimating the 
excess left in the supernatant liquid, has been 
used by Miiller and his school (Muller and 
Staniseh, J. pr. Chem. 1909, [ii], 79, HI ; 
1909, [ii], 80, 153 ; Muller, Wegelin, Treadwell 
and Diefeiithaler, ibid. 1911, [ii], 84, 353 ; Muller, 
ibid. 1914, [ii], 90, 119) and by Woringer 
{ibid. 1913, [ii], 87, 51), although the objection 
still holds that the precipitate is not a pure 
substance on account of adsorption. 

A description w ill now^ be given of the more 
important types of blue compounds, the data 
referring in each case to the solids obtained 
after exliaustivo drying of the original precipi¬ 
tates with phosphorus pentoxide. Our know¬ 
ledge of these compounds is largely based on the 
work of Hofmann and his collaborators (Hof¬ 
mann, Heine and Hochtlen, Annalcn, 1904, 337, 
1; Hofmann and Resenscheck, ibid. 1905, 340, 
267; 1905, 342, 364; Hofmann, Amoldi and 
Hiendlmaier, ibid. 1907, 352, 64). The blue 
compounds are now formulated either as salts of 


hydroforrocyanic acid, H 4 [Fe^^(CN)g], or as 
salts of a hydro-ferro-fcrricyanic acid, 
H[FeifFeiii(CN)J 

{see Constitution of the Blue Compounds, 
p. 473), and in the following section the formulae 
for both systems are qiioU'd. 

Soluble Prussian blue, 

KFeii^[FeiJ(CN)g]aq. or 

K[Fe“Feiii(CN)6jaq., 

is formed when cold neutral solutions of potas¬ 
sium feiTocyanide and ferric (chloride are mixed, 
tlie ferrocyanide heitig in exc(\ss ; the precipitate 
is w'ashed with aqueous alcohol to free it from 
electrolyte, and (iritnl in vanw over Bulphiiric 
at^id or phosphorus pentoxide. Th(^ same 
substance is also formed by adding cold neutral 
ferrous salt to an excess oi‘ ]K)tassium ferri- 
eyanide solution, and similarly tn^ating the 
])recipitaU* (Skraiip, Annalcn, 1877, 186, 371 ; 
Hofmann, Heine and bl()chtl(‘n, Annaleii, 1904, 
337, 1). "I'lie water content of the dric'd sub¬ 
stance is variously reported as np to 4Hj,0, 
of which 2 molecMdes cannot be removed 
without decom}K)sition, and are Iherefon'! 
regarded as constitutional. The suhstiince is 
soluble in water, giving a colloidal solution 
w'hieli is coagulated i)y adding strong electrolytes 
or acids, and by alcohol. Jt is also soluble in 
oxalic acid solution. 

Substances of similar f*om})osition and but 
slightly diffenmt ])roj)(Tties are (d)iained by 
treating ferrous suljdiate solution Aviih potassium 
ferrocyanide, and oxidising th(‘ white ferrous 
fl'rroeyanido prodneed. either with atmosplierie 
oxyg(‘U or with hydrogcMi ])eroxifle. Wlieii this 
is done in neutral solution, tlie product, 

KFei^iiFeiMCN)6],H20, 

is soluble in wat(T, but not in oxalic acid solu¬ 
tion and is immediately decomposed by ammonia 
solution (Hofmann). When tlie j)reparation is 
carried out in th(‘ presence of 1% of sulphuric 
acid, on the other hand, it yields an isomeric 
blue compound which is soluble in water and in 
oxalic acid solution, but is more stable tow'ards 
ammonia solution, requiring 6-7 minutes for the 
preeiiutation of ferric hydroxide. 

A soluble blue containing ammonium instead 
of potassium {Monihier's blue) can be obtained 
by oxidising ferrous ammonium ferrocyanide 
with air or hydrogen peroxide. 

Insoluble Prussian blue, 

Fe,nMFen(CN)e] 3 aq. or 
Feni[FenFe^ii(CN)6]3aq., 

can be made by decomposing cold neutral or 
slightly acid potassium ferrocyanide solution 
with excess of ferric salt, washing the pre¬ 
cipitate with dilute hydrochloric acid and drying 
it in vacuo. It is also produced from soluble 
Prussian blue by digesting with ferric chloride 
solution; 

3K[Fe”FeHi(CN)3l-f FeCl^ 

-Fe«i[FenFei«(CN)6]3+3KCI; 

by oxidising ferrous ferrocyanide in the presence 
of excess ferrous salt; and by oxidising insoluble 
Turnbuirs blue, a compound containing ferrous 
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iron outside the complex radicle (.see below) 
(Muller, Chem.-Ztg. 1914, 38, 281, 328). The 
water content of the product varies considerably 
according to the treatment during preparation, 
but after long drying in vacuo over phosphorus 
pentoxide reaches a lower limit of 10-11 H 2 O 
(Ffofmann, Heine and IHuditlen, Annalen, 
1904, 337, 1). Eurther dehydration by heating 
above 150°C. is acoomj)anied by decomposition. 
Insoluble Trussian blue does not give colloidal 
solutions with pure water, but only with oxalic 
acid, oxalate and tartrate solutions. 

Oxidising agents siudi as chlorine and nitric 
acid frecpuintly give rise to green solutions and 
gr(‘en ])recipitates (“ Prussian green ”), which 
are be]i(‘vcd to be comjdex mixtures inter¬ 
mediate in composition between ferric ferro- 
cyanide aiid ferric ferric‘yankle. 

Insoluble Turnbull’s blue, 

FenFe 2 i^i[Feii(CN)„l„aq. or 

Fe*i[Fe^^FeWi(CN)o]2aq., 

is produced by precijutaling a solution of 
j)olassium ferricyanido with (‘xcess of ferrous 
salt, or by treating soluble Prussian blue with 
fcTrous salt: 

2K[Fe^iFeii^(CN)J+FeClo 

-Fe^M:FeiiFe”^(CN)e]2-} 2KCI. 

It is formed by the reduction of insoluble 
Prussian blue with terroiis ion or sulphite 
(iMlillcr, d. pr. (diem. 1914, [ii], 90, 119). The 1 
water contemt of d’unibuirs blue is variously 
reported. The liliu'is colloidally soluble in oxalic | 
acad solution, but not in water. Moderate 
oxidation, or reaction with h'rric salts, gives 
insoluble Prussian blue : 

3Fen[Fei^FeiJJ(CN)«l.-f2FeCl3 

- 2Fe^i»( Fe'iiFe^^lCNlelgy 3FeCl2 

Williamson’s blue or violet, 

KFeiU[Feii(CN)J.H20, 

is obtained by the oxidation of Everitt’s salt, 
K 2 Fein*^e^J(CN)e] vith warm dilute nitric; 
ac'id, or with an exeess of hydrogen peroxide 
in the prc'senee of dilute sulphnrie aeid (Hof¬ 
mann, Heine and Hdehtlc’ii, Annalen, 1904, 
337, 1). It is a violet-blue substance, not 
peptisable in water or in oxalic arid solution, 
giving only a greenish-blue turbid suspension 
with watcT. Tt is relativ{;ly iinreaetive, giving 
ferric hydroxide with 4% ammonia solution, for 
instance, only after some hours. It is thus 
entirely different from the isomeric blues 
obtaiued by oxidising ferrous ferrocyanido {see 
Soluble Prussian Plue, above). It is a 
general rule that the precipitation of blues from 
hot acid solutions tends to produce substances 
of a more stable type, approaching Williamsoii’e 
blue in properties. 

Commercial blues arc usually mixtures of 
the compounds already described, and appear 
in commerce under such names as Paris blue 
bronze blue and steel blue (mostly containing 
potassium, and of superior properties), Prussian 
blue and mineral blue (less valuable products 
consisting of mixtures), and gas blue or Mon- 
ihier's blue (containing ammonia). Of the three 
methods of manufacture, the reaction of ferrous 


salts with ferricyanide (formation of TurnbulPs 
blue) has been discontinued, and the reaction of 
ferric salts with fcrrocyanide (formation of 
Prussian blue*) is rarely practi.sed. The best 
blues are made by precipitating a ferrous salt 
with potassium fcrrocyanide and then oxidising 
the precipitate (Oentele, “Lclirbucli clcr Farben- 
fabrikation,” 1906). Paris blue, the finest quality 
of commercial Ih-ussian blue, may be made by 
mixing 45 kg. of FeS 04 , 7 H 20 (a slight 
excess), dissolved with exclusion of air in 250 
kg. of water, with 50 kg. of K 4 Fe(CN)„ 
dissolved in the same quantity of water, and 
running the mixture into a further quantity of 
250 kg. of w^ater. Ilie jirenipitate is washed 
and filtered off to he oxi(lised by suspending it 
in water, dilute sulphuric acid or ferrous sulphate 
solution and treating it with nitric a(ad of sp.gr. 
1-23, ferric chloride solution (not in excess), 
chlorine, or potassium chlorate solution. The 
pre(;ipitate of Prussitin blue is them washed with 
I water until free from sulphate or chloride, 
filtered and air-dried at 30-40'C. Chlorate is 
! now said to be the preferred oxidising agent 
I (lizkovich and Shmurvan, sec Amer. Chem. 
Abstr. 1034, 28, 3097). 

T'aris blue contains potassium ferric ferro- 
cyaniile, and the presence of the potassium leads 
to an enhancement of flu; properties of the blue. 
If sodium is present instead (by making the 
preparation from sodium ferroeyanide) a less 
satisfac'tory’’ colour is produced. Eibner and 
(^erstaekor (d.S.(5.1. 1912, 31, 1041) measured 
the ])otassium and water contents of a 
number of blues : steel blue and bronze blue 
contained 12% K and 5-5^/,', HoO, I’aris blue 
9^X) ^ HgO, commercial Prussian 

bine 1-5% K and 24% H.^O. Idu' rise of water 
conlc'ut as the potassium content falls is marked, 
and may be exjilained as an effect of the electro¬ 
lyte (jiotassinm ion) in “ salting out ” the colloid 
and reducing the water absorption. 

In eommereial pigments, I’aris bine is diluted 
with finely ground starch, heavy spar, gypsum, 
zinc white or burnt kaolin, and the mixture 
milled. Pines of very low^ quality are faced by 
rotating the dry cubes in a cask with a fine dust 
of pure Paris blue. 

Constitution of the Blue Compounds. —Tt 
is certain that all forms of blue contain both 
Fe^^ and Fe^^^ since ferrous ferroeyanide is 
white*, and ferric ferricyanide is brown and 
soluble. Miillcr and Staniseh (J. jir. Chem. 
1909, Tii], 79, 81) and Muller (Cdiem.-Ztg. 1914, 
38, 281, 328) calculated from the known normal 
potentials of the ionic reactions ; 

Fe-k-i- Fe+++-|-0 
and Fe(CN),'''-f 0 ^ Fe(CN)/'", 
that the equilibrium constant of t he reaction 

Fe++++Fe(CN)/'" ^ Fe^ d-f FefCN)^'", 
I-(=[Fe+H-+][Fe(CN)en/Fe++][Fe(CN)6'0) 

is approximately 10“®, so that, in a solution con¬ 
taining all these ions, the equilibrium would be 
practically completely on the side of ferrous 
ferricyanide. P. Woringer (J. pr. Chem. 1913, 
[ii], 89, 51) was indeed able to show that ferri¬ 
cyanide is formed when ferric chloride reacts 
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with an excess of ferrocyanide, and concluded 
that a ferriej^anide structure must be assigned 
to the blue compounds, it is not permissible, 
however, to deduce from solution equilibria the 
composition of a precipitate, which is controlled 
by solubility relationships. If, for example, the 
ratio of the solubility products of ferric ferro- 
cyanide ([Fe-f++][ Fe(CN)e''"]) and ferrous 
fcrricyanide ([Fe++]f Fe(CN)6'"]) is less than 
i:(~10“^), then practically complete precipita¬ 
tion of foriic ferrocyanide (?ould occur from a 
solution containing ferrous and fcrricyanide ions, 
in spite of the fact that the ionic equilibrium 
is entirely in favour of the alternative ( 3 ompound. 

It follows that only one of the two alternative 
coni])ounds is stalde, that mixtures of the two 
cannot exist in ccmtact with solution, and that 
the composition of an equilibrium prodiuit must 
always be either ferrous ferrieyanide or ferric 
ferrocyanide, independent of the starting 
materials. The ratio of the two solubility 
products is unknown, for neither has been 
measured. On the basis of the Abegg-Bodlandor 
theory of chictro-aflinity, however, wo may pre¬ 
dict that the solubility of the compounds formed 
from the more highly charged ions Fef+ + and 
Fe(CN)(j''"' of weaker electro-atlinity will be 
considerably lower than that of tlie compounds 
from the ions Fe++and Fe(CN)g"', of lower 
©lectrovaleney and stronger electro-affinity, 
so that the blue eomj)ound8 are probably ferro- 
cyanides. 

The chemical evidence must bo interpreted 
with caution. The conclusions of Hofmann and 
his collaborators (Annalon, 1904, 837, 1 ; 

1907, 352, 54) that insoluble Prussian blue is 
ferric ferrocyanide, because it is formed from 
ferric fcrricyanide and hydrogen peroxide, which 
reduces ferrieyanide and not ferric ion, and of 
Eibner and Gerstackcr (Chem.-Ztg. 1913, 37, 
J37, 138, 195) that the blue compound made by 
the sulphite-reduction of ferric ferrieyanide is 
ferrous ferrieyanide, because sulphite reduces 
only ferric ion, are unsound because the alterna¬ 
tive products might be formed from the original 
reduction products in each case by the operation 
of Muller's equilibrium. The best reason for 
regarding insoluble Prussian blue as ferric ferro¬ 
cyanide is that it is not oxidised by oxygen or 
by hydrogen peroxide, so that its divalent iron is 
in the complex : its method of formation from 
ferric salt and soluble Prussian blue suggests 
that the soluble blue is also a ferrocyanide: 
and since Turn bulbs blue is produced from 
soluble Prussian blue and ferrous salt, it must also 
be a ferrocyanide. 

The conception of Prussian and other blues as 
simple iron ferrocyanides is not entirely satis¬ 
factory, however, because it leaves unexplained 
their differing degrees of stability towards 
alkalis and oxidising agents, and does not account 
for their remarkably deep colours, which 
would not be expected of compounds formed 
by the simple combination of feebly-coloured 
ions (Hantzsch, Z. physikal. Chem. 1910, 72 , 
362). Beihlcn and Zimmerman n (Annalen, 
1927, 451 , 75; 1929, 475 , 101) and Reihlen 
and von Kummer (Annalen, 1929, 469 , 30) have 
put forward the view that the iron cyanide 
complex in the blue compounds contains both 


Fe^^ and Fe^^, with which CN is co-ordinated. 
They apply the same principle to other insoluble 
ferrocyanides such as the cupric and zinc salts, 
the Fe^^^ in the blue complex being replaced in 
these cases by and respectively, and 
to double salts of ferrocyanide, such as Everitt’s 
salt, K 2 Fe[Fen{CN) g], which they write as 
KjLFen,(CN)„]. This method of formulation 
simplifies considerably the constitutional pro¬ 
blems of the iron cyanogen blue compounds. 
Only tw'O alkali-free compoun<l8 arc possible : 
(tt) Fei^^rFeiiFeiii(CN)gJ 3 , in which one- 
seventh of the total iron is reducible by sul])hite, 
and which is readily identified with insoluble 
Prussian blue, and'(6) Feii( FeTiFeiii(CN)g]jj, 
in which one-fifth of the total iron is oxidisable 
by hydrogen peroxide, and which is 'rurnbuirs 
blue ; and soluble Prussian blue is the potassium 
salt of the f'erro-ferri-complex 

K[Fe«FeiiMCN)6l. 

The interconv ersiens of soluble and insoluble 
Prussian blues and Turnbuirs bine are readily 
explained. Cambi and Clerici (Gazzetta, 1928, 
58 , 57) ac(;ept the theory of the comple.x con¬ 
taining both divalent and trivalent metals eo- 
ordinatexl with cyanide for all coloured complex 
cyanides; for example, the bluish-green ferrous 
manganieyanide, usually written 

Fe3n[Mnni(CN)g]2, 

is decomposed by alkali into manganic 
hydroxide, Mn(OH) 3 , and ferrocyanide, 
whereas the colourless ferrous cobalticyaiiide 
Fe 3 ^*[Coi^^(CN)g] 2 . gives ferrous hvdroxide, 
Fe(OH)2, and cobaltie>'anide. Hence tlie colour¬ 
less cobalt compound is correctly formulated 
above, but the coloured manganese compound 
should be written Mniii[FeiiMnii (CN) 6 l 3 , 
or as a similar more complex derivative. 

Potassium ferrocyanide, “ yellowprussiato 
of potash,” K4Fe{CN)p,3H20, crystallises 
from aqueous solutions in large, monoclinio 
tetragonal pyramids ofsp.gr. 1-86. The crystals 
arc stable in air at the ordinary temperature, 
but begin to lose water at 60®C., being com¬ 
pletely dehydrated at 100°C. to give a white 
powder. On further heating in the absence of 
oxygen, the powder decomposes, first into 
Williamson’s salt, KgFef Fe(CN) 3 ], without 
gas formation, and then below red heat into a 
mixture of potassium cyanide, carbon and iron, 
with nitrogen escaping. According to Haokspill 
and Pinck (Bull. Soc. chim. 1931, [iv], 49 , 54) 
considerable quantities of cyanogen are obtained 
at 300-400°C. The salt is soluble in w'ater, 
giving the followdng saturated solutions 
(Farrow, J.C.S. 1926, 129 , 49); the solubilities 
are expressed as grams of anhydrous salt in 
100 g. of solution : 

Temp. °C. 24-9 

Solubility 23-95 
Density 1-173 

Temp. ®C. 64-7 

Solubility 36-94 
Density 1 -264 

It is insoluble in alcohol. 

Potassium and other ferrocyanides are com¬ 
pletely decomposed by boiling with mercuric 


34-9 40-8 

28-01 33-13 

1-202 1-235 

79-6 99-7 

40-45 43-78 

1-285 1-312 
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oxide, giving the undisBOciated mercuric cyanide, 
ferrous hydroxide and potasHium hydroxide. 
They are also decomposed hyaurous cyanide or 
hydroxide, or by finely divided gold in the 
presence of oxygen, the complex aurocyanide 
being formed, as in the cyanide process for 
dissolving gold {see under Cold Cyanides, 
p. 486), together with ferric hydroxide (Beutel, 
Z. anorg. (diem. 1912, 78, 141). 

Sodium ferrocyanide. 


Na4Fe(CN)g,10H2O, 


crystallises in large lemon-yellow monoclinio 
prisms or rhombohedra, stable in air at the 
ordinary temperature, but completely de¬ 
hydrated at about lOO'X'. The dry salt de¬ 
composes like the potassium salt on strong heat¬ 
ing. ddie concentrations and densities of 
saturated solutions have been measured by 
Farrow (d.CdS. 1926, 129, 49); .solubilities are 
exfiressed in grams of anhydrous salt per 100 g. 
of solution : 


Temp. °C. 24-9 

iSolubility 17*11 

Density 1*131 

Temp. °C. 64*7 

Solubility 31*43 

Density 1*243 

Temp. ®C. 89*6 

Solubility 38*08 

Density 1*296 


34*9 49*8 

20*58 26*20 

1*158 1*200 

79*6 84*7 

36*85 38*15 

1*279 1*292 

94*7 99*7 

38*25 37*53 

1*287 1*286 


A transition point to a lower hydrate occurs at 
81*7°C. 

Zinc ferrocyanide, Zn2Fe(CN)Q,6H20, is 
a white amorpbou.s j)recif)itato obtained by the 
action of calcium or hydrogen ferrocyanide on 
excess of zinc (diloride in aqueous solution. 
When other soluble ferrocyanides are u.sed, the 
precipitate contains varying amounts of the 
other metal [see, IVeadwxdl and Chervet, Helv. 
Chim. Acda, 1923, 6, 559). Kcihlcn and Zimmer- 
mann (Annalcn, 1927, 451 , 75) postulate the 
existence of comi)lex anions containing both zinc 
and iron, analogous to the copper ferrocyanides 
and to the Prussian blues. Zinc ferrocyanide is 
insoluble in dilute acids, completely soluble in 
alkalis wdth formation of ferrocyanide and 
zincate, but only partially decomposed by alkali 
carbonates. 

Hexamethylcarbylamine ferro-salts.— 
By the action of methyl sulphate on dry 
potas.sium ferrocyanide, or of methyl iodide on 
silver ferrocyanide, E. G. J. Hartley (J.C.S. 
1910, 97 , 1066, 1725; 1911, 99 , 1549; 

1912, 101 , 705; 1913, 103 , 1196) has 

obtained a series of salts of the general 
formula [Fe(CNCH 3 )g]R 2 , R being a univalent 
acid radicle and the iron cyanogen complex 
acting as a kation. On heating wdth con¬ 
centrated sulphuric acid, or on boiling with 

aqueous caustic soda, they are decomposed with 
quantitative production of methylarnine or 
methylcarbylamine, showing that all the nitrogen 
atoms are linked to methyl groups. 
Tetramethyl ferrocyanide, 


is formed when hexamethylcarbylamine ferro- 
chloride, [Fe(CNCH 3 )g]Ol 2 , a representative 
of the above class of compounds, is heated at 
140-150'^(k m for 6-9 hours, when methyl 

chloride is split off. Hexameth^dcarbylamine 
ferrochlorido itself is produced when 

[Fe(CNCH3)e][CH3SOj2. 

the initial product of the interaction of j)ola8sium 
ferrocyanide with dimethyl sulphate, is boiled 
wdth lyT^drochloric acid or barium chloride. 
There are two isomeric forms of tctramcithyl 
ferrocyanide, both of which are present in the 
above j)roduct. The a-isomer is much more 
soluble in w’aler and organic solvents than is the 
^-isomer, and crystallises with 2 molecules of 
water of crystallisation, against 6 in the case of 
the /9-isomer. The a-isomer does not dissociate 
electrolytically in solution, but the /9-isomer 
(according to llolzl, r’< al., Monatsh. 1927,48, 71) 
is an electrolyte. The a-compound combines 
with methyl iodide at KKf 'C. to give hexamethyl- 
carbylamino ferroiodidci, but the /3-('<>mpound 
has no rea(4ion. No method of converting one 
form into the other lias been discovered. 

Ferricyanides. 

Technical Methods of Pkeparation. 1. Ihj 
Chemical Oxidation of Ferrocyanides .—The 
commonest oxidising agent is gaseous chlorine, 
which may react either with solid potassium 
ferrocyanide, in which case the prodiud/ is a 
solid containing potassium chloride, or wdth a 
cold 10% solution of fcrroc 3 ^anide : 

2K4Fe(CN)6~| Cl2-2K3Fe(CN)g+2KCI 

The reaction is stopped when the conversion of 
the ferrocyanide is just completed, for excess of 
chlorine destroys the complex radicle. In 
practice, a small amount of Prussian green is 
ahvays formed, which spoils the appearance of 
' the product. The difficulty may be avoided 
by evaporating the solution to the crystallising 
point and then adding caustic potash to decom¬ 
pose the Prussian grecui into ferric hydroxide, 
wdiich can bo filtered off, and potassium ferro¬ 
cyanide, which i.s apt to (iontaminate the 
crystallised fcTiicyanide. A yield of 85-90% 
is obtained in the process. 

In order to ovorconie the above objections to 
the use of chlorine, lead peroxide, calcium 
plum bate and potassium permanganate have 
been suggested as alternative oxidising agents, 
but have achieved no technical importance 
(Aten, (3icm. Weekblad, 1921, 18, 140). More 
recently, the use of air containing carbon dioxide 
at a pressure of 80 to 120 atmospheres and a 
temperature of 80° to 100°C. has been proposed 
(Ghiud and Keller, U.S.P. 1872929, 1932) for 
oxidising potassium ferrocyanide solution. W. 
Klempt (U.S.P. 1908516, 1933) describes a 
similar process for calcium ferrocyanide solution. 

2. By Electrolytic Oxidation of Ferrocyanides .— 
The electrolysis of ferrocyanide solutions gives 
rise to ferricyanide and alkali at the anode : 


[ 


P (CNCH,), 


] 


Fe(CN)/'":=^Fe(CN)3'''+e; 

HgO+e-OH'fJHg 
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This method of converting ferrocyanide into 
ferricyanide has been investigated by Grube 
from the electrochemical standpoint (Z. anorg. 
Chem. 1014, 84, 190; Z. Elektrochcm. 1914, 
20, 334). In practice, the electrolysis of neutral 
ferrocyanide solutions is carried cmt at 60‘’C. 
in diaphragm cells with nickel electrodes. 
Potassium ferricyanide crystallivses out from the 
anode liquor on cooling, and the mother 
liquor is re}4cnished with ferrocyanide and 
return(‘d to the cell. The purpose of using a 
diaphragm is to prevent reduction of ferri¬ 
cyanide at the kathode, with consequent decrease 
of current elficiency. Ac’cording to Paweek and 
Hirscdi (Z. Elektrochcm. 192S, 34, 684), the 
diaphragm (um bo omitted if an alternating 
current is suporimj)osed on the direct current. 

Propektiks of the Ferrtcyanides.— Potas¬ 
sium ferricyanide, “ red prussiate of potash,” 
K3Fe(CN)g, is prepared in the laboratory by 
the clectrolytii^ oxitlation of an alkaline solution 
of potassium f(*rrocyanide, or by the technical 
methf)d of oxidation with chlorine. The 
salt crystallises anhydious from water in mag¬ 
nificent, deep red, monoclinic pri.sms, of density 
1-858 (Biltz). The crystals are isomorphous 
with the cobalti-, mangani-, and (diromi- 
cyanides of potassium. The salt is decora- 
I)osed by 20% sulphuric acid on heating to 
yield hydrocyanic acid, and with 80% acid it 
gives carbon monoxide an<l carbon dioxide 
(Bassett and Corbet, J.C.S. 1924, 125, 1358). 

The properties of saturated solutions have been 
measured by Friend and JSmiries (J.C.S. 1928, 
2242); the solubilities are exi^ressed in 
grams of salt per 100 g. of solution : 


Temp. ®C. 

0-1 

7-H 

15-7 

Solubility 

23-22 

26-96 

30-35 

Density 

— 

1-157 

M74 

Temp. °C. 

22-1 

26-3 

39-9 

Solubility 

32-08 

33-66 

37-22 

Density 

1-187 

1-193 

1-212 

Temp. °C. 

58 

81 

90 

Solubility 

41-10 

44-70 

47-60 

Density 

1-227 

— 

— 


The aqueous solution is decomposed by light to 
give ferrocyanide. The solution is not as 
stable as ferrocyanide solution, for on heating 
with carbon dioxide at 80-100°C. it is appre¬ 
ciably hydrolysed with the formation of penta- 
cynnide. Ft-rricyanidcs in caustic potash solu¬ 
tion are relatively strong oxidising agents, 
decolourising indigo instantaneously, and being 
also rcduccil by hydrogen peroxide with libera¬ 
tion of oxygen. 

Ferric ferricyanide. — VVJicn ferricyanide 
I and ferric salt solutions are mixctl a reddish- 
brown colloidal solution is obtained, which is 
btJicned to contain ftu-ric ferricyanide. Haller 
(Kolloid-Z., 1917, 20, 76) examined the .solution 
ultrami(;ro.scnpicaily, and showed that the 
colloidal particl(‘.s gradually increase in size and 
a grecui substance se])arates out. Heihlcn and 
von Kummer (Annalen, 1929, 469, 30) produced 
brown, slightly soluble micnxuystals ot 
Fe2(CN)„2H3b from acid solutions of 
potassium ferricyanide and ferric nitrate. Green 
ferric ferricyanid(-s are obtainetl by boiling 
PruK.sian blue with conc(Uitrated nitric acid, 
or from potassium ferricyanide and ferric 
chloride. 

Pentacyanides. 

As already mentioned (p. 466). the iron hexa- 
cyanides can \indergo a dccx)my)osition ot the 
comple.x by which one ionic cyanide group is 
replaced by a molecular group, giving a new 
pentacyanide complex with a valency lower 
than that of the original complex. Tlie most 
inq)ortant transformations of hcxacyanides into 
pcntacyanid(‘s are listed in the table below. 

Other substituents which may be found in 
comj)lex pentacyanides are NOg, AsOg, SO3, 
NHg, ami substituted ammonias. 

The correct constitution of the nitroprussides 
was first given by Gerhardt (Traite de efumie 
organicpio, 1853, I, 344). K. A. Hofmann 
carried out extensive work on their reactions 
(Z. anorg. Chem. 1895, 10, 262; 1896, 11, 

31, 278; 1896, 12, 146). and was able to 

explain his observations on the basis of the co¬ 



Fcrrocyauhh- [Fe(CN)gl""giv(‘.'< 

F'cn-ityunick! [Fe(CN)y]"' gives 

. 

By warming aqueous solutions,! 

action of light or acids ( 

By action of strong oxidising agents ( 
on solutions ) 

By heating solutions with carbon 
monoxide 

By warming with nitric or nitrous 
acid 

i 

aquopentacyanoferroate, 

[Fe(CN);HjOr' 

carbonylferrocyanide, 

[Fe(CN)3COr 

nitrosoprussiate, 

[Fe(CN)5NOr 

(nitroprusside) 

aq uopen ta(;yanoferriato. 

LFe(CN)5H20r 

carbonylferrocyanide, 

rFe(CN)3COr 

nitrosoprussiate, 

[Fe(CN)5NOr 

(nitroprusside) 

i 


ordination theory (Hofmann, Annalen, 1900, 
312, 1). Other important wmrk on the tran¬ 
sition of hexacyanides into pentacyanides is 
described by Manchot (Ber. 1912, 45, 2869), 
Cambi (Gazzetta, 1911, [i], 41, 157) and Jimori 
(Z. anorg. Chem. 1927, 167, 145). 

Potassium carbonylferrocyanide, 

K8[Fe(CN)6C0]H20, 


is formed by the action of carbon monoxide 
on an aqueous solution of potassium ferro¬ 
cyanide at 135°C, in a sealed tube (Muller, Ann. 
chim. phys. 1889, [vi], 17, 94): 
K4Fe(CN)e4-C0-}-2H20 

-K3[Fe(CN)5CO]+NH8-f HCOOK 
It may also be made by heating potassium 
ferrocyanide with sulphuric acid until the evolu- 
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tion of carbon monoxide begins, and then 
cooling (see Holzl, Monatsh. 1930, 56 , 79). 
Carbonylforrocyanides are present in the 
cyanide mud and spent oxide of the purification 
plant of gas works ; according to Col man 
(Analyst, 1908, 33, lifil), from 2 to 5% of the 
cyanogen (and sometimes as much as 20%) is 
present in this 1‘onn. When cyanide mud and 
spent oxide are extracted with caustic soda, and 
the extract mixed with 5 times its volume of 
methylated spirit, the sodium ferrocyanide 
crystallises out completely in a few hours, after 
which the carbonylferroeyanido can bo pre¬ 
cipitated as the amorphous, deep violet ferric 
salt by adding ferric chloride to the acidified 
8 oluti(ui, The deliquescent calcium salt, which 
crystallises with 8 molecules of w ater, is obtained 
by boiling the ferric salt with milk of lime. 
The copper salt, a green preci])itate soluble in 
excess of ammonia, is characteristic. The 
carbonylferrocyanides resemble the correspond¬ 
ing ferrocyanides, but are paler in colour, more 
soluble in w^ator, and more stable tow'ards 
oxiflising agents. 

Sodium nitroprusside, 

Na2[Fe(CN)5NOJ2H20, 

is made by the action of dilute nitric acid on a 
ferrocyanide solution (Playfair, Phil. Mag. 1850 
[3], 36, 197). Idle solution is neutralised with 
sodium carbonate and evaporated to crystallise 
out potassium nitrate, wdiich is separated before 
finally crystallising the nitroprusside. The 
me(dianism of its formation is that the nitric 
acid oxidises the ferrocyanide to ferricyanidc, 
itself being reduced to nitric oxide, anfl the 
two products then react in accordance w ith the 
equation : 

Fe(CN),"'H NO-l H + 

= LFe(CN)5NOr+HCN 

The salt can also be formed from solutions of 
ferrous sulphate, sodium nitrite and potassium 
cyanide. It crystallises in daik red prisms, 
soluble in 2^ parts of w^ater at The 

solution is not precipitated by a ferric salt, and 
gives a deep violet coloration with alkali 
sulphides. 

Sodium aquopentacyanoferroate, 

Na3[Fe(CN)5H20J5H20, 

is obtained by the action of reducing agents 
such as phenylhydrazine or hydroxylamine, 
or of oxidising agents such as potassium 
hypobromite or hydrogen peroxide, on sodium i 
nitroprusside solution below 0°C. The NO 
group of the nitroprusside is replaced by water, 
and the iron of the complex is converted from 
Fe^^^ to Fe^. In the latter respect, the action of 
hydrogen peroxide is analogous to its behaviour 
with ferricyanidc, which it reduces to forro- 
cyanide. The salt crystallises in reddish-yellow 
needles, giving an intensely yellow solution 
which does not yield a violet coloration with 
alkali sulphides. 

Sodium aquopentacyanoferriate, 
Na2[Fe(CN)5HaO], 


is obtained by oxidising the ferroato com¬ 
pound (described above) with bromine water. 
It is a deep violet-blue substance. The corre¬ 
sponding potassium salt is obtained by the action 
of excess (dilorine on potassium ferric 3 >'anide, 
and is identical, according to Cam hi (Gazzetta, 
1911, 41 , 1, 57), with the “potassium per- 
ferricyanide ” obtained by Bong (Bull. Soc. 
chim. 1875, [ii], 24 , 268) and Skraup 

(Annalen, 1877, 189 , 368) by the action of 
potassium chlorate on potassium ferricyanide 
solution. 

Constitution the Complex Iron Cvan- 
ii»Es. —According to Werner’s co-ordination 
theory (“Ncuere Anschauungen aufdem Gebiete 
der anorganischen C'hemie,” 5th ed., 1923), 
complex salts are to be regarded as built up 
by the “ co-ordination,” through co-valent, non- 
ionisable linkages, of a nurnht^r of atomic 
groups round a central atom, giving a more or 
less stable nucleus. Ac(xmiing to the nature of 
its component ])arts this nucleus may or 
may not be able to combine with other atoms 
by means of ch'ctrovalent, ionisable links. The 
significance, of the square brackets in the usual 
nudhod of writing Wernerian formuhe is that 
all the linkages bctw'een groups within the 
brackets are non-ionisable. '^J’ho co-ordination 
number of the central atom bears no obvious 
relation to its valency; the maximum co¬ 
ordination number of carbon, nitrogen and 
boron is 4, of the great majority of elements 
is 6, and of some of the heavier elements 
(c.g. molybdenum and tungsten) is 8. 

The great stability of the fcrroc^yanides and 
ferricyanides has already been nuuitioned. 
The first decomposition of the complex ions is 
the removal of one cyanogen ion, which is 
always re])Iace(l by another molecular group, 
such as HgO, NO, or CO, giving a new complex 
in which the iron atom is still associated with 
six groups. Thus the whole series of complex 
iron cyanides, derived from divalent and tri- 
valent iron, provides an example of co-onlinated 
compounds in which the iron (in either valency 
state) has a well-defined co-ordination number of 
6 . The follow'ing list of compounds illustrates 
the way in which the electro valency of the 6- 
co-ordinated complex is altered by the abstrac¬ 
tion of one or more cyanide ions, to be replaced 
by the same number of neutral atomic groups : 




Complex 

Ferro series. 

Ferri series. 

form. 

[Fe"(CN),)"" 4K+ 

(Fe'“(CN),]"' 3K+ 

anion 

[pegN,,]-" 

[FegN).]" 2K+ 

anion 


•r_ (CNCH.),!” 
U°(CN), “'’J 

not 

ionised 

[Fc(CNCH 3)6]++ 2Cl' 


kation 


♦ The corresponding ferricyanide derivative is want¬ 
ing (Hartley, J.C.8.1914, 105, 521). 


In the case of a complex containing six co¬ 
ordinated groups, Werner held that the six 
groups are arranged symmetrically at the corners 
of a regular octahedron, the co-ordinating atom 
being at the centre. Hence complexes of the 
general formulae Ma 4 b 2 and Ma 3 b 3 should 
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exist in the two Btereoisomeric forjiis repre¬ 
sented by: 



for the^ second. Hartby’s two isomeric tetra- 
methyl forrocyanidos (p. 475) are regarded as 
stereoisomers by Glasstone (J.C.S. 1930, 3:21), 
and the same may be true of his isomeric 
trimetliyl cobalticyanidcs {ibid. 1914, 105, 521). 

On tlie otlicr hand, no isomerism would bo 
expected in tlie simple ferro- and ferri-cyanides. 
Briggs [ibid. 1911, 99, 1019) described a- and 
^-isomers of alkali ferrocyanides with shght 
differences in physical properties, but Bennett 
{ibid. 1917, 111, 490) showed that the two forms 
are crv’stallographically identical, and Piutti 
(Her. 1912, 45, 1830) and Getman (J. Physical 
Chem. 1921, 25, 147) found no differences in 
the absorption spectra. Locke and Edwards 
(J. Araer. Chem. Soc. 1899, 21, 193, 413) 
described the conversion of ordinary red 
a-potassium ferricyanide into an isomeric green 
j3-modification by treatment with acids. The 
green product had a different crystalline form, 
absorption spectrum (Getman, /.c.), and chemical 
properties (Hellucci and Sabatini, Atti K. 
Accad. Lincci, 1911, [V], 20, I, 170). The 
view is now held by Briggs (J.C.S. 1920, 117, 
1026; J, Physical Chem. 1928, 32, 1422) that 
no isomerism exists in the alkali ferro- and 
ferri-cyanides, the observed differences in the 
properties of the ^-forms being due, in the case of 
forrocyanide, to the presence of small amounts 
of aquopentacyanoferroate, K 3 [Fe(CN) 5 H 20 ], 
and in the case of ferricyanide, to the existence 
of a double salt between ferricyanide and aquo- 
pentacyanoferriate having the formula 

3K3[Fe(CN),]K2[Fe(CN)5H,0]. 

It is a shortcoming of Werner’s theory that his 
structural formuke lack the definiteness of those 
of organic chemistry, and that the existence is 
implied of a new kind of valency for the co¬ 
ordinating atom, having no relation to its 
normal olectrovalency or covalency. The 
difficulty has been dispelled by the applica¬ 
tion of the electronic mechanism of valency to 
co-ordination (8idgwick, J.C.8. 1923, 123, 725; 

“ The Electronic Theory of Valency,” 1927). 
According to the electronit; interpretation, a 
covalent, non-ionisablo hnkage is formed by the 
sharing of two electrons between the combining 
atoms, each electron simultaneously forming a 
part of the stable electron configurations of 
both atoms. In the normal covalent link, one 
shared electron is provided by each of the atoms, 
but in the co-ordinated link both are supplied 
by one of the atoms, termed the “ donor.” 
Hence a co-ordination number of 4 corre¬ 
sponds to the formation of a stable octet of 
electrons, and of 6 to the formation of a ring of 
twelve, another stable configuration. 

While the concept of 6-co-ordinated iron 


gives a satisfactory representation of the pro¬ 
perties of the simple ferro- and forri-cyanides 
of the alkali and alkahne earth metals, difficulties 
arise in the case of the heavy metal salts such as 
Prussian blue, copper ferrocyanide, and zinc 
ftTrocyanidc, which have been met by the 
assumption of a comjjlex having two nuclear 
atoms, e.g. and Fe^^^ in the case of Prussian 
blue {see, 'under Constitution of the Blue 
Compounds, p. 473), Zn and Fe^^in the case of 
zinc ferrocyanide. Jn these cases the co-ordina¬ 
tion number of cacli of the iiuelcar metallic 
atoms is probably 4. Similar bi-nuclear 
com))lexes may exist in the numerous double 
salts formed by ferrocyanides, the less electro¬ 
positive of the two metals tending to enter the 
ferrocyanide complex. In this connection it is 
of interest to note that Berkeley, Hartley and 
ytephenson (Phil. 9’raris. 1909, 209,A, 319) 
conclude, from measurements of the osmotic 
])resHure and electrical c.onductivity of solutions 
of f(Tro(;yanides of calcium and strontium, that 
these salts give in solution undissociated mole¬ 
cules of twice the simple formula-weights, 
indicating a tendency to similar binuclear (com¬ 
plex formation even in the alkaline earth ferro- 
{^yanides. 

11. ALKALI METAL CYANIDES. 

Teciinioal Methods of Preparation.— 
1. From Ferrocyanides. The earliest method of 
preparing potassium cyanide from ferrocyanide, 
due to Berzelius, consisted in heating dry 
potassium ferrocyanide to redness: 

K4Fe{CN)3-4KCN-f Fe+2C+N2 

A 33% loss of cyanogen occurs in this reaction, 
which can bo reduced by adding potassium 
carbonate so that the fusion is carried out with a 
mixture of 8 parts of ferrocyanide to 3 parts of 
potash (F. and E. Bodgers, Iffiil. Mag. 1834, [3], 
4, 91). The melt is allowed to stand until the 
iron and carbon have separated out, and is then 
poured into moulds, giving white, porcelain-like 
cakes containing from 30 to 70% of KCN. 
This product was used until about 1890 for 
electroplating and other purposes. Liebig showed 
that cyanate was formed during the reaction, 
thus: 

K4Fe(CN)e-i-K2C03 

-6KCN+KCNO-} Fe-fCOg 

Fleck (“ Die Fabrikation chemischer Produkte 
aus tiorischen AbfaUen,” 1862) and Chaster 
(B.P. 15941 of 1894) proposed the use of charcoal 
to reduce the cyanate, but it appears unlikely 
that this reduction would occur at the relatively 
low temperatures used in the fusion. 

Erlenmeyer (Ber. 1876, 9, 1840) described a 
much more advantageous process, in which a 
pure product containing approximately 40% 
CN (equivalent to 100% KCN) was obtained 
by fusing dry potassium ferrocyanide with 
metallic sodium in the proportions required by 
the equation : 

K 4 Fe(CN)e-f 2Na=4KCN+2NaCN+Fe 

The process became technically important in the 
hands of the Deuts. Gold-u.-Silber-Scheide- 
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anstalt vorm. Roessler, V. Intern. Kongress fur 
Angewandte Chemie, Berlin, 1903, I, 63B) when 
sodium became a commercial product in 1890. 
The spongy iron is filtered off from the melt and 
then pressed out while still red-hot; the 
filtered cyanide is cast in cakes and gives a very 
pure commercial product. Since 1905, sodium 
ferrocyanido has been used instead of the 
potassium salt, and the product is almost jmre 
sodium cyanide. In England the surplus of 
ferrocyanido from gas works over that required in 
the colour industries was formerly converted into 
cyanklo by this proc^ess. Modifications have 
been described by Hethoririgton, Muspratt and 
Hurtcr (B.P. 5832 of 1894), who used a sodium- 
lead alloy instead of sodium and obtained a 
three-layer product, the powalered iron floating 
between the upper liquid cyanide and the 
lower liquid lead, and by Crowtlier and Kossiter 
(B.P. 9275 of 1894), who used zinc alone for 
reducing the ferrf)cyanifle, subsequently decom¬ 
posing the zinc cyanide by fusion with alkah 
carbonate. Neither modification has achieved 
practical importance. 

2. From Ammonia and Alkali (Jarhonales .— 
Two important processes whicli have been large 
producers of cyanide, utilising the same reactions 
but under considerably different working 
conditions, fall under this head. In Sieper- 
mann’s process (O.fk 38012 of 1886; B.l\ 
13697 of 1889, 9350 and 9351 of 1900) a dry 
mixture of 2 parts of wood charcoal and 1 part of 
potassium carbonate is introduced into the uj>j)er 
end of a verti(;al iron retort, and is treated at a 
dull red heat with dr^'^ ammonia gas introduced 
at a point’about half-way dow’ii the length of the 
retort. Absorj)tion of the ammonia occurs with 
production of potassium cyanate, probably 
through the intermediate formation of potassium 
carbamate (according to Pfleger, see Dents. 
GoId-u.-Silber-Scheideanstalt vorm. Roessler, 
V^. Intern. Kongress fiir Angewandte Chemie, 
Berlin, 1903, I, 638): 

C0(0K)2+NH3-C0(NH2)0K+K0H 
CO(NH2)OK-KCNO-f H 2 O 

The product then falls into the lowx'r part of the 
retort, which is maintained at a bright red heat. 
At the higher temperature the cyanate is con¬ 
verted into cyanide, and carbon monoxide is 
produced which escapes through the upper part 
of the retort w ith the hydrogen formed by the 
decomposition of some of the ammonia. Accord¬ 
ing to Pfleger (Z.c.) the conversion of the cyanate 
proceeds in two stages : 

2KCNO-K2CN2+CO2 

{cf. Drechsel, J. pr. Chem. 1877, [ii], 16, 201, 
on a similar decomposition of alkaline earth 
cyanates), and 

K2CN2+C-2KCN 

Drechsel, J. pr. Chem. 1880, [ii], 21, 77) ^finally; 

COa-fC-2CO. 

8omo of the potassium cyanamide may decom¬ 
pose directly into cyanide, potassium and 
nitrogen, as this reaction is known to occur 
below 800°C. in the absence of excess charcoal. 


The product of Siepermann’s process is allowed 
to cool out of contact with air, and is then 
systematically leached with exclusion of air 
(B.]\ 9351 of 1900). Potassium cyanide may be 
precipitated from the extract by adding excess of 
potassium carbonate, or btdter by evaporating 
nearly to dryness and extracting uiuihangod 
potassium carbonate with a minimum quantity 
of water at 6G°C. The residue, (;ontaining 
])ota8sium cyanide and some unconverted 
cyanate, is treated with refrigerated water 
(between —18'^’ and -f5"C.) to dissolve the 
cyanide and leave the cyanate, and the cyanide 
is crystallised as a damp, deliquescent mass 
(B.P. 9352 of 1900). This product had to bo 
Bisedwith cyanide produced from ferrocyanido in 
order to make it suitable for export to the gold 
mines. 

The second process of this kind is the Beilby 
process (B.P. 4820 of 1891), which first became a 
producer in 1892, the same year as Siepermann’s. 
Gaseous ammonia is forced through molten 
potassium carbonate, and the addition of char¬ 
coal is made gradually, the total quantity added 
being hardly more tlian that theoretically 
required by the equation : 

K2C034 4Cf2NH3-2KCN + 3C0l~3H2 

In this way the leacliing step of Siepormann’s 
method is avoided, for it is possible to run olf 
the molten ma.s8 from the retorts, through 
filters for the small amount of unreacted 
charcoal, directly into moulds to give a wdiite, 
saleable product. In practice, previously made 
cyanide was added to the potassium carbonate 
on starting tlie process, in order to lower the 
melting-point of the readiou mass, and the 
passage of ammonia w'as continued until an 
analysis of the melt show’cd that the reaction w as 
coinjilete. The reaction temperature was 900- 
lOOC'C., and the formation of cyanate and its 
conversion into cyanide occur simultaneously. 

I As regards the relative merits of the two pro¬ 
cesses, tSiepermann’s gives higher yields of 
cyanide based on the ammonia used because, at 
the lower temperature of the first stage reaction, 
less decomposition of ammonia into its elements 
occurs. The higher temperature in Bcilby’s 
jirocess is necessary, however, for the main¬ 
tenance of a reasonably high rate of reaction 
since by w orking in a medium of molten salt the 
advantage of the large surface exposed by 
Siepermann’s dry mass of alkalised charc;oal is 
sacrificed. The dissociation of the ammonia 
in Beilby’s process is minimised by introducing 
the gas into the retort through tubes lined w ith 
copper, this metal having no catalytic effect on 
the decomposition of ammonia. The yields on 
ammonia actually obtained are 80-85% in 
Siepermann’s, and 55-60% in Beilby’s process. 
According to Readman (J.S.C.I. 1889, 8, 757) 
it is possible to obtain an almost quantitative 
yield by working at a low enough temperature. 
The great advantage of Beilby’s process is the 
easy working-up of the product into a readily 
marketable form. 

3, From Ammonia and Alkali Metals ,—The 
reaction of sodium with charcoal and ammonia 
to give sodium cyanide was proposed by Castner 
in 1894 (B.P. 12219 of 1894; G.P. 90999, F.P. 
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239643), and rapidly became the most imj)ortant 
process in use for cyanide manufacture. The 
complete reaction is represented by the equa¬ 
tion : 

2 Na+ 2 C-f 2NH3- 2NaCN+3H2 

According to Castner’s earlier claims (B.P. 
21732 of 1894), the reaction is best carried out in 
two stages, in the first of which liquid sodium 
is allowed to react with dry ammonia gas at 
300-400''C. in a horizontal cast iron retort fitted 
with a scries of vertical baffles to increase the 
length of pavSsago of the gas over the liquid. 
Sodamidc is formed, which is stable up to tem¬ 
peratures ajiproaching 500'’C. (Titherley, J.C.8. 
1894, 65, 504): 

2Naf2NH3^ 2NaNH2fH2 

In the second stage tlie molten sodamide is run 
on to red-hot wood chart'oal in a vertical 
cylindrical retort. Carbon absorption ocamrs 
with the formation of sodium cyanamide, a 
compound whi(‘h is relatively stable up to 600‘^ C.: 

2NaNH2+C-Na2CN2+2H2 

Cyanarnide may also be formed, according to 
Pfleger, by the interaction of sodamide and 
sodium cyanide already formed ; 

NaNHa+NaCN 

The second stage of the Castner process is com¬ 
pleted by raising the temperature of the oyanis- 
ing furnace to 700-S00'^C., when the cyanarnide 
melt absorbs further quantities of carbon to 
form molten cyanide: 

NaaCNj+C - 2 NaCN 

According to G.P. 148046 (iJeuts. Gold-u.- 
Silber-Scheideanstalt vorm. Koessler), it is 
possible to carry out the whole process in one 
retort, the sodamide being produced at the 
lowest possible temperature, and the tempera¬ 
ture then gradually raised for the succeeding 
stages of the reaction. The molten charge is 
run off from the retort through filters to remove 
small amounts of solid impurities (such as 
unreacted charcoal), and is cast in iron moulds 
to give pure white cakes with a crystalline 
fracture, and analysing 97-98% NaCN, 2 -1% 
NaaCOg, 0-3% NaCNO, and 0 02% NagS, 

Instead of charcoal, volatile organic com¬ 
pounds such as acetylene (G.P. 149678) or tri- 
methylamine (G.P. 223027) may be added 
to the melt as sources of carbon, but such 
variations have not come into general practice. 
The source of the ammonia used in the operation 
of the Castner process was formerly the by¬ 
product of coal distillation, but since 1918 there 
h6LS been a considerable change-over to the use of 
synthetic ammonia. This is reflected in H. 
Freudenberg’s B.P. 265639, 1926, which claims 
the collection and recombination with nitrogen 
of the hydrogen produced in the Castner cyanide 
synthesis. This hydrogen is relatively pure, 
containing only small quantities of methane and 
nitrogen. 

The Castner process was first put into opera¬ 
tion at Frankfurt-on-Main in 1899, a second 


plant was started at Glasgow in 1900, and a 
third near New York in 1901. 8ince that time 
it has continued to provide the greater part of 
the world’s cyanide requirements, and still 
retains its pre-eminent position. 

4. From Thionjanatc.<i. —The usual method of 
preparing cyanides from thiocyanates is first 
to convert the thiofyaiiate into ferroeyanide by 
one of the metliods already described (p. 469), 
and then to work up tlie ferroeyanide into 
cyanide by the Erlenmeyer method as described 
on p. 478. On the other hand, the direct desul- 
phurisation of thiocyanates can be carried out 
bv fusion with lead or zinc (Warren, Cliem. News, 
1890, 62, 252; Playfair, B.P. 7764 of 1890). 
The fusion is earrieil out at 400‘^C., and gives a 
70-80% conversioji to cyanide (Play fair, J.S.C.l. 
1892, 11, 14 ; C'onroy, ihid. 1896, 15, 8), which is 
extraetetl from the cooled melt with water, 
Playfair (lx.) also found that hydrogen rediuies 
potassium thiocyanate at a dull red lie,-it, giving 
potassium cyanide, potassium sulphide, and 
sulphuretted liydrogc^n. Conroy, Hosloj), and 
Shores (J.S.GT. 1901, 20, 320) found that, on 
reduction with hydrogen, about 70% of the 
nitrogen is obtaiiuid as potassium cyanide and 
20 % is further retiuced to hydrocyanic a(4d. 
An intere.sting proposal for the direct (h'sulphuri- 
.sation of ammonium thiocyanate by heating it 
with finely divided (‘opper at 3U0-50(fX*. 
has r(‘centlv been matle hv Konig and Sicgle atid 
Co. (B.P. 438358 and 438402, 1934). ('uprous 
sulphide is formed and the vapours of ammonium 
cyanide are evolved and are absorbed in watcir 
to give a dilute solution. It is not jiossible 
to separate solid ammonium cyanide from this 
solution, which is highly unstable on keeping, 
but it is clainual that the solution is suitable for 
use in the ext raction of gold f rom its ores. 

yAnv oxide may be usi'd as a desulphurising 
agent if carbon monoxide is also present. 
According to G.W 588823, 1932 (N.V. Stikstof- 
bindingsindustric, Nederland), a 96% yield of 
sodium cyanide is obtained by heating sodium 
thiocyanate above 400°C. with zinc oxide and a 
gas containing carbon monoxide : 

NaCNS+ZnO hCO-NaCN hZnS j COg 

Lime or chalk may be used instead of zinc oxide 
(B.P. 401627, 1932); in this ease tho initial 
crude product contains a high percentage of 
sodium cyanate, which can he reduced to 
cyanide, however, by continuing the passage of 
carbon monoxide: 

NaCNSfCaO-NaCNO+CaS 

NaCNO+CO-NaCN+COg 

5. Frmn Hydrocyanic Acid ,—The recovery of 
tho hydrocyanic acid content of “ Sohlempe ” 
gases {sec Hydrocyanic Acid, p. 493), in the 
form of solid sodium cyanide is an important 
technical process. Tho (!yanised gas, which 
contains 7% HCN, 7% NH 3 , and 24% COg 
by volume, is freed from ammonia by scrubbing 
with dilute sulphuric acid, and separated from 
carbon dioxide and enriched in hydrocyanic aci<l 
by scrubbing with water and fractionally distill¬ 
ing the aqueous HCN-extract. The gas con¬ 
taining the concentrated HCN thus obtained is 
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absorbed in aqueous caustic soda of such a 
strength that a saturated solution of sodium 
cyanide (45% by weight) is produced (Muhlert, 
Chom. App. 1925, 12, 156). This solution 
is evaporated in vacuo to a paste, which is 
centrifuged to give a product containing 10% 
of water, from which the rest of the water is 
removed by drying on heated trays in vacuo. 
The dried powder is then briquetted (U.P. 
18096 of 1907), and the product appears in 
commerce with the following analysis: N aC N 
92-93%, NagCOs 3-5%, NaCNO 0-7%, 
NaCI 1*0%, NaOH 0-5%, Na 2 S 04 0-2%, 
NagS 0-02%, 

In the above process, prior removal of carbon 
dioxide from the gas is necessary in order to 
avoid excessive formation of carbonate during 
the neutralisation. In carrying out this step, 
care must bo taken that the hydrocyanic 
acid is not present in excess, because of the 
tendency of free hydrocyanic acid to polymerise 
in contact with alkaline substances such as 
cyanides. If this polymerisation occurs, the 
product is discoloured and its commercial value 
impaired. The evaporation of the cyanide 
solution must be carried out in vacuo at a 
relatively low temperature in order to minimise 
saponification of the cyanide to formate and 
ammonia, which results in loss of cyanide 
efficiency and in formate contamination of the 
product. Various expedients have been 
suggested to avoid the evaporation step, but 
none has found practical application. Interest 
in the problem has, however, been revived by the 
development of the newer cyanide syntheses by 
high “temperature gas reactions and by forma- 
mide dehydration, wliidi reactions yield their 
hydrocyanic acid in the form of a dilute gaseous 
mixture similar to the cyanised 8ehlempe ” 
gas. 

According to G.P. 160637, 1903, the gas con¬ 
taining the HCN free from carbon dioxide may 
be passed over solid flake caustic soda at 200^0., 
so that the water produced (by the reaction 
NaOH-f HCN — NaCN-j-HgO) is vaporised, 
but no melting of the solid occurs. It is 
necessary in this method to grind the product 
when it contains 50-60% NaCN, in ordtT to 
expose fresh surfaces of caustic soda to the gas. 
Wiggers (Z. anal. Chem. 1876, 15, 448) obtained 
pure potassium cyanide by reacting hydrocyanic 
acid with a solution of caustic potash (3 parts) 
in 95% alcohol (1 part), washing the potassium 
cyanide precipitate with alcohol and drying it 
over sulphuric acid. Guignard and Watrigant 
(G.P. 243469, 1911) used alcoholic caustic soda 
for the preparation of sodium cyanide, and 
added metallic sodium from time to time to 
react with the water produced, so as to prevent 
the saponification of hydrocyanic acid to 
ammonia and formic acid. 

The evaporation of aqueous cyanide solutions 
may also be avoided by salting out the cyanide 
from solution with solid alkali (Tscherniac, 
G.P. 182774,1906; Chemische Fabrik Schlempe, 
G.P. 192884, 1906), the salting liquor being used 
again in the absorption. The Stassfurt Ohem- 
isohe Fabrik (G.P. 129863, 1901) claims that an 
anhydrous cyanide containing 43*6% C N can be 
obtained by crystallising from a solution 
VoL. III.—31 


containing the sodium and potassium salts in 
the ratio 2X0 N; NaCN, whereas sodium 
cyanide gives the dihydrate. 

A considerable amount of work has been done 
on the interaction of gaseous hydrocyanic acid 
with solid sodium carbonate to give sodium 
cyanide: 

NagCOg I 2HCN ^ 2NaCN +HgO f COj 

In the earlier experiments, high temperatures 
(700-906‘’C.) were used, and the cyanide was 
the run from the reaction chamber in 
molten state (Roeder and Griinwald, G.P. 
134102, 1901. Tscherniac (G.P. 145748, 1902) 
wwked at 450"C., and claimed to produce 
sodium cyanide of 98-99% quality. More 
recently attention has been paid to the physical 
form of the carbonate used, which greatly 
affects the speed of reaction and the strength 
of cyanide attainable in the solid product. 
K. Ilene (B.P. 375636, 1931) recommends the 
use of the light form of sodium carbonate 
produced by calcining bicarbonate below 
500'’C., and conducts the absorption of hydro¬ 
cyanic acid at 3G0''C. The Gcsellschaft fiir 
Kohlentechnik (F.P. 751191, 1932) describes 
the production of similarly reactive carbonate 
by dehydration of the (jrystalline hydrates under 
temperature conditions such that no solution, 
fusion, or fritting of the salt occurs. The H C N - 
fixation reaction is reversible, and the equili¬ 
brium 

I'-^[HCN]2/[H20][C02] 

precludes high percentage conversions of 
gaseous hydrocyanic acid, unless one or both 
of the gaseous reaction products, steam and 
carbon dioxide, are removed from the system. 
Thus A. 1). Macallum (U.S.P. 1966253, 1934) 
describes the (conversion of the hydrocyanic 
acid in the gaseous product of formamide 
dehydration {tsee Hydrocyanic acid, p. 495) 
into solid sodium cyanide by passing the gas 
over reactive sodium carbonate at 2()()-5()0^G., 
removing either or both of the gaseous by¬ 
products, water and carbon dioxide, and re¬ 
circulating the residual gas. 

6 . From Nitrogen and Alkali Metal Carbonates. 
—Of the syntheses of alkali metal cyanides from 
elementar}^ nitrogen the one which has achieved 
the greatest practical importance is the action 
of nitrogen on a mixture of alkali carbonate and 
carbon, generally in the presence of a metallic 
catalyst. The reaction is expressed by the 
equation : 

Na 2 C 03 + 4 C+N 2 - 2NaCN + 3CO 

Such a synthesis may have been carried out by 
Scheele in 1783 {see “ Chemical Essays,” 190i, 
reprint, p. 288) when he noticed the formation of 
ferrocyanide on fusing charcoal with alkalis, and 
was certainly used by ,L. Thompson (Mechanics 
Magazine, 1839, 31, 92) when he substituted 
atmospheric nitrogen for nitrogenous animal 
matter in the preparation of ferrocyanides. 
Thompson realised the importance of the 
presence of iron, which lowers the temperature 
necessary for cyanide formation. 

The first attempts to carry out the reaction 
on a technical scale were made by Possoz and 
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Bomiire (B.P. 998S of 1843) in France, and an 
account of further large-scale experiments in 
England is given by Graham (Report of Juries, 
Exhih. of 1, 95). Wood charcoal was 

soaked in a solution of potassium carbonate 
and dric'd to p:ivo a mixture containing about 
20 % KgO, which was heated to a white heat 
(probably 1,300-1,400°C.) in fire-brick vertical 
retorts. In order to supply as rapidly as 
possible the large quantities of heat necessary 
to attain this high reaction temperature, and 
to make good the heat absorbed by the endo¬ 
thermic reaction (amounting to 64*5 cals, per 
g.-mol. of potassium cyanide produced), hot 
furnace gases (consisting of nitrogen and 
carbon dioxide) w'ero drawn directly into 
the cyanising mass through slots in the brick¬ 
work of the retort by means of a suction applied 
at its upper end. Above the high-temperature, 
cyanising section of the retort was a section in 
which the preliminary drying of thealkalised 
charcoal by the hot furnace gases took place; 
and below it was a cooling section from which 
the cyanised product was withdrawn into ferrous 
salt solution for the production of ferro- 
cyanide. The process fail(‘.d financi.'tlly owing to 
high potash losses and the short life of the 
retorts. About one-third of the alkali and one- 
half of the charcoal were cyanised. 

Victor Alder of Vienna clearly recognised the 
three important conditions w^hich contribute to 
the successful operation of this process, namely, 
the catalytic action of iron (B.P. 1004 of 1880), 
the intimate admixture of the solid reactants, 
and the porosity of the charge so as to admit of 
free access of nitrogen. In B.P. 5617 of 1881 
he describes the preparation of the charge by 
mixing charcoal with alkali and adding saw^dust 
or other material, so that on heating the mixture 
a porous mass results. The catalytic metal may 
be added as such, or as oxide, or as a salt solution 
which will hydrolyse on heating to give a deposit 
of the oxide, which in turn is reduced to the 
metal under the cyanising conditions. The 
catalytic activity of iron (and to a less extent of 
other metals) was studied by Tauber (Ber. 1899, 
82, 3160; Chem. Ind. 1903, 26, 26): the 
average conversion of alkali to cyanide in these 
experiments was only 10%, and the maximum 
26%. 

Great progress in this cyanide synthesis was 
shown by the work of J. E. Bucher in America 
(Ind. Eng. Chem. 1917, 9 , 233; B.P. 27713 
of 1912, 13332 and 23292 of 1914, 2286 of 
1915), with the result that the process was 
commercially developed in that country during 
the later years of the War of 1914-18. Descrip¬ 
tions of small, semi-technical and full-scale plant 
appear in the literature, and in addition to the 
article by Bucher mentioned above, the following 
may also be consulted: Brown, Ind. Eng. 
Chem. 1919, 11, 1010; De Kay Thompson, 
Chem. Met. Eng. 1922, 26, 124; Chickering, 
ibid, 1924, 81, 967). Carbon in the form of 
charcoal, by-product carbon made by extrac¬ 
ting wood charcoal with caustic soda, or coke 
(which, however, gives inferior results) and 
iron oxide (FegOg or Fe 304 ) are separately 
ground to pass a lOO-mesh sieve, then re- 
ground together and dry sodium carbonate 


added. The open-grained structure required for 
easy access of nitrogen is obtained by briquetting 
the mixture ; the powder is kneaded at lOO-’C. 
with water sufficient to form the monohydrate 
NajCOg.HjO, and the paste extruded in the 
form of rods 1 in. long and J in. in diameter, 
which are dried immediately to prevent deca- 
hydrate formation. The proportions of car¬ 
bon, iron, and sodium carbonate in the mixture 
are from 2:2:1 to 2 : 2 :2, the greatest reaction 
velocity being obtained with the lowest sodium 
carbonate content. The reaction temperature is 
950-l,000°C., at which the briquettes are 
slighty plastic: reaction does not occur below 
700°C., and temperatures above 1,150°C. (the 
eutectic of iron-carbon) should be avoided, 
because fusion of the iron particles diminishes 
their active surface. The method of heating 
may be externally by gas or electric power, or 
internally by using the hot charge itself as an 
electrical resistance. This last method is pre¬ 
ferred by Bucher, since it affords a means of 
supplying the necessary heat (including that of 
the endothermic reaction) at a high rate. Pure 
nitrogen or producer gas may be used as the 
source of nitrogen. According to I)e Kay 
Thompson (/.c.), the results with producer gas 
are inferior, and this may be due to the rever¬ 
sibility of the reaction : 

Na2C03H-4C-f Ng 

=2NaCN + 3CO-~138 5 k.g.-cals. 

The use of producer gas decreases the partial 
pressure of nitrogen and increases that of carbon 
monoxide, displacing the equilibrium to the 
left. Do Kay Thompson states that the amount 
of nitrogen required for satisfactory results is 
three times the theoretical. 

In a typical batch experiment, a carbon-iron- 
carbonato mixture of the composition 2:2:1 
w'as heated in 13 minutes from 710° to 920°C. in 
a current of nitrogen, and gave a product con¬ 
taining 15-2% NaCN, corresponding to a 
92% conversion of carbonate into cyanide. At 
900-950°C. some volatilisation of sodium 
cyanide occurs, so that the upper layers of a 
batch product are richer in cyanide than the 
lower ones. 

The more recent work on this process for 
cyanide synthesis has been directed towards the 
development of methods of preparing masses of 
porous, highly reactive alkalised coke for the 
reaction. It is claimed that very porous and 
active briquettes are made by mixing sodium 
bicarbonate with coke and a small amount of a 
binding agent (such as sodium chloride) and 
heating to 300-400°C. (Mentzel, B.P. 367698, 
1930; Bartling, U.S.P. 1967129, 1934); the 
evolution of carbon dioxide from the bicarbonate 
gives the mass the necessary porosity. A 
further proposal is to start with raw carbonaceous 
matter (e.g, lignite or coal), which is mixed with 
sodium carbonate or bicarbonate and a binding 
agent, then briquetted and carbonised (Mentzel, 
G.P. 647694, 1930; Alterum Kredit A.-G., 
G.P. 604418, 1932); carbonisation in the 
presence of the alkali confers upon the coke an 
enhanced reactivity. It is claimed for activated 
masses of these types that they can be cyanised 
with nitrogen at temperatures as low as 830-* 
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850®C., apparently in the absence of iron 
catalyst. It has already been mentioned 
that the Bucher process gives better results 
when the carbon and iron in the reaction mixture 
are in excess; A. Mentzel finds for his non- 
catalysed cyanising process that it is advan¬ 
tageous to use a 25-33% excess of carbon, the 
excess being added in the form of granules of 
diameter not more than 3 mm., to provide 
porosity and contact surface (G.P. 614100,1930). 

The fact that the cyanising reaction is rever¬ 
sible was proved by the experiments of Ferguson 
and Manning (Ind. Eng. Chem. 1919,11, 946). 
These authors heated mixtures of charcoal 
(1 part), iron (1 part), and sodium cyanide or 
carbonate (3 parts) with a range of definite 
mixtures of nitrogen and carbon monoxide. The 
composition of the product was independent of 
the nature of the solid raw materials, but varied 
with the temperature and the composition of the 
gas. At 946°C. a gas containing 5% carbon 
monoxide gave a solid product with 75% of the 
alkali cyanised, and one containing 48% CO a 
product with only 27*5% cyanised. At 1,000°C. 
the first gas mixture gave 80% cyanisation, and 
the second 59%. Ingold and Wilson (J.C.S. 
1922, 121, 2278) took precautions to avoid 
errors due to the volatilisation of sodium cyanide 
at these high temperatures, and found that, in 
the range 850-950°C., the relation between the 
composition of the liquid phase (NajCOo and 
NaCN) and the gaseous phase (CO and Ng) 
in equilibrium can bo expressed by 



p 




-23-91 


31,180 

T ' 


where x is the fraction of the sodium which is 
present as cyanide, p is the mol. fraction of 
nitrogen in the gas, and tt is the total pressure. 

The Bucher process was operated on a 
technical scale for a short time during 1918 
by the Government of the United States, whoso 
plant is described by Brown (Ind. Eng. Chem. 
1919, 11, 1010). The retorts were stationary 
nichrome tubes heated by producer gas, each 
tube having a life of 11-14 days and producing 
about 7J Ib./hour of sodium cyanide. Pure' 
nitrogen from an air-liquefaction plant was' 
used for the cyanising. The recovery of cyanide 
from the product by lixiviation with water is ; 
attended with the danger of ferrocyanide j 
formation, though Chickering (Chem. Met. 
Eng. 1924, 31, 967) describes such a method of 
obtaining anhydrous sodium cyanide from the 
product via the dihydrate. The method 
adopted at the plant in question was leaching 
with liquid ammonia under pressure. By this 
method unchanged alkali and carbon are left 
behind and can be reground with fresh raw 
materials for return to the retorts. Sodium 
cyanide of 92% purity was obtained from the 
liquid ammonia solution in the form of a white 
powder by evaporating off the ammonia in 
steam-heated evaporators, the ammonia loss 
being relatively low at 2 lb. per 100 lb. of cyanide 
made. A related process was worked between 
1923 and 1927 by the California Cyanide Co. of 
Los Angeles. The retorts, made of nichrome or 
other niokel-chromium-iron alloy (B.P. 199900, 
1922), were slightly inclined rotating tubes, 


15 in. in diameter and having a length of 
10 ft. heated to 950-1,OSO^^C. (B.P. 202383, 
1922). The charge consisted of a finely ground 
and granulated mixture of 54 parts of coke, 44 of 
sodium carbonate and 2 of iron (B.P, 136750, 
1919), which passed down the tube in counter¬ 
current to the flow of nitrogen and was con¬ 
verted into a product containing 25-30% 
NaCN. As the primary object of this manu¬ 
facture was the production of hydrocyanic acid, 
the solid product was treated with moist carbon 
dioxide (U.S.P. 1385335, 1385336, 1921), which 
was passed through the solid spread out on 
perforated trays: 

2 NaCN+H 20 +C 02 -Na 2 C 03 -f 2 HCN 

In carrying out this reaction it is necessary to 
diminish the time of contact of the hydrocyanic 
acid with alkali, in order to minimise its 
decomposition and polymerisation. The 
product gases were dried and the hydrocyanic 
acid condensed by cooling. If desired, the dry 
hydrocyanic acid may be converted into sodium 
cyanide by reaction with sodium carbonate as 
described under Alkali Metal Cvanides, 
p.481. 

7. From Nitrogen, Alkali Metals, and Carbon. 
—The direct synthesis of potassium cyanide 
from its elements was first observed by Marchand 
(J. pr. Chem. 1850, 49, 351) in testing for the 
presence of nitrogen in cast iron and stool by 
Lassaigne’s method of heating the sample to 
red heat with potassium, extracting the product 
with water, and applying the Prussian blue test 
to the solution. Marchand found that, by 
repeated treatment of a sample of powdered 
iron, he was unable to exhaust the cyanide- 
forming reaction, and ho showed that the 
cyanide was derived from gaseous nitrogen by 
carrying out the reaction in a closed tube con¬ 
taining nitrogen, which was completely ab¬ 
sorbed. Since he was unable to prepare 
Prussian blue from the mixture of iron and 
carbon obtained by heating ferric succinate or 
benzoate, Marchand concluded that the carbon 
must be in chemical combination with the 
iron. At a later date, however, Remsen 
(Amer. Chem. J. 1881, 3, 134) showed that iron 
powder loses its catalytic activity when super¬ 
ficially oxidised by exposure to air, and this 
may explain Marchand’s failure with his 
simple mixtures of carbon and iron. Similar 
observations were made by Tauber (Bor. 1899, 
32, 3150). 

Bucher in 1912 made use of the catalytic 
activity of iron in the synthesis of sodium 
cyanide from its elements (B.P. 11797 of 1913; 
U.S.P. 1082845, 1913; 1116559, 1914). The 
iron and the carbon are intimately mixed, and 
reaction with sodium and nitrogen proceeds at 
500-1100°C. Bucher, like Marchand, believes 
that the iron acts as a solvent for the carbon, 
which is then capable of entering into reaction 
with sodium and nitrogen. In the cyanide 
synthesis from sodium carbonate {see previous 
section), Bucher postulates the initial formation 
from the carbonate and carbon of some metallic 
sodium, which is continually consumed by con¬ 
version into cyanide. This hypothesis makes 
the rate of cyanide formation dependent on the 
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rate of solution of solid carbon in solid iron and, 
in view of the extremely rapid formation of 
cyanide actually observed, is hardly acceptable. 

An early process of Castner (B.P. 12218 of 
1894), in which molten sodium was allowed to 
flow downwards over a c;olumn of red-hot 
charcoal in an iron vessel, while a current of 
nitrogen was passing upwards through it, did 
not use the catalytic influence of iron. Castner 
abandoned it in favour of his synthesis from 
ammonia and sodium (j). 479), but it was further 
investigated by the Hoesslor and Hasslacher Co. 
in America at a later date. They found that a 
mixture of sodium vapour and nitrogen reacts 
with charcoal in the absence of iron above 650°C., 
and that the speed of the reaction above 800"C. 
is great enough to make the process com¬ 
mercially practicable (H. Philipp, Chem. 
Met. Eng. 1920, 22, 313; U.S.P. 1249821, 
1917; 1235887,1917; 1332439,1920). Similar 
proposals are contained in G.P. 308339, 1920, 
of Broch, who passes nitrogen under pressure 
through boiling sodium, and heats the vapour 
and gas under pressure with carbon in presence 
of an iron catalyst above the melting-point of 
sodium cyanide. 

These processes have failed to displace or 
compete with the established Castner process 
on account of the great progress which has been 
made in the manufacture of synthetic ammonia. 

8. From Carbides and Nitrogen .—Many pro¬ 
posals have been made for the production of 
sodium cyanide from carbides and nitrogen. 
They are all either variants of or closely 
related to the technically important process by 
which crude calcium cyanide is made from 
calcium carbide and nitrogen through the 
intermediate compound calcium cyan amide, 
and are therefore described in tlie section dealing 
with this process (Alkaline Earth Cyanides, 
p. 487). 

Properties of the Alkali Metai. Cyanides. 
Potassium cyanide, KCN, crystallises in an¬ 
hydrous, colourless octahedra from aqueous 
solutions, or in cubes from the molten salt. 
The specific gravity of the solid is 1*52. It 
melts at a dull red heat, and volatilises without 
decomposition at high temperatures. It is 
readily soluble in water ; the saturated solution 
at 25°C. contains 71-2 g. KCN per 100 g. of 
water (Bassett and Corbet, J.C.S. 1924, 125, 
1660), and at the boiling-point (103-3'’C.) 
122-2 g. per 100 g. of water. Dry ethyl alcohol 
dissolves 1-9 g. KCN per litre, inethanc»I 30 g. 
per litre at 25"^ (Thompson, U.S. Bur. Standards, 
J. Kesearch, 1931, 6, 1051). It is moderately 
soluble in anhydrous ammonia; atreording to 
Johnson and Krumboltz (Z. physikal. Chem. 
1933, 167, A, 249), 4-65 g. of KCN dissolve in 
100 g. of ammonia at-33’9°. The salt 
deliquesces in moist air. 

When a mixture of potassium cyanide and 
soda lime is heated in air at 270°C., 23% of the 
cyanide is oxidised to nitrate; silver and 
nickel assist the oxidation catalytically, the 
yields of nitrate being 65 and 71% respectively 
with these metals. The oxidation of cyanide to 
cyanate by alkaline permanganate is accelerated, 
and secondary reactions are suppressed, by 
copper sulphate (Gall and Lehmann, Ber. 1928, 


I [®]» 670). Potassium cyanide reacts with 
I tetrathionate in aqueous solution to form 
thiocyanate, sulphate and thiosulphate; the 
reaction velocity has been measured by Ishi- 
kawa (Z. physikal. Chem. 1927,180, 73), and the 
effect of varying the pg value of the reacting 
solution by Eorosti (Atti soc. ital. progresso sci., 
1934, 22, No. 2, 263; Z. anorg. Chem. 1934, 
217, 33): 

S40e"d CNM-20H' 

-SaGa^+SO/ fCNSM HaO 

This reaction is of physiological importance in 
connection with the use of tetrathionate as an 
antidote in cyanide poisoning. 

A phase rule study of the double salts of 
potassium cyanide with the cyanides of copper, 
silver, gold and thallium has been made by 
Bassett and Corbet (J.C.S. 1924, 125, 1660), 
and with those of zinc, cadmium, mercury and 
nickel by Corbet {ibid. 1926, 129, 3190). 

Sodium cyanide, NaCN, crystallises from 
the molten salt in anhydrous, apparently cubic 
crystals. From aqueous solutions below 
35"C. large colourless plates of the dihydrate, 
NaCN,2HjjO, are deposited. Joannis (Ann. 
chirn. phys. 1882, [v], 26, 484) obtained a 
hydrate NaCN,^H20 from cold 85% alcohol. 
The dihydrate decomposes at 34*7®C. into 
the anhydrous salt and a saturated solution, 
about 40% of the sodium cyanide separating 
in the anhydrous state. The solubility of the 
dihydrate in water is as follows (in g. NaCN 
per 100 g. of water): 

Temp. '’C. -20 0 20 34-7 

Solubility . 35-4 43-4 58-3 82 

The solubility of the anhydrous salt is almost 
independent of the temperature at 82 g. per 
100 g. of water. 

Dry ethyl alcohol dissolves 9-7 g. NaCN per 
litre, and methanol 78 g. per litre at 25° (Thomp¬ 
son, U.S. Bur. Standards, J. Research, 1931, 6, 
1051). The solubility in aqueous methanol 
is given below in g. NaCN per litre of 
solution: 


% Methanol by weight. 


Temp. °C. 

100 

79*9 

61-4 

60 

16 

67-9 

131 

207 

231 

31 

63-3 

142 

— 

272 


100 g. of anhydrous ammonia dissolve 114-5 g, 
of sodium cyanide at —12° to —25°C. At 
lower temperatures a compound NaCN-SNHg 
separates in large flat plates resembling the 
dihydrate. The solid ammoniate is in equili¬ 
brium with solutions of the following com¬ 
position (unpublished work by T. Ewan): 


Liquid phase, g. NaCN 


Temp. "C. 

per 100 g. NHg. 

-31 

57-7 

57-7 

-32 

43 

75 

-.33 

40 

80 

-34 

34 

88 

-39 

21 — 


Sodium cyanide (96%) melts at 540°C. Ingold 
(J.C.S. 1923,123, 885) has measured the vapour 
pressure at various high temperatures: 

Temp. °C. 800 900 1000 1100 1200 1300 1860 
Vap. press. 

(mm.) 0-76 3-43 12-4 36 89-8 204 814 
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The boiling-point is 1,600°C., and the latent 
heat of evaporation 37 kg.-cals. i)er g.-mol. 
The pure salt, when heated in dry air free from 
carbon dioxide, is stable at temperatures up to 
370“C. Rapid oxidation occurs, however, in 
the presence of iron or nickel or their oxides, 
with formation of cyan ate, carbonate and carbon 
dioxide. Sodium cyanato is the primary pro¬ 
duct, which is itself rapidly oxidised to carbonate 
and carbon dioxide in the presence of nickel : 

2NaCN0+30 -Na2C03+C024 N 2 
R. HOltje (Z. anorg. Clhem. 1933, 214, (>5) has 
investigated the changes occurring in melts of 
sodium cyanide and sodium hydroxide. In the 
absence of water and oxygen, reaction only 
occurs above 500'"C., and the products are 
carbonate, cyanamide and hydrogen. If a 
little water is present, decomposition starts 
at 300‘^C. with saponification to ammonia and 
formate, the latter being (converted into 
carbonate and hydrogen. Nitrogen, carbonate, 
and nitrate are produced in the ])resonce of 
oxygen. 

Sodium c 3 ^anido absorbs moisture from the 
atmosphere. It has been found to take up 
water from air which has b(^en saturated with 
aqueous vapour at 20°C. at all temperatures 
below 44°0. Care is therefore necessary in 
taking samples of the salt for analysis. Dilute 
solutions of sodium cyanide slowly deconqmse in 
contact with air, the hydrocyanic acid formed in 
the solution by hydrolysis being lost by evapora¬ 
tion and thus allowing the deciomposition to 
proceed further. Carbon dioxide absorbed from 
the atmosphere also displaces hydrocyanic acid 
with a similar result. At higher temperatures, 
for instance, during the evaporation of solutions, 
saponification to ammonia and formic acid ma^^ 
occur. Data on the rate of hydrolysis of 
potassium cyanide solutions under various 
conditions are given by Novalevitsch (Ukrain. 
Chem. J. 1934, 8, Wiss. tech. Toil, 226) 
and Wick (Quart. Rev. Amer. Electroplaters’ 
Soc. 1933, 19, No. 10, 20). When strong 
sulphuric acid is present, the formic acid 
initially produced by the saponification is 
immediately decomposed into carbon monoxide 
and water. 

In the presence of oxygen, sodium cy^anide 
dissolves almost all metals with the exception 
of lead and platinum. In the case of iron, 
which Liebig found to dissolve in cyanide wdth 
production of ferrocyanide and hydrogen, it is 
necessary for the iron to be in a finely divided 
form, since iron vessels are used in the technical 
handling of hot, concentrated cyanide solutions 
without serious corrosion. Zinc is slowly 
dissolved without oxygen, but more rapidly 
when it is present. 

Uses of Sodium Cyanide .—The most extensive 
use of sodium cyanide is in the extraction of 
gold and silver from their ores, and this subject 
is dealt with under Gold Cyanides, p. 486. 
Another use of the alkali metal cyanides is in 
electroplating, which is mentioned under 
Silver Cyanide, p. 487. Other applications 
are as follows: 

(i) Case-hardening .—^When a soft steel, usually 
containing about 0*16% carbon, is immersed in a 


bath of fused sodium cyanide at 800-900°C., 
both carbon and nitrogen are taken up super¬ 
ficially in the form of a solid solution of the 
carbide, FegC, and the nitride, Fe 2 N, in y-iron. 
When the steel is cooled very rapidly this is 
changed into a supersaturated solution of these 
substances in a-iron, which is extremely hard; 
the underlying metal remains unchanged. The 
composition of the hardened skin may be 
controlled by diluting the cyanide bath with 
sodium carbonate, a bath rich in cyanide giving 
a higher carbon content, and the thickness of 
the skin by varying the time of immersion; 
1 hour at OOO'^C., for example, gives a penetration 
of 0-4 mm. (Reilby and Nelson, J.S.C.I. 1932, 51, 
J49T). Bucher showed (Ind. Eng. Chem. 1917, 
9, 236) that the reversible decomposition of 
cyanide according to the equation 

2NaCN ^ 2Na 1 2C fNg 

takes place in the presence of iron ; cyanide 
and pure iron give carbon and nitrogen by 
de(!omposition, wdiich combine with the iron, 
w'heroas carburised iron with sodium and nitrogen 
gives cyanide. 

(ii) Vroth Flotation .—In 1922 She^ridan and 
Griswold (U.S.P. 1427235, 1421585) showed that 
zinc blende and galena may be separated by 
carrying out the knowm froth flotation process in 
an alkaline solution containing sodium cj^anide. 
Only 0-1-0*2 lb. of sodium c^’anide per ton of ore 
is required to })revent the flotation of the zinc 
blende, that of the galena being unaffected. 
The process may also bo applied to the separa¬ 
tion of tlie crystalline sulphides of copper and 
iron, cyanide acting as a depressant for the iron. 
A discussion of the mechanism of flotation is 
given by Brighton, Burgener and Gross (Eng. 
and Min. J. 1932,133, No. 5, 276). The action of 
certain sulphur-containing compounds in pro¬ 
moting the collection of minerals in the froth 
appears to be connected with their ability to 
form films of insoluble heavy metal salts at the 
mineral-solution-air interface, and the action of 
cyanide in destroying the collecting action is 
sai<l to be due to the solvent action of cyanide on 
the collecting films. It is also suggested that, 
where pyrite is present, the formation of ferro- 
and ferri-cyan ides may contribute to the depress¬ 
ing effect ; those compounds might become 
adsorbed at the surfaces, and might also change 
the polarity of the charge adsorbed on the 
sulphide surface. 

III. HEAVY METAL CYANIDES. 

In this section is given a brief account of the 
preparation and properties of the technically 
important heavy metal cyanides. 

Copper cyanide. —The only stable cyanide 
of copper is cuprous cyanide, CUg^CN),. 
When potassium cyanide is added to cupric salt 
solution, a brownish precipitate of cupric 
cyanide, Cu(CN) 2 , is first formed, wliich 
gradually evolves cyanogen and changes into 
green cupric cuprocyanide. On heating, this 
complex salt loses a further quantity of cyanogen 
and yields white cuprous cyanide, which 
resembles silver cyanide in constitution and 
reactions. It may also be produced by the 



486 


CYANTIDES. 


action of sodium cyanide on a solution of 
cuprous chloride in sodium chloride solution, 
when no cyanogen is lost. 

Cuprous cyanide is soluble in solutions of the 
alkali metal cyanides, about 2-5 mols. of KCN 
being required to dissolve 1 mol. of CuCN ; 
the solutions contain the complex anions 
Cu(CN) 3 '' and Cu(CN) 4 ''' according to 
Kunsohert (Z. anorg. Chem. 1904, 41, 359), 
but Britton and Dodd (J.C.S. 1935, 100) 
were able to find Cu (C N their conclusion 
being based on measurements of the HCN- 
vapour pressure over the solution, the pjj value, 
and the electrical conductivity of the solution. 
The complex anion is exceedingly stable, its dis¬ 
sociation into cuprous ions being so slight that no 
cuprous sulphide is precipitated from the solution 
by sulphuretted hydrogen. For this reason 
copper in the presence of oxygen, and all copper 
compounds, dissolve readily in cyanide solutions. 
Solutions of sodium and potassium cupro- 
cyanides are used in the electrodeposition of 
copper on iron. 

Gold cyanides. —Aurous cyanide, AuCN, 
is a yellow crystalline powder, insoluble in 
water and mineral acids, which is formed by the 
action of hydrocyanic acid on auric hydroxide, 
or by warming potassium aurocyanide with 
hydrochloric acid and evaporating the solution 
to dryness, washing the residue with water. 
It is readily soluble in solutions of the alkali 
and alkaline earth cyanides, giving complex 
aurocyanides such as KAu(CN) 2 . A solution 
of the potassium salt is used for electroplating 
with gold, and may readily be made by pre¬ 
cipitating a solution of gold chloride "with 
ammonia and dissolving the fulminating gold in 
a solution of potassium cyanide, or by precipitat¬ 
ing gold chloride with magnesia, dissolving out 
the excess of magnesia in the precipitate with 
nitric acid, and then dissolving the auric 
hydroxide in potassium cyanide as before. 

Sodium aurocyanide is technically important 
because it is formed when finely divided gold is 
dissolved in a solution of sodium cyanide in the 
presence of oxygen or other oxidising agent: 

4NaCN+2Au-fi02+H20 

-2NaAu(CN)2+2NaOH 

Gold is one of the noblest metals and comes 
below hydrogen in the electro-potential series. 
Hence when gold is in contact with water or 
acids, equilibrium in the reaction 

2Au+2H+?:i2Au++H, 

is reached at infinitesimal concentrations of 
aurous ion. The effect of cyanide in causing the 
solution of some metals, for example, iron and 
copper, in water is due to the formation of little 
dissociated complex metal cyanide ions, which 
continually reduces the concentration of the 
simple kation and causes the dissolution reaction 
to proceed. In the case of gold, however, the 
equilibrium concentration of aurous ion is 
so vanishingly small that the formation of 
aurocyanide ion is not in itself sufficient to 
promote the dissolution of the metal, even 
though the complex ion, as stated below, is 
extremely stable and little dissociated. It is 
necessary, in addition, to remove the hydrogen 


liberated by the solution reaction, by having 
present an oxidising agent such as dissolved 
oxygen or hydrogen peroxide. lonicaUy, there¬ 
fore, the reaction by which gold dissolves in 
aerated cyanide solution may be represented as 
follows: 

2Au+4CN'-2Au(CN)a'+20 

H2O+4O2+20=2OH' 

The dissociation of the complex aurocyanide 
anion into aurous and cyanide ions is very 
slight, and smaller than the dissociation of the 
complex silver and mercury cyanide ions. Thus, 
although free gold is electro-negative to both 
silver and mercury, and would be displaced by 
them from solutions of simple aurous salts, gold 
in cyanide solutions is electropositive to these 
metals, and displaces them from their solutions 
in cyanide. In the case of a more electro¬ 
positive metal such as zinc, on the other hand, 
the difference in the solution tendencies of the 
free metals is too great for the stability of the 
complex aurocyanide ion to cause a reversal of 
the normal relation, and zinc readily displaces 
metallic gold from aurocyanide solutions with 
the formation of a complex zinc cyanide: 

2Au(CN)2'+Zn^Zn(CN)4"+2Au 

In the technical extraction of gold from its 
ores, the ground ore is leached with alkaline 
cyanide solution of approximately 0'05% 
strength, and the gold is precipitated from the 
resulting aurocyanide solution by treatment with 
zinc shavings or finely divided zinc dust. There 
are frequently present in the ore quantities of 
iron, copper and zinc sulphides which increase 
the cyanide consumption in the dissolution 
process by converting cyanide into complex 
cyanides and thiocyanate. In order to reduce 
the loss of cyanide by this degradation, it is 
advisable to use cyanide solutions of lower 
strength, but a limit to the reduction of strength 
of the leaching solution is set by the fact that it 
causes incomplete precipitation of the gold from 
the pregnant cyanide solution by the zinc. In 
current practice at the reduction plants of the 
Rand goldfield, the cyanide consumption 
averages 0*25 lb. NaCN per ton of ore treated. 

Numerous proposals have been made for the 
recovery of the cyanide rendered unavailable by 
reaction with iron, copper, zinc and sulphur in 
the ore. Mills and Crowe (B.P. 241669, 1924) 
would acidify the solution leaving the zinc boxes 
(after precipitation of the gold) with sulphur 
dioxide, and remove the hydrocyanic acid from 
it by a current of air. The hydrocyanic 
acid is re-absorbed from the air in alkali. 
Leaver and Woolf (Amer. Inst. Min. Met. 
Engs., Tech. Publ. 205, 1929) propose to acidify 
the solution and then to precipitate copper and 
zinc with sodium sulphide ; after the addition 
of lime to the filtered solution it is re-used. 
R. M. P. Hamilton describes a process whereby 
zinc sulphate is added to the barren solution, 
throwing down a mixture of zinc and cuprous 
cyanides, this is boiled with dilute sulphuric 
acid, liberating hydrocyanic acid which is 
absorbed in milk of lime for return to the 
cyanidation process, and regenerating the zinc 
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sulphate (Eng. and Min. J. 1932, 188, No. 1, 
53). In B.P. 416475, 1932, it is proposed to 
treat the gold-bearing cyanide solution with a 
cuprous salt, which gives a precipitate consisting 
essentially of cuprous cyanide and the cuprous 
salts of the complex cyanides of the precious and 
other metals ; this precipitate is treated with 
sulphuric acid to liberate hydrocyanic acid 
equivalent to all the complex cyanides, leaving a 
residue containing the precious metals and 
cuprous thiocyanate, from which the latter is 
removed by roasting to copper oxide and leach¬ 
ing with acid. The copper solution may be 
re-used in the process. 

Auric cyanide, Au(CNlaHCN-HHaO , is 
formed on treating potassium auri cyanide with 
hydrofluosilicic acid. 

Mercuric cyanide, Hg(CN) 2 , is prepared 
by dissolving mercuric oxide in excess of hydro¬ 
cyanic acid and evaporating to crystallisation. 
It crystallises in anhydrous, colourless crystals 
of sp.gr. 4-0. It is soluble in water to the extent 
of 93 g. per litre at 20'^C., and 530 g. per litre at 
100 °C. The solubility in ethyl alcohol is 10*1 g. 
per 1(X) g. at 19-5‘^C., and in methanol 44*2 g. 
per 100 g. at the same temperature. The 
electrolytic dissociation of mercuric cyanide in 
aqueous solution is extremely small, so that 
mercuric cyanide can be formed, for instance, 
by boiling mercuric oxide with Prussian blue; 
this shows that its dissociation is even less than 
that of the ferrocyanides into cyanide. It is 
not decomposed by caustic alkalis, and only 
gives hydrocyanic acid on boiling with strong 
acids. Sulphuretted hydrogen does, however, 
precipitate the extremely insoluble mercuric 
sulphide from its solution. The reaction of 
mercurous salts with cyanides yields mercuric 
cyanide and mercury, instead of the expected 
mercurous cyanide. On heating to 400°C., 
mercuric cyanide decomposes into mercury and 
cyanogen. 

Small quantities of mercuric cyanide are 
sometimes used in addition to alkali cyanide in 
the treatment of ores containing silver sulphide 
(Clonnel, “ Cyanide Handbook,” London, 1910, 
p. 297). By its use the dissolution of silver 
sulphide is accelerated, probably owing to 
the formation of mercuric sulphide by the 
reaction: 

Hg(CN)2-f AggS-l 2KCN 

= HgS+2KAg(CN)2 

Silver cyanide, AgCN, is formed by pre¬ 
cipitation of silver salt solutions with hydro¬ 
cyanic acid, or alkali cyanide solution not in 
excess. It forms a white, cheesy precipitate 
which is stable to light. Its solubility in 
water at 25®C. is 4-4x g.-mols. per litre, 

intermediate between the thiocyanate (less 
soluble) and the chloride. It is hardly attacked 
by cold, dilute nitric acid, but is decomposed 
quantitatively on boiling (Plimmer, J.C.S. 1903, 
88 , 285). It is slightly soluble in an aqueous 
solution of hydrocyanic acid, forming the 
unstable complex acid HAg(CN) 2 , and dissolves 
readily in alkali cyanide solutions to give alkali 
salts of this acid, which are very stable. The 
electrolytic dissociation of the complex Ag (C N 
ion is so small that all silver salts, except the 


sulphide, are dissolved by cyanide solutions; 
the sulphide and the free metal require the 
presence also of oxygen for their dissolution (see 
under Gold Cyanides, p. 486). The soluble 
salt KAg(CN )2 is used for electroplating, 
fulfilling the requirement of producing a 
tenacious deposit of the proper consistency by 
reason of the fact that its solutions have a 
very small concentration of free Ag+ ions; 
to obtain the same conditions with simple silver 
salts, very dilute and highly resistant solutions 
would have to be used. The view is held that 
silver cyanide itself is to be regarded as the silver 
salt of the acid HAg(CN) 2 . 

On heating in the dry state, silver cyanide 
gives off about one-half of its cyanide in the form 
of cyanogen (CNlg, and on further heating in 
the presence of oxygen gives metallic silver 
containing some carbon. 

Zinc cyanide, Zn(CN) 2 , may be prepared 
by precipitating zinc acetate solution with 
hydrocyanic acid vapour. It is also formed by 
the action of hydrocyanic acid on zinc oxide, but 
is diflScult to prepare in the pure state owing to 
the ease of its partial decomposition by water. 
It is a white substance, insoluble in water but 
soluble in acids and in cyanide solutions. The 
dry salt decomposes only at a bright red heat. 

Complex cyanides, in which the zinc appears 
in the anion, are formed when zinc cyanide 
dissolves in alkali cyanide solutions. The com¬ 
plex zinc cyanide ions are much less stable 
than those containing copper, gold, silver and 
mercury, and zinc sulphide is precipitated by a 
small excess of alkali sulphide. The potassium 
salt, K 2 Zn(CN) 4 , crystallises from aqueous 
solution in large, well-formed octahedra, the 
solubility of which is 11 g. per 100 g. of water at 
20°C. It is fusible at a red heat without 
decomposition. The sodium salt, NaZn(CN) 3 , 
2 ^ 2 ^, is readily soluble in water. 

Barium platlnocyanide, 

BaPt(CN)4,4H20, 

is made by electrolysing a solution of barium 
cyanide (270 g. per litre) between platinum 
electrodes with an alternating current at a 
current density of 0-4 amperes per sq. cm. About 
0-6 g. of platinum is dissolved per ampere-hour. 
After removing the excess of barium by means of 
carbon dioxide, the solution is concentrated to 
crystallisation (Brochet and Petit, Bull. Soo. 
chim. 1904, [iii], 31, 630). The salt crystallises in 
monoclinic prisms, which are yellow by trans¬ 
mitted, and violet-blue by reflected light. It 
dissolves in 33 parts of water at 16°C. By 
recrystallisation from a solution containing 
barium cyanide, it is obtained in small crystals 
which are highly fluorescent when exposed to 
X-rays, and are suitable for making fluorescent 
screens for X-ray work. 

IV. ALKALINE EARTH CYANIDES 

Technical Methods of Preparation.— 

1. From Carbides and Nitrogen. The direct 
absorption of nitrogen by the metallic carbides 
might be expected to yield cyanides, and a 
considerable amount of work has been done on 
the nitrogenation of carbides with the object of 
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cyanide production. The alkali metal carbides 
have not been closely investigated, but Frank 
and Caro (B.P. 15066 of 1895) noted that they 
absorbed nitrogen at a “ dark red heat ” to form 
cyanides. It is possible that the formation of 
cyanide from alkali carbonate, car))on and 
nitrogen {see under Alkali Metal Cyanides, 
p. 481) may proceed by the primary formation 
from carbonate and carbon of a carbide, which is 
subsequently nitrogenated to cyanide, as was 
first suggested by Hughes (Report of Juries, 
Exhib. of 1851, 1, 95). 

The absorption of nitrogen by the alkaline 
earth carbides has been extensively studied. 
Moissan (Compt. rend. 1894, 118, 50il, 684) 
could find no appreciable reaction between pure, 
dry nitrogen and the pure carbides, except that 
the product from barium carbide yielded traces 
of ammonia on boiling with water. In 1895 
Frank and Caro (R.P. 15066 of 1895) discovenid 
that the impure carbides absorb nitrogen, that 
the product in the case of barium carbide 
consists largely of the corresponding cyanide, 
but that the result with calcium carbide was 
“ unsatisfactory.” Similar results were inde¬ 
pendently obtained at the same time by Willson 
(B.P. 21997 of 1895), who suggested in the case 
of calcium that a more complicated nitrogen 
compound is formed. The fact that a large part 
of the combined nitrogen in nitrogenated calcium 
carbide (and a smaller part in the ease of barium 
carbide) is in the form of a cyanamido salt was 
discovered by F. Rothe, working under Frank’s 
direction (Frank and Caro, B.P, 25475 of 1898; 
Rothe, Z. angew'. Cliern. 1903, 16, 658). 

Frank and Caro's first attempts at the 
technical production of cyanides were naturally 
made with barium carbide, which was finely 
ground and heated with pure nitrogen to 700^C. 
A product containing about 11% of nitrogen w^as 
obtained, of which 30% was present as barium 
cyanide and the rest as barium cyanamido. In 
order to convert the cyanamide into cyanide, 
the material was heated with dry sodium 
carbonate and carbon, when the following 
reactions may have occurred : 

BaNCN-f NagCOs-'-BaCOa+NagNCN 

Na2NCN-FC-2NaCN 

Proposals to obtain marketable sodium cyanide 
from this product by extracting the sodium 
cyanide with water, converting it into ferro- 
cyanide, and then fusing it with sodium by the 
Erlenmeyer process already described (p. 478) 
failed on economic grounds (Erlwein, V. Intern. 
Kongress angew. Chem., Berlin, 1903, I, 646). 
Attention was therefore turned to calcium 
carbide, which absorbs nitrogen at about 
1,100°C., giving a product containing 20- 
23-5% nitrogen, which is wholly in the form 
of calcium cyanamide, and about 12% of 
carbon : 

CaCg-f Nj-CaNCN-fC 

(For details of the manufacture of calcium 
cyanamide, see Cai.cium, Vol. II, p. 219). 
When this product is heated with sodium 
chloride, the cyanamide is largely converted 
into cyanide (Erlwein, l.c. ; Erlwein and 
Frank, U.S.P. 708333 of 1902). Large-scale 


experiments were carried out up to 1914 in 
Germany with little success. Using 2-3 parts of 
salt and 1 part of cyanamido at a maximum 
temperature of 960°C., from 40 to 75% of the 
nitrogen was obtained in the form of cyanide 
(Landis, Chem. Met. Eng. 1920, 22, 266). 
The technical failure was probably duo to the 
short life of the furnace refractories, the use of 
unsuitable gas-heating, and the occurrence of 
frothing in the mass due to the liberation of 
nitrogen. 

The tetdmique of the process was considerably 
improved by Landis at a plant erected at Niagara 
by the American Cyanamid Co. Rationally 
designed furnacics were used with electrical 
heating, and the frothing referred to above was 
prevented by the addition of small quantities 
of carbide. I’he operating temperature was 
raised to 1,300''C. with marked improvement of 
the yields (Eastman, U.8.P. 1282395, 1918), 
and the importance of quickly cooling the fused 
reactif)!! imiss was realised from th(‘. observation 
fliat a reversion of cyanide to cyanamide 
occurs betwc'cn 490" and 790°C. (Freeman, 
U.S.P. 1282405, 1918). A mixture of 1 part of 
crude calcium cyanamide with 0-8 part of salt 
and 0-05-010 part of calcium carbide is fed into a 
single-phase electric furnace of the arc resistance 
typo with conducting hearth and a single 
suspended oloctrodo. The mixture fuses, and is 
run off almost, continually into a pan in wdiich an 
int-ernally w^ater-cooled drum rotates, taking up 
a thin layer of the fused materia l wLich sofidifies 
and is scraped off’ in thin flakes. The efficiency 
on nitrogen is approximately 90%, and the grey 
flakes or powder in wLieh the product is 
marketed have the follow ing analysis ; Ca (CN )2 
45-0%, NaCI 31-9%, CaCI^ L2%, SiO^ 0-9%, 
FCgOg and AlgOg 2 0%, CaCNg 1*8%, carbon 
2 -8o/o, CaCg 1*9%, CaO 11 -8%, CaS 04%. 

The mechanism of this cyanide-forming re¬ 
action was at first imperfectly understood. The 
effect of salt in accelerating the transformation of 
(syanamido into cyanide is illustrated by the 
data of W. S. Landis (U.S.P. 1359257,1920), who 
heated various mixtures of cyanamide and salt 
to a temperature above 1,300"C., and then 
cooled them rapidly to below 400°C., with the 
follow ing results: 



Original Mixture. 

Product. 

(■yanaTnide. 

Salt. CaCo 

%NaCN 

200 

180 5“ 

36-5 

200 

100 7 

45-0 

200 

45 9 

50-0 


Pascal and Bernheim (Compt. rend. 1931, 192, 
1425) also found that the yield of cyanide at a 
given temperature increases with increase in the 
proportion of salt, though not markedly above a 
molar ratio NaCI/CaCNg of 2. The optimum 
proportion of charcoal was 0-2 parts to 1 of 
cyanamido, which corresponds closely with that 
actually present in technical crude cyanamide. 
These results might be explained by writing the 
fusion reaction as 

CaNCN-fC~h2NaCI-CaCl2-f2NaCN, 

and Ferret and Perrot (Compt. rend. 1933, 197, 
764), who studied the reverse of the above 
reaction, suggest that in the crude cyanide 
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obtained by the Landis process the cyanide is 
combined with sodium rather than with 
calcium. According to Freeman (Can. P. 229767, 
1923), however, the salt/cyanamide ratio in the 
initial mixture is without influence on the 
equihbrium yield of cyanide produced in the 
fusion, and the use of only half the quantity 
of salt required by the above equation is actually 
recommended. 

Landis (U.S.P. 1359257, 1920) had already 
shown that cyanide formation does occur in 
the absence of salt, and Franck and Neubner 
(Z. Elektrochem. 1934, 40, 693) investigated in 
detail the unassisted reaction between barium 
cyanamide and (;arbon, finding increasing 
cyanide production as the temperature was 
raised. In the case of calcium cyanamide the 
relationships are more compli('.ated, and the 
presence of a flux, preferably a cahdnm salt 
such as the chloride or fluoride, is of great 
advantage. It appears rcasrinable to assume, 
with Franck and Burg {ibid. 1934, 40, 686 ), 
that the reaction occurring during the fusion is 

CaNCN-f C^Ca(CN)2-38 5 kg.-cal., 

an endothermic reaction which goes further to 
the right at higher temperatures {see also 
Franck and Lank, ibid. 1934, 40, 699). In 
addition, the slightly endothermic double 
decomposition, 

Ca(CN)2+2NaCM 

2NaCN + CaCl2-3-9 kg.-cal., 

of which the equilibrium will be little affected by 
temperature cliange, may pro(;eed to a small 
extent. On this view, the crude cyanide 
obtained from technicuil cyanamide by fusion 
with salt consists essentially of a mixture of 
calcium cyanide and sodium chloride, a con¬ 
clusion confirmed by an X-ray analysis of the 
prodiKit (larrit^d out by Bredig {see Franck el al.^ 
iSarnml. chem. chem.-techn. Vortriige N.F. 
No. 6, 1931). The conclusion is also in agree¬ 
ment with the general properties of the product, 
such as its non-hygroscopic character (indicating 
the absence of calcium chloride) and the rate of 
its hydrolysis by atmospheric moisture to give 
hydrocyanic acid. 

Crude cahuum cyanide is used in gold-mining 
and in fumigation, but cannot be used in the case 
hardening of iron and steel. It is at a general 
disadvantage compared with high-grade fused 
sodium cyanide on account of its relatively low 
cyanide strength, and efforts have been made 
both to convert it into a high-grade product and 
to modify the synthesis reaction so as to produce 
a high-grade product directly. Although the 
desired products are in most cases sodium 
cyanide, the processes are dealt with at this 
point, and not under Alkali Metal Cyanides, 
because of their basic derivation from the Landis 
process. 

In U.S.P. 1734562, 1929, Cooper proposed to 
recover sodium cyanide from the crude calcium 
cyanide by mixing it with sodium carbonate and 
dissolving the mixture in water to give a solution 
of sodium cyanide and sodium chloride, which 
was concentrated to a strength of 20% NaCN, 
and then cooled to — 15°C. to crystallise the 
dihydrate NaCN,2H20. This was dried by 


centrifuging, and converted by heating into the 
anhydrous salt, analysing 80-90% NaCN. 
This process has not been brought into com¬ 
mercial operation. 

An interesting variation of the Landis process 
is provided by E. J. Pranke, who proposes 
(U.S.P. 2004130,1935) to fuse calcium cyanamide 
with powdered sodium cyanide at 1,350-1,400^0. 
in an electric furnace ; as in the Landis process, 
the reaction CaNCN-| C^^Ca(CN)a occurs, 
but in the presence of sodium cyanide a stable 
double salt Na 2 Ca(CN )4 is formed, whi(5h is 
preserved by rapid cooling. The product as it 
stands has a cyanide stj'cngth equivalent to 
80% NaCN aiul if desired can bo converted 
into pure sodium cyanide by treating with 
liquid ammonia. Sodium (cyanide is dissolved 
out, and can be rectovered by evaporation of the 
solvent (U.S.P. 1947570, 1934), and calcium 
cyanide is left, and can be converted into the 
sodium salt by a method similar to that described 
in the preceding paragraph {see also B.P. 411177, 
1932). In several other patents {e.g. Canad.P 
319011, 1932), Pranke claims the production of 
the double salt from calcium carbide, sodium 
cldoride, and nitrogen, a procedure which 
constitutes a combination of the cyanamide 
synthesis and the Landis cyanide fusion reaction 
in one step, giving a direct nitrogenation of 
carbide to cyanide. The direct nitrogenation of 
calcium carbide to cyanide at 1,2I(P(^, with 4% 
of calcium fluoride as a flux, has been reported 
by Franck (Samml. chem. chem.-techn. Vortrkge 
N.K. No. 6, 158), who obtained an 85% yield 
of cyanide {see also G.P. 588943, 1928). 

The use of sodium ( arbonate as a flux instead 
of sodium ddorido is stated by Wohler, Krall and 
Dornhofer (Angew. Cljeni. 1931, 47, 733) to lead 
to the conversion of commercial <‘alcium 
(cyanamide into sodium cyanide, the reaction 
being: 

CaNCNq C } NagCOa-CaCOgl 2NaCN 

Whether scjdium cyanide is formed during the 
fusion may bo unc^ertain, but it is obvious that 
when the product is extracted with winter, 
sodium cyanide solution will be obtained and 
calcium carbonate left behind. According to 
B.P. 437614, 1934, fusion of th(‘ mass is not 
necessary, as the reaction jiroceeds under 
suitable conditions at 600—1,1 (MFC., and the 
grcanular product is then more expeditiously 
leached with water. 

Considerable technical advantages are claimed 
by D, Hatt (Chim. et Ind. 1932, 28, 777) for a 
modification of the Landis process which has 
been investigated semi-technically in France by 
the Usines de Produits chimiques de Thann. 
The new process consists in the treatment of 
calcium cyanamide with a mixture of two 
substances wdiich react strongly exothermically 
to give nascent carbon, e.g. calcium carbide and 
sodium carbonate (G.P. 480905). The juoduction 
of carbon is said to proceed as follow s : 

N 32C03~I~ 2C&C2“ N 2CctO5C 

and the whole reaction thus: 

CaNCN + 2 CaC 2 +Na 2 C 03 

-:2NaCN-i-3CaO-f4C 
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The reaction is exothermic, and starts at 460- 
600°C., after which the temperature rises 
spontaneously to 920°C. within 9 minutes. The 
crude product contains 20-22% NaCN, and 
sodium cyanide of 99% purity can readily be 
produced from it by extraction with liquid 
ammonia. The crude product of this process 
is remarkable in that its cyanide content is 
easily and quantitatively hydrolysed by steam 
at atmospheric pressure into sodium formate 
and ammonia. 

So far as is known, none of these modifications 
to the Landis process has been developed com¬ 
mercially. 

2. From Carbonates and Nitrogen .—It is 
evident, from the descriptions already given of 
methods of fixing nitrogen in the form of alkali 
and alkaline earth cyanides, that compounds of 
the alkaline earth metals are more suitable than 
those of the alkali metals for fixing atmospheric 
nitrogen and that, of the alkaline earth 
metals, the compounds of barium most readily 
form cyanides under the conditions necessary 
for nitrogen absorption. Margueritte and 
A. L. de Sourdoval (B.P. 1171 of 1860; Compt. 
rend. 1860, 60, 1100) discovered that a mixture 
of barium oxide and carbon readily absorbs 
nitrogen on heating, and gives barium cyanide. 
Ludwig Mond (B.P. 433 of 1882 ; J.S.C.I. 
1889, 8, 505) also worked on this process, using 
a mixture of barium carbonate and excess of 
carbon briquetted with pitch : cyanide forma¬ 
tion was appreciable at 1,200°C., and proceeded 
most readily at 1,400°C. The apparatus used 
was similar to that of Possoz and Boissidre in 
their analogous process with sodium carbonate | 
{see under Alkali ISletal Cyanides, p. 481), and 
40% of the barium was cyanised. In each of 
the above cases the object of the experiments was 
the production of ammonia. 

As in the technical practice of the Bucher and 
Landis processes, therefore, internal electrical 
heating is very suitable. Keadman developed 
such a process (B.P. 6621 of 1894), which was 
worked by the Scottish Cyanides Co. between 
1899 and 1907. Barium carbonate from a later 
stage was mixed to a thick paste with ground 
coal, dried and coked in ordinary gas retorts. 
The granular mixture of barium oxide and coke 
so produced passed to a cylindrical electric 
furnace, the lower part of the wall forming one 
electrode and a central carbon rod suspended in 
the upper part of the furnace forming the other. 
The solid mass was heated in passing downwards 
between the electrodes, and a current of producer 
gas containing 70% of nitrogen was passed 
upwards through the mass. The cooled product 
was lixiviated with water, and the solution of 
barium cyanide,cyanamide and hydroxide treated 
with sodium bicarbonate. After filtering off the 
barium carbonate precipitate for return to the 
process, the sodium cyanide solution was 
concentrated in vacuo, cooled to deposit crystals 
of NaCN, 2 H 20 which were centrifuged and 
dehydrated by heating. The Badische Anilin und 
Soda Fabrik also developed this process (G.P. 
190955, 1906), obtaining a fusion product 
containing 60% of its fixed nitrogen as barium 
cyanide and 40% as cyanamide. This was 
treated with acetylene at 600-800°C., when the 


cyanamide was transformed into cyanide. An 
account of more recent work on the process in 
Sweden is given by Stftlhane and Liander 
(Ing. Vetenskaps Akad. Handl. No. 112, 1931, 
5-60). 

A considerable amount of work on the 
chemistry of this method of nitrogen fixation 
as cyanide has boon done at lower temperatures. 
Bertelsmann (Technologic der Cyanverbind- 
ungen, 1906, 83) has ascribed the ease of nitro- 
genation of barium compounds to their infusi¬ 
bility, so that they remain solid and present a 
largo surface to the action of nitrogen under 
the cyanising conditions. But although undo- 
composed barium carbonate does not melt at 
1,350°C. (Finkelstein, Ber. 1906, 39, 1685), its 
mixtures with barium oxide, v^hich are always 
formed at the high temperatures in question, are 
readily fusible. The formation of barium 
cyanide (m.p. about 600°C.) still further increases 
the fusibility of the reaction mixture, which must 
therefore in this process be a liquid phase of 
variable composition. 

Kiihling and Berkhold (Ber. 1908, 41, 28) 
obtained 40% nitrogenation of the barium in a 
mixture of barium carbonate and carbon at 
1,160°C., the reaction diminishing as the 
temperature was lowered and being extinguished 
at about 925°(h Ew^an and Napier (J.S.C.I. 
1913, 82, 467) show^ed that nitrogen absorption 
which, as stated by Mond {l,c.) depends on the 
two reversible reactions, 


BaO-f SC+Nj Ba(CN )24 CO-431kg.-cal. 

is therefore hindered by the accumulation of 
carbon monoxide, and favoured by the use of 
a large excess of nitrogen. In 2 hours at 960° C. 
they obtained 40% nitrogenation of the barium 
when using a 28-fold excess of nitrogen. The 
pressure of carbon monoxide in equilibrium with 
pure barium carbonate and carbon is large 
enough to prevent the second reaction from 
proceeding to the right, but as the barium 
carbonate is diluted with barium oxide the 
equilibrium pressure falls to very low values. 
It is therefore concluded that the greater part 
of the barium carbonate decomposes before any 
cyanide is formed. Ewan and Napier obtained 
the same equilibrium product, at a given tem¬ 
perature and gas composition, from starting mix¬ 
tures of BaCOg+BaO+C and of Ba(CN) 2 + 
BaCNg-f C. Their results at temperatures of 
1 ,000°, 1,100°, and 1,150°C. with various 

mixtures of nitrogen and carbon monoxide 
appeared to indicate by extrapolation that the 
maximum quantity of barium which could 
combine with pure nitrogen was 50% at all the 
temperatures, but they obtained a product 
corresponding to 57-]% nitrogenation by heating 
for 82 hours at 1,100°C. with nitrbgen containing 
only 0-1% carbon monoxide. 

A further equilibrium which must be taken 
into account is the decomposition of cyanide into 
cyanamide and carbon; 


Ba(CN )2 ^ BaNCN + C 

This decomposition begins at about 600°C., 
and the equilibrium ratios of cyanide/cyanamide 
at temperatures from 600° to 900°C. have been 
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measured by Franck and Neubner (Z. Elektro- 
chem. 1934, 40, 693), who find that only 3% 
decomposition of cyanide occurs at 900°C. 
According to Ewan and Napier, the presence of 
barium oxide in the melt has a disturbing 
effect on the equilibrium, so that the relative 
amounts of cyanide and cyanamide produced by 
the action of nitrogen on mixtures of barium 
oxide and carbon are very erratic. They do not 
consider that barium carbide can be an inter¬ 
mediate product, since the pressure of carbon 
monoxide present is always greater than the 
equilibrium partial pressure which they deter¬ 
mined for the reaction 

BaO+3C ^ BaCa+CO. 

Hempel (Ber. 1890, 23, 3388) and St&hler 
(Ber. 1916, 49, 2292) found that the formation 
of cyanide was greatly favoured by working 
under a nitrogen pressure of 60 atmospheres. 
Stabler obtaining a product containing 74% 
of barium cyanide with no cyanamide. Caro 
(Z. angew. Chem. 1910, 23, 2405) studied the 
effect of adding calcium and barium fluorides 
to the melt at 1,100°C. and 1,200°C. In no 
case was the barium nitrogenated to a greater 
proportion than 60%. 

At higher temperatures it appears that as 
much as 80% or more of the barium can be 
nitrogenated (Badischo Anilin und Soda Fabrik, 
B.P. 2133 of 1907, 22039 of 1906; Kaiser, 
F.P. 464237, 1912 ; 454238, 1913). Ewan and 
Napier suggest that, at temperatures above 
1,200°C. barium carbide may be an intermediate 
product, since by applying Nemst’s theorem to 
their measurement of the carbide-forming re¬ 
action mentioned above, they were able to cal¬ 
culate that the equilibrium pressure of carbon 
monoxide at 1,500°C. is 100 mm., and at 1,700°C. 
is 1,026 mm. These figures suggest that the car¬ 
bide could exist under the experimental condi¬ 
tions obtaining at these temperatures. In this 
connection it may be noted that Franck and 
Neubner (Z. Elektrochem. 1934, 40, 693) noticed 
the formation of carbide, as well as cyanamide, 
on heating barium cyanide above 900°C. 

3, From Hydrocyanic Acid ,—It is difficult to 
prepare pure anhydrous barium cyanide from the 
aqueous solution which is obtained by neutralis¬ 
ing baryta with hydrocyanic acid, owing to 
the ready hydrolysis of the salt. In the case 
of calcium cyanide, which is a technically 
valuable compound, the pure anhydrous salt 
can under no condition be prepared from aqueous 
solutions, the hydrolysis being assisted by the 
formation of the relatively insoluble calcium 
hydroxide. An impure technical anhydrous 
calcium cyanide may be made, however, by the 
interaction of calcium oxide and hydrocyanic 
acid, both in the anhydrous state. The Deuts. 
Gold-u.-Silber-Scheideanstalt describes, in G.P. 
556223, 1929, the preparation of a powdered 
product containing more than 40% Ca(CN )2 
by treating powdered calcium oxide with boiling 
anhydrous HCN. The presence of l-'3% (by 
weight of the HCN) of an accelerator such as 
ammonia or water is recommended in order to 
minimise the loss of HCN by polymerisation. 
The reaction may also be effect^ in an inert 
medium such as diethyl ether, in which calcium 


cyanide is insoluble. Similar proposals have been 
made by the Roessler and Hasslacher Co, 
(U.S.P. 1909042, 1933; 1950879, 1934). 

Franck and Freitag (Z. angew, Chem. 1926, 
39, 1430) describe a method of making calcium 
cyanide of 99% purity by the action of hydro¬ 
cyanic acid on a solution of calcium in liquid 
ammonia, when hydrogen is evolved and a 
precipitate of the diammoniate, 

Ca(CN)2,2NH3, 

is produced. The same compound may also be 
obtained by the action of HCN on a solution of 
calcium nitrate in liquid ammonia. It is 
stable in vacuo at lOO^C., but begins to lose 
ammonia at 150-160°C., and is completely free 
from it after 2 hours at 180°C. Similar data are 
given by Poindexter in LJ.S.P. 1696120, 1926; 
1652874, 1927. A manufacturing process 

on these lines has been developed by the I.G. 
Farbenindustrie A.-G., and is described in B.P. 
300349, 1927. A calcium compound such as 
the oxide or nitrate reacts with hydrocyanic 
acid and ammonia in the presence of water to 
give smaU crystals of the diammoniate, which 
are dried by washing with an organic liquid 
taking up water and are then decomposed by 
heating to give a product of the following 
analysis: Ca(CN )2 85-88%, Ca(OH )2 8 - 11 %, 
CaCOg 1-0%, NHg 0'5%, which is used in 
fumigation. 

Another method of manufacture of calcium 
cyanide is described in Metzger’s B.P. 261722, 
1925, and in Ind. Eng. Chem. 1926, 18, 161. 
Liquid hydrocyanic acid reacts with calcium 
carbide according to the equation 

CaC24-2HCN-Ca(CN)2+C2H2. 

The reaction is carried out by stirring powdered 
carbide with excess of the liquid to complete 
the reaction, distilling off’ the excess and leaving 
a finely divided buff powder of the approximate 
composition Ca(CN) 2 , 2 HCN, from which 
the hydrocyanic acid may be easily removed by 
heating in vacuo. According to Franck and 
Freitag {l.c.), the product from commercial car¬ 
bide contains not more than 56% Ca (CN )2 with 
25% HCN, and after removing the hydrocyanic 
acid leaves impure calcium cyanide containing 
26-30% CN. 

Properties of the Alkaline Earth Cyan¬ 
ides. — Barium cyanide. Crystals of the 
dihydrate, Ba(CN) 2 , 2 H 20 , may be prepared 
by adding hydrocyanic acid to baryta in 
theoretical quantities, and evaporating the con¬ 
centrated solution in vacuo (Joannis, Ann. chim 
phys. 1882, [ 6 ], 26, 484). The evaporation may 
be avoided by drying pure Ba( 0 H) 2 , 8 H 20 , 
in vacua at 100®C., and suspending the finely 
divided powder of anhydrous barium hydroxide 
in dry light petroleum to be treated with a 
small excess of dry hydrocyanic acid also mixed 
with light petroleum; the dihydrate then 
crystallises directly: 

Ba(OH)2+2HCN«Ba(CN)2,2HaO 

The dihydrate is very deliquescent, but may be 
convert^ into the amorphous monohydrate by 
drying in vacuo over sidphuric acid, and the 
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monohydrate in turn may be completely 
dehydrated by gradual heating to 100°C. in 
vacuo. Although barium cyanide ia much more 
stable than the other alkaline earth cyanidea, 
it is difficult to avoid some hydrolysis during the 
above dehydration, so that the product often 
contains some barium hydroxide, which can, 
however, be removed by shaking the solid with 
a small quantity of hydrocyanic acid and 
petroleum and redrying, giving a jiractically 
pure product. If methanol is used instead of 
petroleum in the above preparation, a com¬ 
pound, Ba(CN)(OCH3)-f CH3OH is ob¬ 
tained, which on heating loses first methanol 
and then dimethyl ether, leaving 

BaO+Ba(CN )2 

(Drechsel, J. ])r. (hem. 1880, [iij, 21, 77). 

Dry methods of preparation always yield 
mixtures of cyanide and eyanamide; for 
instance, by heating barium ferrocyanido above 
500'C. or by the action of nit rogen on barium 
carbide the same product, containing about 
60% of its nitrogen as (^yanumide, is obtairnal. 
This is due to the equilibrium 

Ba{CN )2 BaNCN { C, 

which has been studied, as already mentioned, 
by Ewan and Napier (J.S.C.I. 1913, 32, 467) 
and by Franck and Neubner (Z. Elektrochem. 
1934, 40, 693). 

Barium cyanide is a colourless solid, melting 
at 600°C. approximately, at which temperature 
it is api)rociably volatile. It is soluble in water 
to the extent of 80 g. per 100 g. of w'ater at 
14°C., and much less soluble in alcohol. 

Calcium cyanide cannot be prepared in the 
wet way. An aqueous solution of lime in 
hydrocyanic acud decomposes almost completely 
on boiling, and on evaporation in vacuo gives a 
crystalline compound, 3CaO-Ca(CN)2,lSHgO 
(Joannis), which decomposes completely in a 
vacuum, leaving only lime. Dry reactions at 
high temperatures, on the other hand, yield only 
calcium eyanamide, for in the case of the cahaum 
compounds the cyanide-eyanamide equilibrium 
is more in favour of the eyanamide. 

Finely powdered calcium cyanide is rapidly 
hydrolysed by atmospheric moisture, with 
almost quantitative evolution of hydrocyanic 
acid: 

Ca(CN)2+2H20=-Ca(0H)2+2HCN 

On account of this property it finds use as a 
fumigant, which is aj)plied to the space to be 
fumigated by blowdng the fine powder as a 
cloud with air from a hand-operated fan. The 
hydrolytic decomposition is completed in a few 
minutes. 

Magnesium cyanide has not been prepared, 
but is known in the form of a diammoniate 
corresponding to the calcium compound. This 
compound was first obtained by Bergstrom 
(J. Amer. Chem. Soc. 1924, 46, 1565) by 
treating a solution of mercuric cyanide in liquid 
ammonia with magnesium. Olborg obtained it 
by treating a saturated acpioous solution of 
magnesium nitrate or chloride (1 mol.) with 
4-6 mols. of ammonia, and then with a large 


excess of liquid hydrocyanic acid (U.S.P. 
1609038, 1926). The compound, which is 

readily soluble in water but not in hydrocyanic 
acid, is precipitated and washed with hydro¬ 
cyanic acid and dried in vacuo at 40°(1 for at 
least 30 minutes. B.P. 314242, 1928, recom¬ 
mends the use of ethanol instead of water in the 
preparation, since the compound is practically 
insoluble in this solvent and the use of a largo 
excess of hydrocyanic acid is therefore avoided. 

Mg(CN)2-2NH3 is more stable than the 
corresponding calcium (compound, the ammonia 
being renu)ved only by prolonged heating in 
vacuo above 250'’C. 

V. HYDROCYANIC ACID. 

Technical Methods of Preparation.— 
1. From Ferrocyanides .—Ferrocyanides give 
hydrocyanic acid on treating wuth dilute 
sulphuric acid (Gattermann, Annalon, 1907, 357, 
318). Only one-half of the cyanide is thus 
recovered as HCN, however, oving to the 
formation of the relatively inse)luble FAeritt’s 
salt: 

2K4Fe(CN)3+3H2S04 

-^6HCN f K2Fe2{CN)o+3K2S04 

Everitt's salt can be incompletely reconverted 
into soluble ferroeyanide by boiling with 
caustic soda (Erlenmeyer), the complete (con¬ 
version requiring the assistance of simultaneous 
oxidation with air, when Fe 304 or ferric 
hydroxide is prectipitated instt'^ad of ferrous 
hydroxide (Grossmann, B.P. 36, r/. 4513, both 
of 1903). Dowrance and Williams (B.P. 28074 of 
1908) obtain complete decomposition of alkali 
ferrocyanides by distilling them with acid in the 
presence of a small amount of cuprous chloride ; 
the action is supposed to bo due to the inter¬ 
mediate formation of cuprous ferrocyanido 
having the property, exceptional among ferro¬ 
cyanides, of yielding the whole of its cyanogen 
as hydrocyanic acid on decjomposition with 
boiling dilute sulphuric acid. The decomposition 
of complex iron cyanides with steam in the 
absence of acids is mentioned in F.P. 721762, 
1931; rapid removal of the hydrocyanic acid 
from the reaction zone is necessary in order to 
avoid secondary decompositions. 

2. From Thiocyanates .—The reduction of alkali 
thiocyanates with hydrogen, when a part of 
the cyanide produced appears as hydrocyanic 
acid, has already been mentioned. With barium 
and cuprous thiocyanates (Conroy, Heslop and 
Shores, J.S.C.I. 1901, 20, 320) the principal 
nitrogenous product is hydrocyanic acicl, and in 
the case of the cuprous salt, the reaction 
begins below 300°C. Rossiter, Crowther and 
Albright (B.P. 4403 and 6226 (5f 1901) mixed 
cuprous thiocyanate with finely divided copper 
and heated the mixture with hydrogen at 
temperatures rising from 160° to 650°C. Hydro¬ 
cyanic acid was evolved and cuprous sulphide 
formed. 

The most important method of converting 
thiocyanates into hydrocyanic acid is Rasohen’s 
nitric acid oxidation process (B.P. 10476, 10960, 
and 21678 of 1895; 19767 of 1898; 12180 of 
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1900), which has been operated on a com¬ 
mercial scale (Conroy, J.S.C.I. 1899, 18, 432). A 
16% sodium thiocyanate solution was allowed 
to flow into dilute nitric acid kept at the boiling- 
point by means of live steam: 

NaCNS+2HN08-HCN-f NaHS 04 + 2 N 0 

A slight excess of nitric acid was used in order 
to obtain a quantitative decomijosition. The 
gases leaving the decomposer were scrubbed 
with a limited amount of water to remove 
traces of NgOg, tlie wash water being returned 
to the decomposer. The 33% of HCN in the 
resulting gas was actually removed by absorption 
in caustic soda solution of sp.gr. 1-37, avoiding 
the presence of an excess of hydrocyanic acid 
owing to its tendency to form polymerisation 
products in the presence of cyanide, and the 
cyanide solution evaporated to dryness in 
vacuo. A 96-99% yield of HCN is claimed. 
The nitric oxide remaining was mixed with air 
and the mixed gas scrubbed in flint-packed 
towers with water, giving a nitric acid solution 
of sp.gr. 1-12 which was returned to the system. 
Two more recent patents of the Gcsellschaft fiir 
Kohlentechnik (B.P. 356190 and 356724, 1929) 
describe a similar process starting from 
ammonium thiocyanate, a readily available by¬ 
product from gas works. 

3. By the “ Bchlempe ” Process .—The juice of 
the sugar beet contains both inorganic and 
organic substances other than sugar, and these 
substances accumulate in the molasses. In 
Germany, the greater part of the molasses 
produced is treated with strontia, wdiich 
combines wdth the sugar to form an insoluble 
sucrate. The liquid residue from this pre¬ 
cipitate, which contains the impurities of the 
original juice in concentrated form, is known as 
“ achlempe,” and is concentrated to a sp.gr. of 
1*4. It then contains 75% of dry substances, 
of which 30% are inorganic (mainly potassium) 
salts and the rest organic substances. It 
contains about 4% of nitrogen in the form of 
betaSne, 

CH.—CO 

I \o 

NfCH,),/ 

and decomposition products of the vegetable 
proteins. A small part of the molasses which is 
not treated by the strontia process is fermented 
to alcohol, and the residue from this fermenta¬ 
tion is known in France as “ vinasses.” When 
“ vinasses ” are distilled at 700-80(FC. in 
horizontal iron retorts, vapours containing 
ammonia, the three methylamines, various 
higher alkylamines, methanol and combustible 
gases are evolved, and a solid mixture of 
potassium carbonate and carbon remains 
behind (Duvillier and Buisine, Ann. chim. phys. 
1881, [6], 23, 289; Ost, Z. angew. Chem. 
1906, 19, 609). Vincent worked this distillation 
process in 1877-1880 for the preparation of 
methylamines, and in 1879 Ortlieb and Muller 
developed a process for converting the methyl¬ 
amines into hydrocyanic acid, ammonia, 
methane and hydrogen by passing their vapours 
through a red-hot retort. This process was 
operated by the Soci^te Anonyme de Croix 


(B.P. 3844 of 1879), the ammonia being absorbed 
in sulphuric aci(l and the hydrocyanic acid 
converted into ferrocyariide ))y treatment with 
a suspension of ferrous hydroxide in caustic 
potash. The manufacture of methylamines 
was abandoned in 1881 for want of a market, 
and with it the subsidiary production of 
cyanides. 

The production of hydrocyanic acid from 
“ schlempe ” was put on to an economic basis 
by Bueb (.see Reichardt and Bucb, B.P. 7171 of 
1895; Bueb, B.P. 26259 of 1898), w ho cut out 
the intermediate separation of the methylamines 
and passed the “ schlempe ” distillation products 
directly to the cyanising furnace. Buob’s 
process (Muhlert, Chem. App. 1925, 12, 156) is 
worked at the present time as follows: the liquid 
“schlempe ” is run into a horizontal retort of the 
gas wnrks type made of highly aluminous fire¬ 
clay and heated by the residual gas formed in the 
process. The pasty carbonaceous residue has to 
be scraped out of the retort by hand, and is 
then lixiviated to recover potassium carbonate. 
The gases, after condensation of tar in a 
hydraulic main, pass directly to the cyanising 
chambers, which are tilled with fire-brick 
checker-work. During the cyanising, which is 
carried out at above 1 ,<)0(CC., carbon is deposited 
on the brickwork and the temperature falls; 
reheating is carried out by direct firing with 
producer gas, when the (;.qrl>on deposit is burnt 
off. Tw’o such chambers are therefore used 
alternately’, one being reheated w liilst the gases 
arc being cyanised in the otluu*. The cyanised 
gas contains 7% HCN, 7% NHg, 8^o hydro¬ 
carbons (mainly methane), 12% Ho, 18% CO, 
24% CO2, and 24^)(^ Ng. It is cooled and 
scrubbed wdth hot dilute sulphuric acid to 
remove ammonia. 'I’lie hydrocyanic acid is 
then removed by water scrubbing in a 24-plate 
bubble cap column, a 2-3% aqueous HCN 
solution being obtained. 'Uhis is distilled 
through a fractionating column having 11 plates. 
The hydrocy'^anic acid loaves the top of this 
column as a concentrated gas. 

In the early days of the process, the hydro¬ 
cyanic acid was worked up into ferrocyanide 
by the wot process for HCN -recovery from coal 
gas {see Fcrrocyanides, p. 468). At the 
present time, how^ever, it is converted into 
relatively’ pure briquetted sodium cyanide by 
the method described under Alkali Metal 
Cy’anides, p. 481. Of the nitrogen in the 
“schlempe,” about 45% is recovered as sodium 
cyanide, 20% as ammonium sulphate, and 35% 
is lost as elementary’ nitrogen. 

The decomposition of monomethylamine at a 
red heat into hydrocyanic acid, ammonia, 
methane and hydrogen was noted by Wurtz 
(Ann. chim. phys. 1850, [iii], 30, 443), who 
established the following equation: 

3CH3NH2-2HCN-f NHg+CHi-bSHa 

The behaviour of di- and tri-methylamines under 
similar conditions, when passed through heated 
porcelain tubes containing broken porcelain, 
firebrick or charcoal, has been studied by 
Voerkelius (Dissertation, Hannover, 1909). The 
formation of hydrocyanic acid from dimethyl- 
amine begins at 600°C., and between 800® and 
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1,100^0. quantitative decomposition according 
to the equation 

NH(CH3)j=HCN-f-CH44 Hj 

occurs. Increasing dilution of the dimethyl- 
amine vapoiu* with hydrogen leads to the 
production of ammonia by the reaction 

NH(CH3)24-2H2=NH3-f2CH4. 

With a gas containing 60% hydrogen hardly 
any ammonia is formed, but with 97% hydrogen 
no hydrocyanic acid is produced. Similar 
results were obtained with trimethylamine, 
which at temperatures between 800° and 1,000°C. 
decomposes to the extent of 98% according to 
the equation 

N(CH3)3=HCN + 2CH4. 
and 2% according to 

N(CH8)3-f3H2=NH343CH4. 

Within the above temperature range, the 
results are not much affected by changes 
in the time of contact or the amount of heated 
surface exposed to the gas. But at higher 
temperatures, or in the presence of iron or 
refractory materials at longer times of contact, 
considerable decomposition of the hydrocyanic 
acid into its elements occurs. At 600°C. no 
decomposition of the trimethylamine occurred to 
give hydrocyanic acid, and at 720°C. the yield 
was only 78%. 

The Deuts. Gold-u.-Silber-Scheideanstalt vorm. 
Roessler (F.P. 447725, 1911, and 448722, 1912) 
claim that, by passing the “ schlempe ’* gases at 
high velocity through heated passages made of 
fused quartz or of Dinas brick without filling 
material (thus having the smallest possible con¬ 
tact surface), the whole of the nitrogen is 
obtained as ammonia or hydrocyanic acid. 
According to G.P. 420729, 1924, the salts of 
trimethylamine, betaine and hexamethylene¬ 
tetramine (especially the hydrochlorides) give 
hydrocyanic acid on heating in greater yield 
than is obtained from the free bases, betaine 
hydrochloride giving 70-80% of the theoretical 
quantity of HCN as compared with 50-60% 
obtainable from betaine itself. 

4. From Ammonia and Carbon Monoxide ,— i 
The production of hydrocyanic acid from carbon 
monoxide and ammonia by heating them in the 
presence of spongy platinum was first noticed by 
Kuhlmann (Annalen, 1841, 88, 62). Jackson 
and Laurie (J.C.S. 1905, 87, 433), working with 
the dry gases, were unable to confirm this 
observation, their only products on sparking, 
treating by the silent electric discharge, or in the 
presence of a heated platinum wire being 
ammonium cyanate and hydrogen; 

C04-2NH3-:NH4CN0+Ha 

Mailho and do Godon (Bull. Soc. chim. 1920, [iv], 
27, 737) found that alumina catalysed the 
production of hydrocyanic acid at 400-420°C., 
a rapid reaction occurring at 660°C. : 

CO-f NHa-HCN+HgO 

Many catalysts have since been proposed in the 
patent literature, the most important being 


thoria and alumina (Badische Anilin und Soda 
Fabrik, B.P. 220771, 224438, 1923; I.G. Far- 
benind. A.-G., B.P. 300369 ; Deuts. Gold-u.- 
Silber-Scheideanstalt vorm. Roessler, B.P. 
207830, 223918, 1922; Bredig and Elod, B.P. 
229774, 229973, 1923; G.P. 622532; U.S.P. 
1698707, 1926 ; 1634735, 1927 ; Frank and Caro, 
B.P. 282379, 1926 ; 301093, 1927 ; G.P. 

611726). 

Further information on the catalytic reaction 
is given in the technical literature by Bredig and 
Elod (Z. Elektrochem. 1930, 36, 1003; 1931, 
37, 2), who worked with alumina, coria and 
thoria at 500°, 600°, and 700°C. and at reaction 
times of 1-12 seconds. With a gas containing 
20 volumes of carbon monoxide and 1 of 
ammonia, a contact time of 1 second at 700°C. 
with alumina gave a 65% yield of hydrocyanic 
acid from the ammonia, and 14% of the 
ammonia was lost by decomposition; with a 
volume ratio of 10CO : 1 N Hg under the same 
conditions, the HCN yield was 48%. Fuchs 
and Verbeek (Ind. Eng. Chem. 1935, 27, 410) 
describe the production of an active alumina 
catalyst, probably in the form of a gel, by 
precipitation of aluminium hydroxide from 
aluminium salt solutions and drying the pre¬ 
cipitate under controlled conditions. With this 
catalyst at 590°C., a gas mixture of initial 
composition 9CO : 1 N Hg gave a 54% conversion 
of ammonia into hydrocyanic acid with a contact 
time of 1 second. 

Yields of this magnitude are surprising in 
view of the ease with w’hich the reverse reaction, 
the hydrolysis of hydrocyanic acid to ammonia 
and carbon monoxide, can be carried to com¬ 
pletion by heating with steam and a catalyst 
such as broken brick, iron oxide or manganese 
dioxide (see Carpenter and Linder, J.S.C.I. 
1905, 24, 63). The exjdanation is probably to be 
found in the reduction of the partial pressure of 
steam by the operation of the water gas 
equilibrium, 

CO+HgO^COg-fHg, 
for which the equilibrium constant 

[C 0 ][H 30 J/[C 03 l[H 3 ] 

at 600°C. is 0*35. Bredig and Elod (Z. Elektro¬ 
chem. 1930, 36, 1003) find that the use of an 
S excess of carbon monoxide produces a greater 
increase in the HCN yield than a corresponding 
excess of ammonia, which is in harmony with 
the above explanation. The reaction mechanism 
when ceria is used as the catalyst is discussed in 
Z. Elektrochem. 1931, 37, 2. 

The separation of the hydrocyanic acid from 
the reaction mixtures offers difficulties, since 
unchanged ammonia and carbon dioxide are 
present in the gas. Many of the methods 
described under Alkali Metal Cyanides, p. 480, 
are applicable, and in addition it has been 
proposed (1) to freeze out ammonium cyanide 
(G.P. 444604, 1922), (2) to treat the ammonia 
and carbon dioxide with calcium sulphate and 
water 

CaS 04 + 2 N Hg+COg-f HgO 

-CaC 03 +(NH 4 ),S 04 
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as in a technical method for the manufacture 
of ammonium sulphate (U.S.P. 1606767), and 
(3) to absorb the hydrocyanic acid in active 
charcoal or silica gel. An interesting adaptation 
of the reaction to the direct production of fused 
sodium cyanide has been proposed in B.P. 
301565, 1927, and in U.S.P. 1955229, 1934; 
a mixture of ammonia and carbon monoxide is 
caused to react with sodium hydroxide, carbon¬ 
ate, sulphide or other salt at 580-650°C. 

6. Froyti Formamide. —Hydrocyanic acid can 
be obtained by the catalytic dehydration of 
formamide : 

HCONH2=HCN-f HjO 

Formamide itself may be prepared by the 
following methods: 

(а) From formic acid and ammonia, which 
give ammonium formate. On distilling am¬ 
monium formate, water containing small quan¬ 
tities of ammonia and formic acid is first given 
off, and at 180°C. the distillation of formamide 
begins. As the temperature is raised to 220°C., 
increasing quantities of carbon monoxide are 
evolved. The reactions occurring are : 

H CO ONH 4 -> H CO NHg-f H 2 O 
H CO ONH 4 H CO OH+NH 3 
HjO-hCO+NHg 

Experiments on this decomposition are described 
by Lorin (Annalen, 1864, 132, 255) and by 
Freer and Sherman (Amer. Chem. J. 1898, 20, 
223), who recommend that the dehydration be 
carried out in an atmosphere of ammonia. 
The use of dehydrating catalysts such as bauxite 
for the vapour phase reaction at 170°C. is pro¬ 
tected by the Badische Anilin und Soda Fabrik 
in B.P. 237628, 1926). 

(б) From alkyl formates and ammonia, the 
reaction having been discovered by A. W. 
Hofmann (J.C.S. 1863, 16, 72), who saturated 
ethyl formate with ammonia and heated it in a 
sealed tube at 100°C. for 2 days. Alkyl formates 
are produced by treating solutions of sodium 
olkoxides in the corresponding alcohols with 
carbon monoxide under pressure (Stabler, Ber. 
1914,47, 580): 

CO+NaOMe-NaCOOMe 

HOMe+NaCOOMe 

-HCOOMe+NaOMe 

At the ordinary temperatures the reaction is 
slow, but goes to complete ester formation on 
prolonged treatment with carbon monoxide at 
300 atmospheres; at 190*^0., however, only 4% 
of the alkoxide reacts. Similar results were 
obtained by Fischer and Tropsch (Ges. Abh. 
Kennt. Kohle, 1921, 6, 382), using sodium 
formate as catalyst, and by Christiansen (J.C.S. 
1926, 129, 418) on passing a mixture of carbon 
monoxide and methanol vapour over sodium 
methoxide at 70-100°C., high pressures and 
low temperatures favouring the formation of 
ester. According to B.P. 252848, 1925, when 
methanol containing 10 g. of dissolved sodium 
per litre is heated to 80°C. with carbon monoxide 
at 60 atmospheres, 76% of the alcohol is con¬ 
verted into methyl formate in 3 hours, whilst 
at 1,000 atmospheres the reaction is complete in a 
few minutes. 

The manufacture of formamide by this 


reaction is described in B.P. 240087, 1926. 
Methyl formate is first made by dissolving sodium 
in methanol and treating the solution with 
carbon monoxide as above. The product is 
then treated with ammonia at 60°C. and 150 
atmospheres. B.P. 254787, 1925, describes a 
vapour phase method by which methyl formate 
vapour is passed with ammonia over a dehydrat¬ 
ing catalyst such as alumina, thoria or silica gel 
at 200--300°C. with a short time of contact: at 
higher temperatures or with longer contact 
times the principal product is hydrocyanic acid. 

(c) From ammonia and carbon monoxide 
directly. K. H. Meyer and Orthner (Ber. 1921, 
54, [B], 1705) obtained some formamide, 

together with ammonium carbonate, formate, 
and cyanide, on heating a mixture of carbon 
monoxide and ammonia at 200°C. and 230 
atmospheres in the presence of earthenware. A 
similar process is described in B.P. 203812, 1922, 
but is not of technical interest owing to the pre¬ 
dominance of side reactions. The process 
described in B.P. 240087 above may be carried 
out by introducing the ammonia and carbon 
monoxide simultaneously into the sodium- 
methanol solution under the stated conditions, 
when it would fall under this head. The R. and 
H. Chem. Co. describe, in U.S.P. 1787483, a 
similar reaction at e.g. 70®C. and 17 atm. 

The dehydration of formamide to yield hydro¬ 
cyanic acid will obviously require temperatures 
higher than 20()°C.. since formamide itself is 
produced by dehydration of ammonium formate 
at that temperature. From thermochemical 
data it may be calculated that the reaction is 
endothermic, the equilibrium therefore favouring 
HCN-formation at high temperatures, and it 
proceeds with an increase in gas volume, so that 
the yields of hydrocyanic acid are greater at 
lower pressures. The variation of the equilibrium 


, , y / [HCNJCHgOA ^ 

constant ly ^ N H ] / tempera¬ 


ture is given by the relation 
, , 23380 

“’8^'’-=-4-57rT 


,+ 1-76 log T-^V3-6. 


the partial pressures of the components being 
expressed in atmospheres. From this relation, 
the percentage conversion of formamide to 
hydrocyanic acid at equilibrium at various 
temperatures and under total pressures of 1 
and 0*02 atmospheres may be calculated as 
follows : 


Temp. °C. 

Percentage conversion. 

1 atm. 

0 02 atm. 

200 

8'8 

531 

300 

250 

87*7 

360 

— 

97-3 

400 

77*8 

99-4 

600 

1 96-7 

— 

600 

i 

99-4 



Under favourable conditions the yields obtained 
in practice approximate to those calculated. 
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In the technical practice of this theoretically 
very favourable reaction for the production of 
hydrocyanic? acid, several difficulties arise. It 
is found that liquid formamide near its boiling- 
point deeonipoH(*s rapidly, though the vapour 
is relatively stable. For this reason it is 
necessary that the licjuid be kept at its boiling- 
point for the shortest possible time, and the 
I.G. Farbenirid. A.-G. propose to obtain vaporisa¬ 
tion without decomposition by dropping the 
liejuid (preferably under reduced pressure) on 
to a superheated surface kept considerably 
above 2i5°C%, so that vaporisation is immediate 
and no liquid accumulates in the evaporator 
(B.l\ 301974, 1927). Side reactions may 

occur during the dehydration, the most impor¬ 
tant being the rc?a(;tion of hydrocyanic acid with 
steam to give carbon monoxide and ammonia. 
The use of catalysts which accelerate formamide 
dehydration but which do not favour the 
secondary decomposition is therefore of 
advantage. The most important catalysts are 
alumina, thoria and zirconia, especially after 
pre-heating to 1 , 000 °C. to reduce their activity 
in promoting HCN-decomposition (B.P. 305816, 
1928), and certain metals such as brass and 
steel (U.S.P. 1675366, 1928, and 1951520, 1934). 
The beneficial effect of working under reduced 
pressure {li.V. 269166, 1926, and 261557, 1925), 
or with formamide vapour diluted with ammonia 
(B.P. 233080, 1924), is also mentioned. 

The last technical problem presented by this 
process is the supply of the heat quantities 
necessary to maintain the endothermic reaction 
at the high space velocities employed. Heat 
transfer is probably aided by the use of metallic 
tubes filled with metallic catalyst as reaction 
chambers (G.P. 477437, 1926), and Can. P. 
285200, 1928, describes a reaction chamber 
having brass walls heated to a temperature 
above 300"(k, no portion of the formamide being 
more than half an inch from the heated walls. 
A further method of obtaining rapid heat 
supply is to pass the vapour of formamide 
through a bath of fiised metal heated to 300- 
600X\; G.P. 661816, 1930, claims 70-85% 
yields of hydrocyanic acid by this method. 
Finally, it is claimed in B.P. 292749, 1927, that 
an alumina catalyst may bo deposited on a wire 
gauze wdiich can be heated electrically during 
the passage through it of formamide vapour. 

6 . From. Aynmoniaand Hydrocarbons. —Hydro¬ 
cyanic acid is produced by a large variety of 
gaseous reactions between ammonia and carbon 
compounds. Since the synthesis of HCN 
from its elements is highly endothermic, these 
reactions are generally favoured by high 
temperatures, and the reaction temperature 
required for HCN formation rises in passing 
from the most unsaturated hydrocarbon, 
acetylene, through ethylene to the completely 
saturated methane. With the unsaturated 
hydrocarbons, catalysts may usefully be 
employed to accelerate the cyanisation at 
temperatures between and 900"C., but with 
methane very high temperatures are required 
(above 1 , 0 (>U^( 1 ), and very short times of contact 
must be used in order to minimise loss by 
secondary decompositions. Equilibrium is never ! 
attained, and in general the use of catalysts is 


inadvisable, since under the severe conditions 
they are more likely to accelerate the unwanted 
side reactions than the cyanide synthesis. The 
following paragraphs give an account of the 
development of this method of cyanising 
ammonia, and of the modifications of and im¬ 
provements in the simple reactions which have 
been proposed in order to overcome the 
technical difficulties involved. 

(a) Acetylene and Ammoniay when passed 
over bauxite, hydrated ferric oxide, or the 
chlorides of zinc, iron, etc., at temperatures 
between 300“ and 460°G., give condensation 
products such as acetonitrile (G.P. 387962, 
1916), pyridine and its homologues (G.P. 
382091, 1920), and the ethylamines (B.P. 

283163, 1927). When metallic catalysts at 

higher temperatures are used, for example, 
copper in the form of a wire net at 480“C., 
hydrocyanic acid is the principal product if the 
acetylene is in large excess (Beindl, U.S.P. 
1444457, 1915). Brodig, Elod and Demme (Z. 
Elektrochem. 1930, 36, 991) used a catalyst 
of pure alumina, and with equal volumes of 
acetylene and ammonia at 800“C. and contact 
times of 1-4 seconds they found 28% of the 
ammonia converted into hydrocyanic acid, 
60% un(!hanged, and 12% decomposed. Much 
of the acetylene was decomposed into carbon or 
w^as polymerised. Using excess of ammonia, 
the acetylene could bo fairly completely con¬ 
verted into hydrocyanic acid. According to 
Bredig, Elod and Demme, the reaction is 
C 2 H 2 -f 2 NH 3 = 2 HCN + 3 H 2 . The use of an 
alumina catalyst for the formation of hydro¬ 
cyanic acid from ammonia and either acetylene 
or benzene is mentioned in G.P. 555056, 1927. 

(5) Ethylene and Ammonia also react to give 
hydrocyanic acid, under conditions studied by 
Bredig, Elod and Demme (Z.c.). They found 
that precipitated alumina mixed with quartz 
was the best catalyst, which gave the following 
results at 80()“C. with a gas mixture consisting of 
equal volumes of ethylene and ammonia : 




% of disappearing NH 3 

Tontact time 

% ammonia 



seconds, 

unchanged. 

as HCN 

as N 2 

6-5 

90 

78-5 

21-5 

3*3 

18-4 

77-2 

22-8 

1-2 

35-9 

69-2 

30*8 

0-67 

72-3 

_ 

570 

430 


Considerable quantities of methane and carbon 
were also formed. The same catalyst was 
found effective by Elod and Nedelmann (Z. 
Elektrochem. 1927, 33, 217) for the reaction 
between ethylene and nitric oxide at 800- 
950“C. Probably the nitric oxide is first reduced 
to ammonia, which then reacts with the 
decomposition products of the ethylene 
(CaH.^CHgt+CHj: and CH^:+NH^ 

*=HCN-|- 2 H 2 ). Using a gas mixture con¬ 
taining 1 NO : 2 C 2 H 4 : 2 H 2 at a temperature of 
960“C. and a time of contact of 1*25 seconds, 
they obtained a 64*8% yield of hydrocyanic 
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acid based on the nitric oxide, 2-4% appearing 
as ammonia. A large part of the ethylene 
yielded methane, carbon and hydrogen. 

(c) Methane and Ammonia give very poor 
yields of hydrocyanic acid at temperatures up to 
1,100°C. in the prescruje of alumina as a catalyst: 
this catalyst accelerates instead the decom¬ 
position of the methane an<l ammonia, as is 
shown by the following results (Bredig, Elod 
and Demme, Z. Elektroehem. 1930, 86 , 991) 
with a mixture of equal volumes of the two gases: 


Contact 

time 

Hecoiulw. 

Teni]). 

‘'C. 

NH3 

clccoinpoHcd. 

% NH 3 
as HCN 

% CH4 

decomposed. 

8*8 

8 (M) 

56*5 

trace 

0*0 

8*0 

900 

88*2 

1*8 

15*1 

7*4 

1000 

98*5 

90 

47*6 

6*8 

1100 

100 

60 

85-6 


On the other hand, Bredig and Elod claim 
bettor results in G.P. 548798, 1927, whcm using 
ethane instead of methane on a mixed alumina- 
silica catalyst at 850"X^, a 35% yield of hydro¬ 
cyanic acid l)eing obtained. Probably acetylene 
is first formed. 

Poindexter (U.S.P. 1584137, 1926) describes 
the production of hydrocyanic acid from 
ammonia and methane-containing gas {e.g. 
natural gas) at reaction temperatures between 
950° and 1,450°C., depending on the materials 
of construction and the form of the ap])aratus. 
Preheating of the reactants is advisable in order 
that the contacd time at reaction temperature 
may be kept as short as possible. 45-61% 
conversions of ammonia into hydrocyanic 
acid were obtained when 2 volumes of natural 
gas and 1 volume of ammonia were passed 
in 1 second or less through a glazed fireclay 
tube at 1 ,200°C. or higher. The loss of ammonia 
by decomposition was 27-39%. Various methods 
of supplying the necsessary heat to support the 
reaction are described, such as the use of a 
chequer work stove preheated by combustion 
of fuel gas, or of a bed of coke which is blown 
red-hot by an air blast and then used as the 
reaction medium, or the addition to the gases of 
an insufficient quantity of oxygen for the com¬ 
bustion of their carbon, followed by explosion of 
the mixture. Eurther details are given in U. 8 .P. 
1387170, 1920, and 1562914, 1922, according to 
the latter of which the product gas contains 11 % 
HCN and considerable quantities of finely 
divided carbon. 

The non-catalytic reaction between methane 
and ammonia is recommended by Wheeler and 
others (B.P. 335585, 335947, 1929), who find 
that the reaction 

CH 44 NH3=HCN-f3H2 

proceeds at high velocities without the aid of 
solid surfaces if the temperature is of the 
order of 1,400°C., whereas the unwanted 
decompositions of methane and ammonia are 
catalysed by the walls of the chamber. They 
obtain good HCN efficiencies by choosing 
conditions which do not favour these decom¬ 
positions, recommending, for example, the use of 

VoL. 111.-32 


chambers with the smallest surface and the 
dilution of the gases with hydrogen and moisture 
(B.P. 353407, 1930). They also state that the 
decomposition of ammonia and methane is 
minimised by building the reaction chambers 
with refractories free from iron, and in such a 
way that the internal surfaces are smooth, 
in B.P. 349958, 1930, they describe a form of 
apparatus designed to facilitate the transfer of 
the heat required to maintain the reaction, 
consisting of reaction chambers of long, deep 
and narrow form placed between long and deep 
heating flues. 

One further process may be mentioned here 
(Kuhrehernie A.-G., G.P. 630767) in which 
mixtures of ammonia and methane are heated 
to high temperatures (1,400-1,500°C.) in vessels 
of non-porous alumina refractory at reduced 
pressure and very low times of contact. These 
reaction conditions have previously been found 
to be favourable for the production of acetylene 
from methane, and the patent claims that, in 
the presence of ammonia, they lead also to the 
production of outstanding yields of hydrocyanic 
acid. A gas mixture containing 2 volumes of 
methane and 1 of ammonia gave, with a contact 
time of 0 05 second at a temperature of 1,600°C. 
and a pressure of 45 mm., an exit gas containing 
12% HCN in amount corresponding to a 65% 
yield on ammonia and 32% on methane, with 
simultaneous j)roductiou of acetylene. These 
results are in harmony with the view of H. 
Kuster (Brennstofl-Chem. 1931, 12, 329) that 
the first step in the synthesis of hydrocyanic acid 
from methane is the splitting up of CH 4 mole¬ 
cules into CH: groups. 

The greatest technical difficulty in the 
methane-arnrnonia process is the rapid supply 
of heat at very high temperatures through 
refractory walls to the reactijig gases, and 
various methods of overcoming it have been 
suggested. Peters and Kuster (Brennstoff-Chem. 
1931, 12, 122) heated the gases at 20-40 mm. 
pressure by means of an electric discharge, and 
obtained good yields. With a mixture of 
ammonia and methane in the volume ratio of 
1: 7, for example, they report complete cyanisa- 
tion of the ammonia, the excess methane being 
largely converted into acetylene. Wheeler also 
describes the production of hydrocyanic acid by 
passing induction sparks through a mixture of 
methane and ammonia (B.P. 325860, 1928), the 
power (consumption being 0*05 kwh. per g. of 
HCN, or 0*01 kwh. per g. of HCN when the 
I gas mixture is preheated to 1,000°C. 

Another method of supplying internally a 
large part of the heat required is to add o.xygen 
to the reacting gases, converting the endo¬ 
thermic synthesis 

CH 4 -f N H 3 = HCN + SHg-eO kg.-cal., 
into the exothermic oxidation reaction 

NH3+1i02+CH4 

-HCN-fSHaO-f 114*9 kg.-cal. 

Such a process is described in B.P. 361004, 
1931, and 451609, 1935, the combustible mixture 
being passed at a high speed through a platinum 
or platinum-iridium gauze catalyst at 950- 
1,100°C., and U.S.P. 2000134, 1935, describes 
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the passage of the preheated mixture through 
finely divided wood charcoal at 1,100-1,600°C. 
L. Andrussov (Angew. Chem. 1935, 48, 593) 
discusses the mechanism of the catalytic oxida¬ 
tion at a platinum gauze, and postulates the 
intermediate production of “ nitroxyl ” groups 
HNO by the oxidation of ammonia. In the 
presence of excess of oxygen (as in technical 
ammonia oxidation for nitric acid), “ nitroxyl ” 
is further oxidised to nitric oxide and water, 
but when methane is present the foUowing 
reactions are said to occur : 

HNO-fHgCHa-HNCHa+HjO 

HNCH2-HCN+H2 

If methane is used in large excess, most of the 
oxygen is used in producing carbon monoxide 
and hydrogen, and the yield of hydrocyanic acid 
falls. The reactions by which “ nitroxyl ” and 
then hydrocyanic acid are formed are stated to 
occur very rapidly at the surface of the catalyst. 
At 1,000°C., using a methane-ammonia-air 
mixture in the proportions required for the above 
oxidation equation, 58-63% of the ammonia 
was converted into hydrocyanic acid, 8-12% 
into nitrogen, and 26-30% was undecomposed. 

The reaction between nitric oxide and methane 
in the presence of alumina at high temperatures 
was mentioned by Elod and Nedelrnann (Z. 
Elektrochera. 1927, 33, 217), and B.P. 446277 
(Du Pont de Nemours and Co.) protects the 
use of one or more metals of the platinum 
group as catalysts for the reaction between 
hydrocarbons and nitric oxide, the mixture 
being diluted witli nitrogen, carbon dioxide, 
steam or oxygen. 

7. Fro7ri IsHtrogen and Hydrocarbons .—In 
1868 Berthelot ((5ompt. rend. 1868, 67, 1141) 
discovered that acetylene and nitrogen combine 
under the influence of strong induction sparks 
to give hydrocyanic acid by the reaction 

C 2 H 2 +N 2 ^ 2HCN, 

which is reversible. He had previously shown 
(Ann. chim. phys. 1863, [hi], 67, 52) that acety¬ 
lene is formed in the electric arc between carbon 
electrodes in an atmosphere of hydrogen, and 
that hydrocarbons in general yield acetylene 
under the influence of induction sparks. Acety¬ 
lene is, in fact, one of the equilibrium products in 
the gas surrounding a carbon arc burning in 
hydrogen or hydrocarbon vapour, being present 
to the extent of 7-8% by volume, along with 
1*25% methane, 0*75% ethane, and no other 
hydrocarbons (Bone and Jordan, J.C.S. 1901, 
79, 1042). Berthelot drew the general con¬ 
clusion that hydrocyanic acid must be formed in 
the carbon arc burning in mixtures of hydrogen 
and nitrogen, and when sparks are passed through 
mixtures of nitrogen and hydrocarbons. A 
mixture of 10 vols. of acetylene, 14*5 vols. of 
nitrogen, and 75*5 vols. of hydrogen is suitable 
for the synthesis of hydrocyanic acid, since 
mixtures richer in acetylene deposit carbon. 
The cyanogen compound observed when the arc 
bums between carbon electrodes in an atmo¬ 
sphere of nitrogen is hydrocyanic acid, the 
hydrogen being derived from the electrodes or 
from water vapour. 


Dewar (Proo. Roy. Soo. 1879, 29, 188; 1880, 
30, 85) confirmed these results, and also showed 
that hydrocyanic acid is formed when a mixture 
of hydrogen and nitrogen is passed through a 
carbon tube heated externally by an electric 
arc. Hutton and Smith (B.P. 23835 of 1906; 
Trans. Amer. Electrocliem. Soc. 1908, 13, 358) 
have shown that the temperature of the arc is 
not necessary, hydrocyanic acid being formed 
when a carbon rod is heated at 1,700°0. in 
a mixture of hydrogen and nitrogen H. v. 
Wartenberg (Z. anorg. Chem. 1907, 52, 299) 
carried out quantitative measurements of the 
equilibrium and obtained the following results 
with a mixture of equal volumes of hydrogen and 
nitrogen: 

Temp.°G. 1635 1752 1875 

% H C N in gas 

I at equilibrium ]'95 3-10 4-70 

Wallis (Annalen, 1906, 345, 353) obtained a 
maximum HCN concentration of 35% with the 
same gas mixture in an arc having an estimated 
temperature of about 3,250°C. Prom acetylene 
mixed with twdee its volume of nitrogen, 
Hoyermann (Chem.-Ztg. 1902, 26, 70) obtained a 
60-70% conversion into hydrocyanic acid on 
passing the mixture into the arc through tubular 
carbon electrodes. 

Mixtures of acetylene and nitrogen under 3 
atmospheres pressure were ex})lodcd in a closed 
bomb by Garner and Matsuno (J.C.S. 1921, 119, 
1903), and the cooled gases contained 1*57% 
HCN w'ith an initial mixture containing 
3% Ng, and 3-24% HCN with a mixture con¬ 
taining 22% Ng. The effect of increasing the 
temj)ei ature of the explosion by adding oxygen 
to the mixture was investigated by Gamer and 
Saunders (J.C.S. 1924, 125, 1634). The tem¬ 
peratures attained in the explosion varied from 
2,950°C. to 4,287“C., but the quantity of hydro¬ 
cyanic acid formed in the products corresponded 
with an equilibrium frozen at some lower 
temperature. Writing the reaction as 

Hg-f 2C-fN2-2HCN-55-4 kg.-cals., 
and using the relation 
log 

13 210 1*18T2 

- 0-625 log T-0-0009516T+ -f 3-4, 

where I^ 3 ?=[HCN] 2 /[H 2 ][N 2 ], for the variation 
of the equilibrium with temperature, it was 
calculated that the temperatures at which 
equilibrium was frozen lay between 1,940° and 

2 l 282 °C. 

A considerable amount of work has been done 
on the synthesis of hydrocyanic acid from 
nitrogen and methane (or its equivalent). 
Gruszkiewicz (Z. Elektrochem. 1903, 9, 83) 
found that carbon monoxide, hydrogen and 
nitrogen, mixed in the volume ratio of 2:1:1, 
gave small amounts of hydrocyanic acid when 
exposed to induction sparks between platinum 
points. Lipinski (Z. Elektrochem. 1911, 17, 
761) passed mixtures of methane, nitrogen, and 
hydrogen through a 2,200-volt alternating 
current arc between platinum electrodes. No 
carbon was deposited from a mixture containing 
20% CH 4 , 10% Hg, and 70% Ng, and under the 
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best conditions the HCN yield was 1-76 g. per 
kwh. According to H. Phihpp (Chem, and Met. 
Eng. 1920, 22, 313), Lipinski’s process was tried 
on a commercial scale in 1914 at Neuhauson, 
and a yield of 30 g. HCN per kwh. attained. 
Briner and Baerfuss (Helv. Chim. Acta, 1919,2, 
663) report a yield of 7-39 g. HCN per kwh. 
on circulating a mixture of 5 parts of nitrogen 
and 1 of methane through an arc at 505 volts 
between platinum electrodes 6 mm. apart. 

A commercial process for the arc synthesis of 
hydrocyanic acid from methane and nitrogen 
has been developed by Soc. Chem. Ind. in Basle 
and H. Andriessens (B.P. 290355, 1927). 

Methane or petroleum vapour and nitrogen are 
circulated through an arc flame, producing a 
mixture of hydrocyanic) acid and acetylene. 
The hydrocyanic acid is dissolved in caustic 
soda and worked up for sodium cyanide, and a 
large part of the acetylene is removed by 
solution in water under pressure before returning 
the gases to the arc (B.P. 195239). Kiistor 
(BrennstofF-Chem. 1931, 12, 329) carried out arc 
experiments under reduced pressure, and at the 
highest energy input was able to convert 80’5% 
of the methane into hydroc yanic acid and 13*9% 
into acetylene, starting with a mixture con¬ 
taining 86*5% Ng and 13% CH^. With Jess 
nitrogen in the starting gas, the HCN/CoHg 
ratio in the product fell. It is suggested tliat 
the methane is first decomposed into hydrogen 
and CH • groups, whicii react with activated 
nitrogen. A largo excess of nitrogen and a high 
energy input are necessary to make the con¬ 
centration of active nitrogen sufficient to react 
with all the CH i groups ])roduced. 

I.G. Farbenind. A.-G. (B.P. 294494, 1927) has 
devised various modifications of arcs of the 
Schonberr type to make them ai)plicablo to 
mixtures of hydrogen, nitrcjgen and hydro¬ 
carbons, obtaining a lengthening of the arc by 
interposing between the central electrode and 
the earthed tubular counter-electrode a mantle 
of insulating material which surrounds the arc 
and lengthens its path. From mixtures con¬ 
taining 7-30% CH4, yields of 50-65 litres of 
acetylene and 15-18 g. HCN per kwh. are 
obtainable. 

Pboperties of Hydrocyanic Acid. —Hydro¬ 
cyanic acid does not occur in the free state in 
nature, but its compounds are widely distributed 
in plants. These compounds are glycosides 
which decompose, under the hydrolytic action of 
enzymes in the living cells, into hydrocyanic 
acid, a ketone or an aldehyde {e.g, acetone, 
benzaldehyde, etc.) and a sugar. For instance, 
the glucoside amygdalin, wffiich is contained in 
bitter almonds, hydrolyses under the influence 
of the enzyme eraulsin to give hydrocyanic acid, 
benzaldehyde and d-glucoso; the hydrolysis is 
also effected by boiling with dilute acids. In rare 
cases a glycoside is found without an accompany¬ 
ing enzyme, as in the leaves of the common 
elder {Sambucus nigra) which contain the gluco¬ 
side sambunigrin, isomeric with amygdalin 
(v, Cyanophoric glycosides). The quantity of 
hydrocyanic acid present varies in different parts 
of the same plant, and depends on the age of the 
plant, usually being greatest in young plants. It 
is also dependent on the conditions of growth as 


affected by climate and rainfall, and has been 
found to be increased by the use of nitrogenous 
fertilisers. The quantity present rarely exceeds 
0-2% of the weight of the plant, and typical 
figures are given below; 

Groat millet {Sorghum vulgare), 0-013-0'044% 
in young plants; an exceptional North American 
specimen yielding 0*114%. 

Wild cherry {Frunus serotina), 0*09%. 

Cherry laurel {Frunus Laurocerasua), up to 
0*2% in young leaves. 

Cassava, sweet {Manihot palmata), 0*016% in 
leaves, 0*043% in peel of stem, 0*005% in edible 
part of root. 

Cassava, bitter (if. utilissima), 0*041% in 
leaves, 0*113% in peel of stem, 0*053% in edible 
part of root. 

Rangoon beans {Fhaseolus lunatu8)y 0*025%. 

Linseed {Linum usitatissimum), 0*02-0*038%. 

Nandina domesfica, 0*07-0*147%. 

Bitter almonds {Frunus communis, var. 
amara), 0*12-0*18%. 

Cases of cattle poisoning are not infrequent in 
hot countries where sorghum i.s used as fodder, 
and linseed meal and white clover are also 
sometimes poisonous. By thorough boiling with 
water the enzymes are destroyed and the cyano- 
genetio glucosides rendered harmless. 

Minute traces of hydrocyanic acid have been 
observed in the products of incomplete combus¬ 
tion, such as the luminous flame of the Bunsen 
burner, boiler flue gases and tobacco smoke. 
Hydrocyanic acid is also always present in the 
products of the high-temperature dry distilla¬ 
tion of nitrogenous organic substances, and in 
this case is probably chiefly formed by the 
action of ammonia on carbon : 

NHg+C-HCN+Hg 

This reaction was used by Clouet (Ann. Chim. 
1791, 11, 30) in the first synthesis of hydrocyanic 
acid, and has been studied quantitatively by 
Borgmann (J. fiir Gasbelouchtung, 1890, 39 , 
117), Lance (Compt. rend. 1897, 124, 819), 
Voerkelius (Dissertation, Hannover, 1909), 
Carpenter and Linder (Alkali Works, 45th 
Report, 1908, 26; 46th Report, 1909, 21), and 
Kiister (Brennstoff-Chem. 1931, 12, 329). The 
formation of hydrocyanic acid begins at 700°C., 
and the best yields (calculated on ammonia) are 
obtained between 1,000° and 1,100°C. The 
reaction is reversible, but equilibrium con¬ 
ditions are never reached owing to the simul¬ 
taneous decompositions of ammonia and 
hydrocyanic acid at the temperatures in 
question. The composition of the product in any 
given experiment depends, therefore, on the 
relative rates of the main carbon-ammonia 
reaction and of the two decomposition re¬ 
actions under the experimental conditions. 
Porcelain and iron, for example, favour HCN- 
decomposition, but little decomposition occurs 
with charcoal or when a layer of carbon has been 
deposited on the reaction tube. The rate of 
decomposition of the ammonia varies with the 
type of charcoal, being greater with more finely 
divided and with fresh samples of wood charcoal. 
Voerkelius found that the NHg/HCN ratio 
in the product was not greatly influenced by the 
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reaction time, but that ammonia decomposition 
increases with the reaction time. Kiister’s experi¬ 
ments imitated the conditions occurring in a 
coke oven, a mixture of nitrogen and hydrogen 
in the volume ratio of 1: 3, and containing 0-2% 
of ammonia, being passed over coke. The 
results were: 


Temp °C. 

% NHg giving 

600 

700 

800 

900 

1000 

1100 

HCN . 

% NHj, decom¬ 

3-7 

5-2 

6-4 

12-8 

25-1 

40-0 

posed . 

8-0 

— 

8-5 

42-8 

C3-3 

63-0 

Nornst’s heat theorem has been applied to this 


reaction by von Wartenberg (Z. anorg. Chom. 
1907, 52, 299) with the following results: 

Temp. °C. . . 500 800 1100 1400 

[i>NH,/(PH,Xi’HCN)]632 0-27 0 003 0 0002 

The equilibrium quantity of hydrocyanic acid 
increases markedly with rise of temperature, 
the heat of the endothermic reaction being 
—39,500 cal. per mol. of HCN. These figures 
indicate that equilibrium was never even 
approximately attained in Voorkelius* experi¬ 
ments, and the formation of appreciable quan¬ 
tities of hydrocyanic acid at 600°C. in Kiister’s 
experiments suggests that reactions between 
ammonia and hydrocarbons may contribute. 

Hydrocyanic acid was formerly prepared by 
distilling potassium ferrocyanido with dilute 
sulphuric acid (see vnder Technical Methods of 
Preparation, p. 492), but is nowadays more 
conveniently prepared from sodium cyanide 
solution and relatively concentrated sulphuric 
acid, a method first described by Wade and 
Panting (J.C.S. 1898, 73 , 255). A 30-35% 
solution of sodium cyanide is run into hot 75% 
sulphuric acid, using 1^ mols. of sulphuric aci(l 
to 2 mols. of cyanide. The cyanide solution 
should be allowed to enter the acid just below 
its surface, in order to avoid contact of the 
alkaline cyanide solution with hydrocyanic 
acid vapour, w^hich encourages polymerisation 
of the HCN. The vapour may bo dried by 
means of calcium chloride at 30'^C., and then 
condensed in an ice-cooled vessel. It may be 
purified from traces of water and ammonia by 
distillation over phosphorus pciitoxide (Ncf, 
Annalen, 1895, 287 , 265). Details of a similar 
laboratory procedure, adding a small amount of 
ferrous sulphate to the reaction mixture, are 
given by Slotta (Ber. 1934, 67, [B], 1028). 

The above process is frequently used for the 
manufacture of hydrocyanic acid (Pelton and 
Schwarz, Chem. and Met. Eng. 1919, 20 , 165; 
Carlisle, Ind. Eng. Chem. 1933, 25 , 959). The 
cyanide-sulphuric acid reaction mixture is 
distilled to give an aqueous distillate of 80% 
strength, which is acidified to inhibit de¬ 
composition, and rectified by redistillation. 
B.P. 401351, 1931, proposes the use of sulphur 
dioxide as a gaseous stabiliser to prevent 
decomposition throughout the reaction and 
distillation systems; it may conveniently be 
generated by adding sodium sulphite to the 
cyanide before the reaction with the acid. 

Other methods of preparing hydrocyanic 
acid, which are of academic interest only, are 
(a) the dehydration of formaldoxime C H g*. N O H, 
an isomer of formamide obtained by the inter¬ 


action of formaldehyde and hydroxylamine, on 
heating the two compounds alone or with 
phosphorus pentoxido (l)unstan and Bossi, 
J.C.S. 1898, 73 , 353), and (6) the combination 
of hydrogen and cyanogen by heating the 
mixture to 500-550“C. (Borthelot, Ann. chim. 
phys. 1879, [5J, 18 , 380). 

Hydrocyanic acid is a colourless liquid having 
a characteristic smell, or more correctly taste, 
which produces a choking sensation in the 
larynx. It is one of the most poisonous sub¬ 
stances kiiowti; the fatal dose for a human 
being is approximately 1 mg. per kg. of body 
weight, or () 06-0-07 g. for a full-grown man. 
It may be introduced into the body by inhalation 
of the vapour or by absorption of the liquid 
through the skin, and its lethal action is very 
rapid, large doses causing almost instantaneous 
death. On the other hand, air containing 
minute concentrations of the vapour, but in 
which its smell is distinctly perceptible, may be 
breathed constantly without ill efiects. Experi¬ 
ments with cats, for instance, showed that con¬ 
centrations of 0 003-0 004% could be tolerated, 
but that 0-005% produced symptoms of poison¬ 
ing. It appears that the metabolism is able to 
convert hydrocyanic acid into relatively non¬ 
toxic thiocyanate at a limited rate, and if the 
rate of supply of hydrocyanic acid is lower than 
this rate, no lethal effect is produced. Thio¬ 
cyanate has been detected in the urine of dogs 
which had been treated with regular small doses 
of potassium cyanide. 

The first symptoms of poisoning are giddiness 
and darkening of the visual field; these symp¬ 
toms disappear after a few minutes’ exposure 
to fresh air. They are followed by unconscious¬ 
ness accompanied by muscular cramps and more 
or less complete cessation of respiration. So 
long as the heart is still acting, however, 
artificial respiration and the use of oxygen 
(or a mixture of oxygen and carbon dioxide) 
may bo successful at this stage in inducing 
recovery. Heart stimulants such as amyl 
nitrite (applied by inhalation of the vapour), 
lobeline, and coramino (applied by intravenous 
injection) may be applied by a doctor in 
desperate cases. Other antidotes which have 
recently been the subject of research are various 
sulphur-producing preparations, such as colloidal 
sulphur, thiosulphate, and tetrathionato, sodium 
nitrite and mixtures of nitrite with thiosulphate, 
methylene blue, and oxidising agents such 
as hydrogen i>eroxide and permanganate. 
When a cyanide has been swallowed, hydrocyanic 
acid is liberated in the stomach by the acids 
in the gastric juices, and in this case the simplest 
and most effective antidote is prepared by 
mixing solutions of ferrous sulphate and 
sodium carbonate. It is important that the 
sodium carbonate should bo in excess so that 
the mixture is alkaline ; the detoxifying action 
of this antidote is due to the conversion of the 
hydrocyanic acid into ferrocyanide, which is 
relatively non-toxic. A summarised description 
of the mode of action and relative efficiency of 
various antidotes for hydrocyanic acid poisoning 
is given by Wirth, Arch. exp. Path. Pharm. 
1935, 179 , 558. 

The poisonous action of hydrocyanic acid 
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appears to consist partly of a direct paralysing 
effect on the respiratory nerve centres and 
partly of an inhibitory action on that enzyme 
of the red-blood corpuscles which brings about 
the transference of oxygen from oxyhaemoglobin 
to the oxidisable substances in the body: the 
venous blood therefore becomes arterial, and 
death is due partly to a kind of internal suffoca¬ 
tion. The suggestion that the poisonous action 
of hydrocyanic acid might be due to its inhibi¬ 
tory action on the oxidising power of the blood 
was first made by Schonbein (J. ])r. Chom. 1868, 
[i], 105, 202 ), who showed that the acid inhibits 
the catalytic decomposition of hydrogen per¬ 
oxide by plant fernients, and also by the red- 
blood corpuscles. Later Bredig and von 
Berneck (Z. physikal. Chem. 1899, 31, 329) 
showed that it has the same effect on the 
inorganic catalyst, colloidal platinum. The 
ferments recover their activity when the 
hydrocyanic acjid is removed. This property 
has been applied in the preservation of fruit. 

The physical properties of ii(|uid hydrocyanic 
acid are tabulated below : 

Density (Krodenhagon and Dahmlos, Z. anorg. 
Chem. 1929, 179, 77): 

Temp. °C. -13 0 4 15 20 

Density 0*7326 0*7150 0*7096 0*6950 0*6884 

Freezing-point (Tammann, Ann. Physik. 1899, 
68 , 576): 

Pressure (atm.) 1 500 4,000 

Freezing-point (®C.) —13*4 — 2*88 4-50*1 

Vapour Pressure (Bredig and Teichmann, 


Z. Klektroohem. 1925, 31, 449) 
Temp. (“0.) . . -15-2 

-10 

0 

10*8 

Vap. press, (mm.) 

110 

165 

256 

427 

Temp. (°C.) 

14*8 

18*0 

25*6 

29*8 

Vap. press, (mm.) 

504 

567 

760 

888 

Temp. (°C.) 

. 39*4 

64*8 

78*5 

100 

Vap. press, (aim.) 

. 1*63 

3*71 

5*35 

9 

Thermal Data .— 

-Heat of formation of liquid 


from its elements (amorphous carbon) — 21*8 
cal. per mol. (Thomsen); (diamond) —24*8 
cal. per mol. (Berthelot). Latent heat of 
vaporisation at 25°C., 246*8 cals, per g. (Perry 
and Porter, J. Amer. Chem. Soc. 1926, 48, 
299). 

Heat of solution of liquid acid in water: 
according to Busay and Buignet, when 1 g.-mol. 
of liquid H C N is mixed with 1J g. -mols. of water, 
a fall of temperature of 9*75‘^C. occurs. 

Aqueous Solutions. —The specific gravities of 
aqueous solutions have been measured by 
Walker and Marvin (Ind. Eng. Chem. 1926, 18, 
139), whose results are given in an abbreviated 
form below: 


Sp.gr. 

0“ 

5“ 

10° 

15° 

20° 

26° 

0*682 

— 

— 

— 

— 

— 

100 

0*690 

— 

— 

— 

— 

99*8 

97*7 

0*700 

— 

— 

— 

99*0 

96*9 

94*8 

0*710 

— 

— 

98*1 

96*0 

93*9 

92*0 

0*720 

99*3 

97*2 

95*1 

93*0 

91*0 

89*1 

0*730 

96*2 

94*2 

92*0 

90*0 

88*0 

86*2 

0*740 

93*1 

91*1 

89*0 

87*0 

85*1 

83*3 


These data are often used to estimate the 
percentage of water in the commercial acid. 


The eutectic point, ico-f-solid HCN+liquid 
phase containing 74*5 molar percentage of 
HCN, is -23‘4‘^C. 

The dielectric constant of liquid hydrocyanic 
acid is 95, the largest known with the exception 
of that of hydrogen peroxide (Schlundt). The 
acid is miscible in all proportions with water, 
alcohol, other, and many other substances, but 
it is almost insoluble in light petroleum. It is 
itself an excellent solvent for many solid 
substances; among inorganic salts the iodides 
are usually readily soluble. The solutions are 
good conductors of electricity, the conductivity 
of solutions of potassium iodide being about 
3J times greater than that of the corresponding 
aqueous solutions. 

Hydrocyanic acid is one of the weakest acids, 
its dissociation constant in aqueous solution at 
18°C. being 1*3 X 10~®, or 44 times smaller than 
that of sulphuretted hydrogen and 230 times 
smaller than that of carbonic acid (Walker and 
Corrnack, J.C. 8 . 1900, 77, 16). In a 0*1 Y 
solution, only 0 * 011 % of the acid is ionically 
dissociated, so that it does not behave as an 
acid towards indicators, and its salts are very 
largely hydrolysed in aqueous solution. The 
hydrolysis of alkali cyanides has been studied 
by Harman and Worley (Trans. Faraday Soo. 
1925, 20, 502), who measured the dissociation 
constant Jfc---[KOH](HCN]/[KCNJ of the 
reaction KCN-fHjjO ^ KOHfHCN at 
various temperatures with the following results : 

Temp.^C. .5 18 25 35 

IckW . 0*179 0*229 0*254 0*304 

The same figures apply to sodium cyanide. In 
the concentration of an aqueous cyanide 
solution free hydrocyanic acid produced by 
hydrolysis escapes until a sufficient excess of the 
base has accumulated to stop the hydrolysis: 
with stronger bases, such as caustic soda, the 
loss of hydrocyanic acid is slight, but with 
weaker bases it is considerable. In the case of 
volatile bases {e.g. ammonia) and insoluble 
bases {e.g. (calcium hydroxide), the continued 
removal of the base from the solution (by 
volatilisation or precipitation) prevents the 
attainment of equilibrium, and nearly the whole 
of the hydrocyanic acid escapes. The carbon 
dioxide of the atmosphere will displace hydro¬ 
cyanic acid from aqueous cyanide solutions, so 
that such solutions in confined spaces may 
develop dangerous HCN concentrations in the 
surrounding air. 

Pure hydrocyanic acid, which has been dried 
over calcium chloride or distilled over phosphorus 
pentoxide, can be kept unchanged for long 
periods at the ordinary temperature. Instability 
is induced by heating the liquid to 100 °C., 
or at the ordinary temperature by the presence 
of a small amount of water or of alkaline 
impurities such as ammonia or sodium cyanide, 
and the liquid gradually darkens in colour 
through yellow and brown, being finally con¬ 
verted into a non-volatile black solid of about 
the same empirical composition as HCN (Walker 
and Eldred, Ind. Eng. Chem. 1925, 17, 1074). 
This black polymer is itself a catalyst for the 
polymerisation. The decomposition occasionally 
proceeds with explosive violence owing to the 
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rapid rise of temperature which accompanies the 
reaction, and Salomone (Gazzetta, 1912, 42, (i), 
617) isolated from the products of an explosion 
colourless crystals of a substance having the 
composition of cyanic acid, the molecular weight 
of which in benzene solution corresponded to 
(HCN0)5. From the solid black HCN 
polymer mentioned above, a termolecular 
polymer can be separated by extraction with 
ether (Nef), which is behoved to be the nitrile of 
aminomalonic acid, NH 2 *CH(CN) 2 , since it 
gives carbon dioxide, ammonia, and amino- 
aoetio acid on heating with baryta water. 
From the same material. Bedel (Cornpt. rend. 
1923, 176, 168) obtained a totramer which he 
beheves to bo the hydrocyanide of amino- 
methane dinitrile. The aqueous acid also 
becomes brown in the presence of alkali cyanides 
and deposits a dark brown amorphous substance, 
azulmin or azulmic acid, containing carbon, 
oxygen, nitrogen, and hydrogen in variable 
proportions. Whenever water is present, carbon 
monoxide and ammonia are found among the 
decomposition products. The discoloration of 
sohd alkali cyanide on exposure to air is duo 
to the hydrocyanic acid liberated at its surface 
undergoing the change to azulmic acid. 

The commercial acid, which generally contains 
about 2% of water, is stabilised to inhibit 
decomposition by the addition of small quantities 
of strong acids, such as sulphuric acid or 
phosphoric acid, or better, oxalic acid, which is 
less corrosive to iron containers (G.P. 352979, 
1919). Organic compounds which are readily 
hydrolysed to acid products are also suitable, 
t,g. cyanogen chloride (B.P. 258324, 1925), 
chloroformio esters (B.P. 254747, 1925). 

The only useful application of hydrocyanic 
acid is in pest control, where its poisonous 
action is used against insects on growing plants 
and in various stored products, and against 
rodents and other pests in the fumigation of ships 
and mills, warehouses and other buildings, and 
in quarantine operations. This application was 
first developed by the Agricultural Experiment 
Station of the University of California for the 
fumigation of citrus trees (D. W. Coquillot and 

H. D. Bishop, California Station Bull. 122). 
The acid vapour is applied by erecting a tent 
over the tree and generating the acid inside it. 
The dosage applied must be high enough to kill 
the scale insects within about half an hour, but 
not high enough to cause damage to the foliage. 
Allowance must also be made for loss of fumigant 
by diffusion of the vapour through the tent 
during the period of exposure. Foliage is less 
liable to injury at night than in sunlight, and 
fumigation should not be carried out in damp 
conditions. The safe concentration of hydro¬ 
cyanic acid depends on the kind of tree and on 
the time of the year. The minimum lethal dose 
varies widely for different species of pests, 
green aphis requiring only 2 g. of HCN per 

I , 000 cu. ft. of air space, and red spider up to 
30 g. per 1,000 cu. ft. in greenhouse fumigation. 
The use of hydrocyanic acid in the fumigation 
of ships, warehouses and mills is now well 
established in many parts of the world, and is 
also extending to the treatment of stored 
products. In slum clearance schemes in 


England, hydrocyanic acid is being used for the 
eradication of vermin. 

In early fumigation practice the hydrocyanic 
acid was generated in situ by the addition of 
solid sodium cyanide to a mixture of sulphuric 
acid and water, but since 1917 liquid hydro¬ 
cyanic acid of about 98% strength has been 
marketed in tinned iron drums or steel cylinders 
{see Pelton and Schwarz, Chem. and Met. Eng. 
1919, 20, 165; Carlisle, Ind. Eng. Chem. 1933, 
25, 959; U.S.P. 1352665, 1355384, 1444300, 
15(59171, 1680662). For convenience in apphea- 
tion the acid may be absorbed in granules of 
kieselguhr previously freed from alkaline 
impurities (B.P. 271236, 1926), or in discs of 
wood pulp. As already mentioned under 
Calcium Cyanide, p. 492, powdered calcium 
cyanide may also be used in a moist atmosphere 
for the generation of hydrocyanic acid. 

Hydrocyanic acid readily forms addition 
products; for instance, with hydrochloric acid 
in ethyl acetate solution it gives the compound 
2HCN-3HCI, which has been shown to be 
dichloromethylformamidine hydrochloride, 

HN:CHNHCHCl2,HCl. 

This compound decomposes at 100°C. into 
hydrochloric acid and a volatile substance 
2HCN'HC1, which is ch loro methylene forma- 
midine, HN:CH N:CHCI. The latter com¬ 
pound is also formed when dichloromethyl¬ 
formamidine hydrochloride is treated with 
excess of liquid hydrocyanic acid at 40®C. 
When warmed with quinoline, chloromethylene 
formamidine gives a quantitative yield of 
iminoformyl iaocyanide HN:CH-NC, a dimer 
of hydrocyanic acid (Hinkcl and Dunn, J.C.S. 
1930, 1834), which is a white solid melting at 
85®C. Hinkcl, Ayling and Beynon {ibid. 
1935, 674) have investigated the hydrolysis of 
this compound with cold water to give 
ammonium formate, and its formation of 
insoluble complex compounds with silver 
nitrate, mercuric chloride and aluminium 
chloride. Hydrocyanic acid itself forms a 
compound with aluminium chloride, having the 
composition AICl3'2HCN (Hinkel and Dunn, 
ibid. 1931, 3343), which is stated to be 
identical with the aluminium chloride com¬ 
pound of the dimer. The compound is unstable 
in moist air, and slowly evolves hydrocyanic 
acid in vacuo or on heating to 100°C. 

Hydrocyanic acid is often used for the 
synthesis of a-hydroxy-acids from aldehydes 
and ketones, with which it combines under the 
influence of alkaflne catalysts to give cyan- 
hydrins, which are the nitriles of a-hydroxy- 
acids, e.g.: 

CHgCHO-f HCN -> CH3CH(OH)(CN) 

Acetaldehyde Acetaldehyde cyanhydrin 

CH3 CH(0H)C00H 

Lactic acid 

It is also used for the synthesis of aromatic 
aldehydes by Gattermann’s reaction. 

Constitution of Hydbocyanic Acid.— 
The constitution of hydrocyanic acid is a very 
complex question, and cannot be said to have 
been definitely settled. The behaviour of its 
metallic salts would lead to contradictory 
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conclusions: potassium cyanide reacts with 
esters to give nitriles R*C:N as principal 
product, whereas silver cyanide yields carbyl- 
amines or isocyanides R‘N:C. The force of 
this evidence is in any case considerably reduced 
by the fact that in neither case is the one 
product exclusively formed. Other properties 
point to a difference in structure between the 
alkali cyanides and those of the heavy metals; 
for instance, silver and mercuric cyanides cannot 
bo oxidised by permanganate, whereas potassium 
cyanide gives cyanate. On the other hand, it 
should be remembered that the heavy metal 
cyanides are scarcely ionised at all and their 
reactions are therefore those of the undissociated 
molecules ; the alkali cyanides, on the other 
hand, are very largely ionised, and their reactions 
are those of the ions. For this reason it may be 
concluded that all metallic cyanides have the 
same constitution, and the generally accepted 
one is the wonitrile configuration M*N:C. 
This agrees with their ready formation of stable 
addition compounds, in which they resemble the 
wonitriles and differ from the nitriles. 

Hydrocyanic acid itself may bo tautomeric, 
H-N:C ^ H-C-N, but the weight of evidence 
in this case supports the nitrile formula as being 
at any rate greatly predominating. Like the 
nitriles, hydrocyanic acid is hardly afl'ected by 
dilute mineral acids, from which it may be 
distilled unchanged; the carbylamines or iso- 
nitriles, on the other hand, are violently 
decomposed. With alkalis, hydrocyanic acid is 
readily hydrolysed or decomposed, but oven 
boiling alkalis are without action on wocyanidos 
Its high dielectric constant and marked solvent 
and dissociating powers relate it to the nitriles 
rather than to the carbylamines (Wade, J.C.S. 
1902, 81, 1613). Wade is also of the opinion 
that its physiological properties lend support to 
its configuration as a nitrile, but Nef draws the 
opposite conclusion. Anhydrous hydrocyanic 
acid and the nitriles do not dissolve silver 
cyanide, whereas the wocyanidos dissolve it 
readily. 

VI. CYANOGEN AND ITS DERIVA- 
TIVES. 

Cyanogen, (CNlg, is prepared by heating dry 
mercuric cyanide at a dull red heat, the reaction 
by which Gay-Lussac discovered it in 1815 : 

Hg(CN)2==Hg+ (CN)2 

It may also be prepared by the interaction of 
sodium cyanide and copper sulphate, when 
the first product is a complex cupricyanide, 
NaCu(CN)g, which decomposes on heating to 
give cuprous cyanide, Cu 2 (CN) 2 , and cyanogen. 
A further yield of cyanogen may be obtained by 
treating the cuprous cyanide precipitate with 
ferric chloride solution of sp.gr. 1-26: 

Cu2(CN)2+2FeCl3 

= (CN)2+Cu2Cla+2FeCl2 

By all these methods a part of the cyanogen is 
always polymerised to dark brown, non-volatile 
paraoyanogen. Paracyanogen appears to be 
the stable form at ordinary temperatures, but at 


high temperatures is converted into cyanogen. 
The velocity of the change is very smadl at 
temperatures below 300°C., so that cyanogen 
gas can be kept without change in the cold. 
The polymerisation of cyanogen, and the cata¬ 
lytic effect of glass, quartz, potassium cyanide, 
and sodamido have been studied by Ferret and 
Krawezynski (Bull. Soc. chim. 1932, [iv] 51,622). 

The direct synthesis of cyanogen from its 
elements is not of practical importance but has 
theoretical interest in relation to several 
techm'cal cyanide syntheses. Cyanogen is 
formed when the electric arc bums between 
pure carbon electrodes in an atmosphere of 
nitrogen, though it cannot be detected in the 
gaseous product withdrawn from the arc 
(Wallis, Annalen, 1906, 345, 353). Nemst’s 
heat theorem would indicate that considerable 
quantities of cyanogen exist in equilibrium with 
carbon and nitrogen at the temi)erature of the 
arc: 

Temp. (°C.) . 2,000 2,500 3,000 3,250 

%(CN) 2 in gas at 

equilibrium . 0*01 0*9 17*0 45*0 

and von Wartenberg (Z. anorg. Chem. 1907, 52' 
299) observed a very intense cyanogen spectrum 
in the arc gases, and found that carbon is 
deposited at some distance from the arc. 
Cyanogen is therefore essentially unstable at 
temperatures below 2,500°C., and can only be 
preserved at much lower temperatures on 
account of its slow rate of decomposition. It 
can be detonated by means of mercury fulmin¬ 
ate, and on heating its rate of decomposition 
becomes measurable at 1,200°C. (Berthelot, 
“ Force des Matidres Explosives,” Paris, 1883, 
p. 113). It may be concluded from these figures 
that the direct union of carbon and nitrogen to 
cyanogen can play no part in the formation of 
cyanides by processes operated at ordinary fur¬ 
nace temperatures. On the other hand, it should 
be mentioned that cyanogen is said to be 
produced when nitrogen is passed over iron 
covered with coke at 1,500-1,800°C., and 
Belg. P. 378694, 1931, protects such a process, 
in which nitrogen at 50 atmospheres is heated in 
the presence of reduced iron with compressed 
carbon monoxide. Presumably there is inter¬ 
mediate formation of iron carbide and iron 
nitride. 

Cyanogen is a very poisonous gas which burns 
with a characteristic peach-blossom-coloured 
flame. The liquid has a density of 0*89 at 
13*8°C., boils at —20'7°0. at 1 atmosphere, and 
freezes at — 34-4'^C. Its vapour pressure at 
—22*9° is 701-6 mm., and at -14-4° is 1030-4 ram. 
(Cook and Robinson, J.C.S. 1935, 1001). The 
critical temperature and pressure are 128-3°C. 
and 59-6 atmospheres respectively (Cardoso 
and Baume, Compt. rend. 1910, 151, 141). 
Water dissolves 4-95 volumes of the gas at 
0 °C. At 18°C. and higher the dissolved cyano¬ 
gen is hydrolysed to hydrocyanic acid and 
cyanic acid, the latter being further hydrolysed to 
give carbon dioxide and ammonia (Naumann, 
Z. Elektroohem. 1910, 16, 772), After some 
time the solution deposits dark brown azulmio 
acid, and contains also oxalic acid and urea. 
Cyanogen dissolves in caustic alkalis to give 
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cyanide and cyanate by a reaction analogous 
to those of the halogens ; 

(CN)2+2Na0H-NaCN + NaCN0+H20 

Silver nitrate solution has no action on cyanogen 
which may be separated from a mixture with 
hydrocyanic acid by passing through silver 
nitrate solution to remove the HCN, and may 
be estimated by treatment with caustic soda 
and titrating the cyanide formed (Wallis, 
Annalen, 1906, 345, 353). 

Cyanogen is held to have the nitrile structure 
NjC—C;N, and not the isonitrile structure 
C:N—N:C or a mixed structure NjC — N:C, 
because of its formation by the dehydration of 
ammonium oxalate or oxamide with phosphorus 
pentoxide: 


OCNHa 

I 

OCNH 2 


C^N 

-> I + 2 H 2 O 
C=N 


which shows that the two carbons are linked 
together. 

Cyanogen chloride, CNCI, is prepared by 
the action of chlorine on various metallic 
cyanides. Heavy metal cyanides, such as 
mercuric (SeruUas, 1827) and zinc (Held, 1897) 
may be tised, but the use of aqueous hydro¬ 
cyanic acid, discovered by Berthollet in 1787, 
is now a preferred method. Alkali cyanides are 
not suitable because they react violently with 
cyanogen chloride in any but cold and very 
diluto solutions, giving dark brown amorphous 
products. U.8.}\ 1938324, 1933, however, 

describes the production of cyanogen chloride 
from chlorine and sodium cyanide in a mixture 
of carbon tetrachloride and glacial acetic acid in 
the absence of water. For the preparation from 
aqueous hydrocyanic acid (Price and Green, 
J.S.C.I. 19*20, 89, 98T), a 12-15% solution of 
pure hydrocyanic acid is treated with a stream 
of finely divided chlorine bubbles, obtained by 
injecting the gas through a porous earthenware 
plate at about 40°C. The cyanogen chloride 
distils off as it is formed together with 10-20% 
of hydrocyanic acid. It is purified by retreat¬ 
ment with chlorine, or by shaking with zinc oxide 
to remove the hydrocyanic acid almost com¬ 
pletely as zinc cyanide. Hydrochloric acid in 
the product is removed by distilling the liquid 
over sodium bicarbonate. A technical process 
for the preparation from aqueous hydrocyanic 
acid and chlorine imder pressure is described in 
B.P.347989, 1929. 

Cyanogen chloride is a colourless liquid of 
density 1*193 at 14®C. (Cook and Kobinson, 
J.C.S. 1935, 1001), which solidifies at *~8®C. 
Its vapour pressure at various temperatures was 
measured by Regnault: 


Temp. (®C.) . . -30 -20 -10 0 

Vap. press, (mm.). 68*3 148*2 270*5 441*1 

Temp. (®C.) . .10 20 30 40 

Vap. press, (mm.). 681*9 1001*9 1427*4 1988*0 


Temp. (°C.) . . 50 60 70 

Vap. press, (mm.) . 2719*3 3664*2 4873*2 


Its boiling-point at 760 mm. is 12*66°C. The 
vapour, which is very poisonous, attacks the 
©yes violently. It is slightly soluble in water. 


the cold saturated solution containing 6% of 
CNCI. The heat of formation of the liquid 
from its elements is —26*9 cal. per mol. It is 
stable for an indefinite period when pure, but in 
the presence of hydrochloric acid it polymerises 
to cyanuric chloride, C 3 N 3 CI 3 . Aqueous 
hydrochloric acid (stronger than 2N) hydrolyses 
it thus : 

CNCI + 2H2O-NH4CI+CO2 

Its behaviour towards alkalis is the same as that 
of cyanogen bromide {see below)^ and indicates 
that cyanogen chloride is the acid chloride of 
cyanic acid, CNOH. Hydriodio acid hardly 
attacks it in the cold, and it is without action 
on iron and copper in the cold. 

Cyanogen bromide, CNBr, may be pre¬ 
pared by the action of bromine on a metallic 
cyanide or on hydrocyanic acid. Slotta (Ber. 
1934, 67, [B], 1028) gives details of the action 
of sodium cyanide solution on bromine in a well- 
stirred flask immersed in a freezing-mixture, the 
bromocyanogen being distilled direct from the 
reaction mixture through a layer of calcium 
cliloride into a cooled recicivor. A laboratory 
preparation is also described in “ Organic 
Syntheses,’' 1931, 11, 30). The compound is of 
technical importance because its addition to a 
cyanide; solution causes more rapid dissolution 
of gold (jSulman and Teed, B.P. 18592 of 1894 ; 
J.S.C.I. 1897, 16, 961). It is used in the 
treatment of a few refractory ores, especially 
those in w^hich the gold is associated with 
tellurides, as in \V(\stern Australia. For this 
purpose it is always manufactured at the 
place of use by the action of acidified bromide- 
broraate solution on a concentrated solution of 
sodium cyanide ; other oxidising agents may 
bo used instead of bromate. Since the action of 
bromine on sodium cyanide also produces sodium 
bromide, the addition of a further quantity of 
bromate will yield a further supply of bromine 
and hence of cyanogen bromide; with an 
adequate quantity of bromate, therefore, the 
reaction is (Gopner, Z. angew. Chem. 1901, 14, 
355): 

2NaBr+NaBr03-b3NaCN + 3H2S04 

-3Na2S04+3CNBr-f3H20 

The reaction occurring when gold dissolves in 
bromocyanide solution is as follows : 

2Au + 3NaCN-}-BrCN 

-2NaAu(CN)2+NaBr 

Its effect is thus seen to be due to its character 
as being both a cyanide compound and an 
oxidising agent {see Gold Cyanides, p. 486). 

Cyanogen bromide is a colourless, crystalline 
substance melting at 52°C. and boiling at 61°C. 
Its solubility in water is about 5-6% at the 
ordinary temperature. It is vdry poisonous, and 
has an intensely irritating effect on the mucous 
membrane and the eyes. Like cyanogen 
chloride, the pure substance can be kept without 
change, but traces of bromine or of hj^drobromic 
acid cause its rapid polymerisation to cyanuric 
bromide, CgNgBrg, with simultaneous partial 
decomposition. It is very slowly hydrolysed by 
water to hydrobromic and cyanic acids: 

CNBr+HgO-HCNO-fHBr, 
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the cyanic acid being next hydrolysed to 
ammonia and carbon dioxide. These reactions 
occur instantaneously with caustic alkalis, much 
more slowly with alkali carbonates, and not 
at all with bicarbonates. In connection with 
the bromo-cyanide process of gold extraction, 
it is of interest to note that cyanogen bromide 
slowly reacts with potassium cyanide in aqueous 
solution, giving cyanogen: 

CNBr+KCN-(CN) 24 -KBr 

A 0'l-0'2% CNBr solution is completely 
decomposed in 3-6 hours by KCN solution of 
less than 1% strength. 

In aqueous solution, cyanogen l)romide acts 
as an oxidising agent, converting hydriodic acid 
into iodine, and sulphuretted hydrogen into 
sulphur : 

CNBr+2Hl = HCN+HBr h I 2 

CNBr+HgS-HCN+HBr + S 

In these reactions the bromine behaves like 
hypobrornous acid, which is typical of bromine 
attached tc) nitrogen (Chattaway and Wadmon^, 

d. C.S. 1902, 81, 191), so that the compound must 
bo formulated as an wo-cyanogen derivative, 
C;N-Br, The reaction with potassium iodide 
provides a convenient method for the quantita¬ 
tive estimation of cyanogen bromide. 

Cyan amide, NHgCN, is obtained by the 
action of ammonia on an ethereal solution of 
cyanogen chloride (Clocz and Cannizzaro, 
Compt. rend, 1851, 32, 62), wdien ammonium 
chloride crystallises out and cyanamido is 
recovered from the ethereal solution by evapora¬ 
tion. It is also obtained by the action of 
mercuric oxide on thiourea : 

CSiNHalg+HgO-NHg CN i HgS4 H 2 O 

Several guanidine derivatives yield cyanamich^ 
on boiling with water or alkalis; for example, 
nitroso-guanidine decomposes thus (Thiele, 
Annalen, 1893, 273, 136): 

/NHg /NHg 

C:NH -C’-N 4 N 24 H 2 O 

^NHNO 

Cyanamido is most easily prepared from its 
metallic salts. Disodium cyanamide, NaaNCN, 
is formed by the action of sodamide on carbon 
or on sodium cyanide {see Alkali Metal 
Cyanides, p. 480), or by passing carbon 
dioxide over heaterl sodamide (Geuther, 
Annalen, 1858, 108, 93); 

NaNHo fCOa-NHo COONa 

^NaCNO+H^O 

NaCNO+HaNNa-NagNCN-bHaO 

It is also formed when either sodium cyanate 
or sodium cyanide is fused with sodium 
hydroxide, or when ammonia reacts with 
sodium carbonate at 500-700°C. (G.P. 582625, 
1928). The calcium and barium salts are 
produced by the nitrogenation of the carbides 
{see under Alkaline Earth Cyanides, p. 487), 
and by several other reactions at moderate 
temperatures where cyanide would be expected, 

e. g» from lime and hydrocyanic acid (Franck 
and Bank, Z. anorg. Chem. 1933, 215, 415) 
and by heating the ferrocyanides. They are 


also formed by heating the carbamates or the 
oyanates to redness (Drechsel, J. pr. Chem. 
1877, [ii], 16, 188; 1880, [ii], 21, 77) {see also 
G.P. 591039, 1929): 

Ca(0C0NH2)2-CaN'CN + 2H204-C02 

and Ca( 0 CN) 2 -CaNCN + C 02 

Cyanamide is easily prepared from the 
diaodium salt by neutralising its cold, aqueous 
solution with nitric acid and evaporating to 
dryness in a vacuum; the dry residue is 
oxtra(^ted with ether. According to Liebknecht 
(Angew. Chem. 1932, 45, 584; G.P. 601465, 
1934), it is best to treat the disodium compound 
first with absolute alcohol to produce the mono- 
sodium salt and sodium cthoxido, and then to 
treat the mono-sodium salt with hydrogen 
chloride in ether solution. Werner (J.C.S 
1916, 109, 1325) describes its preparation from 
the readily accessible calcium salt: 100 g. are 
mixed with 125 g. of acetic acid and 120 g. of 
water, the mixture well kneaded and left for 
24 hours, after which the friable mass is 
powdered and extracted with other in a 8oxhlet 
apparatus. The yield is 94-96% of the 
theoretical. 

Cyanamide forms colourless, deliquescent 
crystals molting at 43-44"C. (Colson, J.C.S. 1917, 
111, 555). It is readily soluble in water, alcohol 
and ether, and sparingly soluble in carbon bi- 
j sulphide, benzene and chloroform. On heating 
it polyrnerisoH very readily to dicyanodiamide, 
HgN(C:NH)NH CN, a liquid which boils at 
140”C. under 19 mm. with decomposition to 
melamine. Piiuk and lictherington (Ind. Eng. 
Chem. 1935, 27, 834) produce the dimer in 98% 
yield from concentrated cyanamide solutions on 
heating with small amounts of ammonia. The 
neutral aqueous solution is stable, but poly¬ 
merisation occurs in the presence of either acids 
or alkalis. Tho physico-chemical aspect of the 
process has been studied by Morrell and Burgen 
(J.C.8. 1914,105, 576) and by Grubo and Kruger 
(Z. physikal. Chem. 1914, 86, 65), who find that 
in alkaline solution the reaction takes place 
between undissociated cyanamido molecules 
and cyanamide ions: 

H2CN2+HCN2' H3C2N/ 

Hence tho rate of polymerisation is at a 
maximum in a solution containing one-half 
of its cyanamide in the ionised form, which is 
virtually the case when one-half ecjuivalont of a 
strong base is added to the aqueous solution. 
Weak bases, since their cyanamide salts are 
considerably hydrolysed, have a much smaller 
polymerising action than strong ones. 

The action of acids on cyanamide causes 
polymerisation and hydrolysis (to urea) simul¬ 
taneously. Cyanamido treated with 10-20% 
sulphuric acid at tho ordinary temperatures is 
almost wholly converted into urea, whereas 
near the boiling-point polymerisation pre¬ 
dominates (Carlson, Z. angow. Chem. 1914, 27, 
724). Tho reaction is further complicated by 
the hydrolysis of the dicyanodiamide to di- 
cyanodiamidine, 

H„N{C;NH)NHCN + H 20 

= H2N(C:NH)NHC0NH2, 

a strong base which neutralises the acid. 
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Cyanamide readily forms addition com¬ 
pounds. For example, when dry hydrogen 
chloride is passed into a dry ethereal solution, a 
white crystalline substance having the formula 
H 2 CN 22 HCI is formed (Mulder and Smit, 
Ber. 1874, 7. 1634). 

Cyanamide is an extremely weak acid, the first 
dissociation constant (HgCNa^ H++HCN/) 
being of the order of 10"^^ (Grube and Kriiger, 
Z. physikal. Chem. 1914, 86, 65). The mono¬ 
sodium salt, NaHCNg, crystallises from a solu¬ 
tion of cyanamide in absolute alcohol when 
sodium ethoxide is added (Liebknecht, Angew. 
Chem. 1932, 45, 584); the disodium salt can 
only be prepared by one of the dry fusion 
methods mentioned above. The calcium salt, 
Ca(HCN2)2, can be obtained in solution by 
decomposing ordinary calcium cyanamide with 
water. The silver salt, AggCNg, is obtained 
as a canary-yellow precipitate by adding silver 
nitrate solution to a dilute ammoniacal solution 
of cyanamide ; it is soluble in cold, dilute 
nitric acid. The lead salt is an oraiige-ycUow 
precipitate. 

Although there is some doubt as to the con¬ 
stitution of cyanamide (HgN-C I N or HjjN NiC). 
the balance of evidence is in favour of the 
normal cyanide structure, for cyanamide shows 
many reactions of a normal cyanide or nitrile, 
e.p. reaction with water to give the acid amide 
urea, with sulphuretted hydrogen to give thio¬ 
urea, and with ammonia to give the amidinc 
guanidine, HN:C(NH 2 ) 2 « Its formation from 
cyanogen chloride, to which the isonitrilc struc¬ 
ture is assigned, can bo explained by the inter¬ 
mediate formation of an additive compound 
(Nef): 

HNH,+ C:N CI=,^^>C:NCI 

“ =H2NC:N+HCI 

VII. CYANATKS. 

The cyanates, salts of the acid HCNO, are 
not themselves of technical importance, but 
derive interest from their close relationship 
to the cyanides, from which they are readily 
formed by oxidation, and into which they are J 
converted by reduction. This behaviour is hold 
to support the “ i^ocyanide ” structure for the 
metallic cyanides, since the oxidation to cyanate 
is then represented as a transition from divalent 
to tetravalent carbon: 

NaN:C->NaN:C:0 

In the case of organic derivatives of cyanic acid, 
two series of compounds should exist, the 
normal cyanates R-O-C * N, and the wocyanatos 
R*N:C:0. Only the latter have been isolated, 
however, as the normal cyanates are so unstable 
that they polymerise to trimeric cyanurates as 
soon as they are formed. 

Several reactions in which cyanates are formed 
have already been described, and need only bo 
briefly mentioned here. Cyanates are formed 
by the action of alkalis on cyanogen (p. 603), 
or on cyanogen bromide (p. 604), and by the 
oxidation of cyanides on heating in air (p. 485). 
Ammonium cyanate is produced under certain 


conditions by reaction between carbon monoxide 
and ammonia (p. 494). An interesting synthesis 
of cyanic acid is described by Laude (Compt. 
rend. 1932, 194, 2070), who oxidises carbon 
compounds with potassium permanganate in 
concentrated ammonia solution, using copper 
powder as a catalyst. By using the oxidising 
medium in large excess, he obtained good yields 
of cyanic acid from methanol (34 g. per 100 g.), 
methyl iodide (22 g.), and pinene (16 g.), and 
even greater yields from more complex acids and 
their derivatives. 

The production of cyanates by the reaction of 
carbon dioxide and ammonia with alkalis such as 
caustic soda, sodium carbonate, or even sodium 
sulphide is frequently mentioned in the recent 
patent literature. The pressure synthesis of urea 
from carbon dioxide and ammonia, 

C02+2NH3=C0(NH2)2-f-H20, 
is now an established technical process, and 
from the tautomeric relationship of urea to 
ammonium cyanate, 

C0(NH2)2 ^ NH 4 CNO, 

it is not surprising that, if the s^uithesis is 
carried out in the presence of alkalis at suitable 
temperatures, alJcali cyanates result. Such a 
process is described in B.P. 359559, 1930, the 
working conditions being 60 atmospheres pressure 
and a temperature of 400°C. H. Wittek 
(B.P. 358745, 1930) protects the reaction 
between ammonia-carbon dioxide mixtures and 
alkali oxides in the presence of catalysts such 
as copper, manganese, alumina, and charcoal, 
and in F.P. 731167, 1932, a beneficial effect is 
claimed for the addition to the reaction mixture 
of substances which will diminish or prevent the 
presence of water (which is formed in the 
reaction), such as carbon monoxide which 
reacts with it by the water gas reaction. The 
reaction temperature is generally between 500° 
and 800°C. The toclmical interest in these 
processes lies in the possibility of their being 
utilised as a step towards cyanide production; 
in B.P. 359559, for example, it is stated that 
cyanide results if the reaction product is sub¬ 
sequently heated with hydrogen, and in B.P. 
358745 the addition of carbon to the solid raw 
material is proposed for the same purpose. 

Cyanic acid, HCNO, is prepared by heating 
its polymer cyanuric acid, HjCgNgOj, which is 
itself obtained by the action of water on 
cyanuric bromide, CgNgBPg, the triple polymer 
of cyanogen bromide (p. 604). It may also be 
prepared by warming urea with phosphorus 
pentoxide (Weltzien, Annalen, 1868, 107, 219), 
and condensing the evolved vapour at — 18°C. 
It is a volatile liquid, having a smell resembling 
that of strong acetic acid. It is extremely 
unstable and changes rapidly, even at 0°C., 
into the white amorphous polymeric substance 
cyamelide. Above 0°C. the change is explosively 
violent, and cyanuric acid is also formed. The 
solution in dry ether is comparatively stable, 
but if a small amount of triethyl phosphine is 
added, the triple polymer cyanuric acid is 
formed. The relationship between cyanic acid, 
HCNO, oyaniirio acid, (HC N 0 ) 3 , and cyamelide, 
(HCNO)a:, where x probably equals 3, has been 
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studied by Troost and Hautefeuille (Compt. 
rend. 1868, 67, 1340) and by van’t HoflP and van 
Deventer (‘‘Studies in Chom. Dynamics,” 1896). 
All of these substances yield the same vapour: 
at 160®C. and 50 mm. there is a triple point at 
which the two solid phases cyamelide and 
cyanuric acid co-exist together with the vapour 
phase. Above 160°C. cyanuric acid is the 
stable solid phase, and below 15()°C. cyamelide. 
Cyanic acid is quite unstable (having a higher 
vapour pressure at the same temperature) with 
respect to cyamelide. 

The aqueous solution of cyanic acid is very 
unstable, rapid hydrolysis to ammonia and 
carbon dioxide occurring on warming; 

HCNO+HgO- NH 3 +CO 2 

Ammonium cyanate, NH 4 CNO, is pre¬ 
pared as a white snow by mixing the vapour of 
cyanic acid, well diluted with an inert gas, and 
gaseous ammonia. On warming the solid, or its 
aqueous solution, ammonium cyanate is con¬ 
verted into urea: N H 4 CNO —CO (N Hglg. The 
reversibility of the conversion and its equilibrium 
in aqueous solution have been investigated by 
Walker and Hambly (J.C.S. 1895, 67, 746); 
at 100°C., in N/IO solution, 5% of the cyanate 
remains unconverted at e(juilibrium, and the 
equilibrium is little affected by temperature. 

According to B.l*. 354604, 1930, ammonium 
cyanate may be used as a starting point for the 
preparation of the cyanates of the metals of the 
first two grouj)s of the periodic table, by treating 
it in alcoholic solution or liquid ammonia solution 
at 30-35°C. with the appropriate metallic oxide 
or hydroxide. 

Potassium cyanate, KCNO, is readily 
prepared by grinding together dry potassium 
cyanide and the theoretical quantity of lead 
oxide, and heating the mixture to the melting- 
point of lead : 


Lead cyanate is a crystalline precipitate 
formed when solutions of a lead salt and a 
soluble cyanate are mixed. The dry salt is 
stable, but hydrolyses on boiling with water 
into urea and lead carbonate. 

Sliver cyanate is slightly soluble in cold 
water (0-006 g. per 100 c.c. at 12°C.), but much 
more soluble in hot water. It is readily soluble 
in aqueous ammonia, and sparingly soluble in 
cold dilute nitric acid. 


VIII. THIOCYANATES. 

The thiocyanates or sulphocyanides, the 
sulphur analogues of the cyanates, are not in 
groat demand in commerce, and the fact that 
some synthetic processes for their manufacture 
have at times excited technical interest is due to 
the possibility of converting them into the 
valuable cyanides (^ee Alkali Metal Cyanides, 
p. 480). The commercial requirements of thio¬ 
cyanates are at present completely satisfied by 
the gas works production, and this source could 
easily bo expanded to meet any possible increase 
in the demand. 

Technical Methods of Peeparation.— 
1. From Ammonia and Carbon Disulphide. 
This synthesis was first brought into practical 
operation by Gelis (B.P. 1816 of 1860; see also 
Hofmann, Reports Juries, Intern. Exhib. of 
London 1862, 59). A concentrated solution of 
ammonia and ammonium sulphide was agitated 
with carbon disulphide, yielding a solution of 
ammonium thiocarbonatc, 


(NH4)2SfCS2--^(NH4)2CS3, 

which was then heated to 90-100°C. with 
potassium sulphide: 


2(NH4)2CS3-+K2S 

-2KCNS-f2NH4SH + 3H2 


S 


KCN+PbO-KCNO+Pb 

The salt is re crystallised from water or dilute 
alcohol. J. Milbauor (Z. anorg. Chem. 1904, 42, 
433) observed the conversion of thiocyanate 
into cyanate by the agency of lead oxide at 
300°C.: 

KCNS+ PbO = KCNO+ PbS 

The oxidation of cyanide may also be carried 
out electrolytically, by electrolysing a solution 
containing *4-6 mols. of KCN and 1 mol. of 
KOH per litre at 4-6 volts, and a current 
density of 1-4 amps, per square decimetre of 
anode surface, agitating the liquor at the 
anode (Patemb and Pannain, Gazzetta, 1904, 
84, (ii), 152). The oxidation is almost quantita¬ 
tive. 

Potassium cyanate crystallises in thin trans¬ 
parent plates of sp.gr. 2-05, readily soluble in 
water and anhydrous ammonia, insoluble in 
absolute alcohol. It is fusible below red heat 
without decomposition. 

Sodium cyanate, NaCNO, may be prepared 
by similar methods to those described under 
potassium cyanate. Its solubility in water is 
10*68 g. per ICK) g. of water at 16°C. It fuses 
without decomposition at about 6(X)®C. ' 


Giinzberg and Tcherniac (B.P. 1148 of 1878, 
1359 of 1879, 1261 of 1881) avoided the trouble¬ 
some formation of large quantities of sul¬ 
phuretted hydrogen by heating 20% ammonia 
solution with carbon disulphide at 100®C. 
under pressure in stirred vessels. The reaction 
in this case is (Conroy, J.S.C.I. 1896,15, 8): 

4NH3+CS2=NH4CNS-f(NH4)2S 

The formation of ammonium sulphide increases 
the ammonia consumption and is responsible for 
the pressure developed during the reaction. 
Crowther and Rossiter (B.P. 17846 of 1893), and 
Brock, Hetherington, Hurter and Raschen 
(B.P. 21451 of 1893) overcame both drawbacks 
by adding lime to the charge, when calcium 
thiocyanate and hydrosulphide are formed : 

2NH3-f2CS2+2Ca(OH)2 

=Ca(CNS)2+Ca(SH)2+4H20 

To avoid the formation of calcium thio carbon ate, 
the reaction must be carried out in the presence 
of an excess of ammonia, which is afterwards 
distilled off. The residual mixture is treated 
with carbon dioxide to remove sulphuretted 
hydrogen and to precipitate the equivalent 
calcium carbonate, and the clear solution of 
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calcium thiocyanate used for the preparation of 
the thiocyanates of other metals. 

2, From Cyanamide and Sulphur. —A process 
is disclosed in B.P. 384662, 1931, and 412264, 
1932, for preparing thiourea by heating technical 
calcium cyanamide with sulphur or substances 
containing sulphur, or with sulphides, at 
temperatures up to 160°C., and then heating the 
reaction mixture to about 250X^, w^hon the 
thiourea is converted into thiocyanate and 
ammonia. If salts of the alkali metals are present, 
e.g. potassium sulphate, a solution of potassium 
thiocyanate can be obtained by leaching the 
reaction product. The temperature at which 
cyanamide can be converted into thiocyanate 
is thus much lower than that at which it can be 
converted into cyanide {see. Alkaline Earth 
Cyanides, p. 488), but considering the thio¬ 
cyanate process as a step in a cyanide synthesis, 
it is doubtful whether this advantage of lower 
working temperatures can compensate for the 
further complications involved in converting the 
thiocyanate into cyanide {see Alkali Metal 
Cyanides, p. 480). 

3. From Coal jbisfillation Gases. —Coal distilla¬ 
tion gases are at present the sole source of 
thiocyanates, which are found in spent oxide from 
gas purification, and also in gas liquor and 
ammonia still effluent. 

Spent Oxide may contain 0-10% of 
ammonium thiocyanate, depending on the 
composition of the gas being purified and on the 
conditions under which the oxide mass has 
been regenerated (rapid action with consequent 
rise of temperature favours thiocyanate forma¬ 
tion). The whole of the cyanogen contained in 
the spent oxide can be recovered as calcium 
thiocyanate by heating with milk of lime under 
pressure above lOO^’C. (Marasse, G.P. 28137), 
when the iron cyanide compounds and the free 
sulphur in the mass react to give calcium 
ferrocyanide and calcium sulphite, which then 
react together with more sulphur to give calcium 
thiocyanate and calcium sulphate; the iron 
appears as ferrous sulphide. According to 
HoJbling (Z. angew. Chem. 1897, 10, 162, 297) 
the reaction is only 70% complete, but the 
conversion is improved by using baryta or 
barium sulphide instead of lime, when a mixture 
of barium thiocyanate and barium thiosulphate 
is produced. 

Gas Liquor is virtually a very dilute solution 
of thiocyanate, as is shown by the following 
figures relating to Linder’s analyses of five 
English gas liquors (Chief Inspector of Alkali 
Works, 42nd Rep., 1905, 35): 

Analysis in g.llitre. 

Sample. 1 2 3 4 0 

HCN as ferro¬ 
cyanide . 0 068 0*0 0-576 0-460 0-0 

HCN as thio¬ 
cyanate . 1-688 4-457 1-238 1-029 1-042 

HCN as hydro¬ 
cyanic acid . 0-680 0-0 0-030 0-050 0-355 

The formation of ammonium thiocyanate in 
gas liquor is due to the action of dissolved air on 
the ammonium sulphide in the fresh liquor, 
giving ammonium polysulphides which react 


with the ammonium cyanide present to give 
thiocyanate: 

(NH^lgSg-bNH^CN- N H^CNSh (N H^l^S 

Owing to its great dilution and its alkalinity 
(due to ammonia), this solution is unsuitable for 
the economic recovery of thiocyanate. The 
liquor is instead distilled in ammonia stills, and 
the gases (ammonia, carbon dioxide, sulphuretted 
hydrogen and some hydrocyanic acid) evolved 
are passed into sulphuric acid for the production 
of ammonium sulphate. The waste liquor from 
the stills contains about 0-15% of thiocyanate 
in the form of the calcium salt, which is best 
recovered as the cuprous salt by treating tlm 
acidified liquor with copper sulphate and a 
reducing agent such as sulphur dioxide (Parker 
and Robinson, B.P. 2383 of 1889), or by 
treating the liquor (after removing excess of 
calcium hydroxide with carbon dioxide) with 
freshlv precipitated cuprous oxide (B.P. 11964 
of 1893). 

Formation of Thiocyanate directly from 
Coal Gas. —The hydrocyanic acid present in 
coal gas can be quantitatively fixed as thio¬ 
cyanate under suitable conditions. The 
necessary sulphur for the reaction can be 
provided by scrubbing the gas with a sodium 
polysulphide solution (Marriott, B.P. 3311 of 
1877), or with a suspension of manganese 
dioxide in water, which produces suli)hur by 
oxidising sulphuretted hydrogen in the gas 
(Campbell and Boyd, B‘.P. 10186 of 1888). 
H. Wood Smith, Gidden, Salamon and Albright 
(B.P. 13653 of 1901) proposed simply to scrub 
the gas with an aqueous suspension of sulphur, 
obtaining a solution containing up to 200 g. 
of ammonium thiocyanate per litre. This pro¬ 
cess is in operation at several gas works. In 
the process described by A. E. Broad berry 
(J. Gas Lighting, 1912, 31; B.P. 23624 of 
1909) the sulphur is provided by spent oxide, 
which is charged into an ordinary purifier box 
and continually sprayed with water to keep it 
moist, while the gases pass upwards through it. 
The reactions are; 

H 2 S-H 2 NH 3 -I S-=(NH4)2S2 

i (NH4)2S2+HCN-hNH3 

-(NH^l^S-f NH4CNS 

In order to prevent water-logging, the direction 
of the gas flow is changed at intervals, and the 
spent oxide charge is removed after 6-8 weeks. 
The capacity of a 20 ft. by 20 ft. purifier box 
containing a 2 ft. layer of spent oxide is 3-5X 10® 
cu. ft. of gas per day, and 3-5 lb. of ammonium 
thiocyanate are obtained per ton of coal, in the 
form of a 26% solution. 

Properties of the Thiocyanates.— Am¬ 
monium thiocyanate, NH 4 CNS^ crystallises 
in anhydrous, colourless leaflets of sp.gr. 1-3 
and melting-point 169°C. 100 g. of water dissolve 
122 g. of the salt at 0°C. and 162 g. at 20°C. 
It is readily soluble in alcohol. The fused salt 
above its melting-point is partly converted into 
the isomeric thiourea. At 220°C., decomposition 
into the volatile products ammonia, sulphuretted 
hydrogen and carbon bisulphide occurs, and 
guanidine thiocyanate remains behind. 
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Potassium thiocyanate, KCNS, crystal¬ 
lises in anhydrous, striated y)ri8m8 or needles 
of 8p.gr. 1-9 and melting-point 172-3°G. It is 
deliquescent and very soluble in water: 

Temp. (®C.) ... 0 20 25 

Solubility (g./lOO g.) . 177-2 217 239 

It is also soluble in anhydrous ammonia, and in 
various organic liquids as follows : 

Solubilities (g./lOO g. of solvent). 
Acetone 20-8 at 22° 20-4 at 58" 

Ethyl 

acetate 0-44 at 0" 0-4 at 14° 0-2 at 79° 

Amyl 

alcohol 018 at 13° 2-14 at 100° 

Pyridine 6-76 at 0° 4-97 at 58° 3-21 at 115° 

The fused salt becomes deep blue at 430°C., 
probably duo to the liberation of 8 ul 7 )hur. 

Thiocyanogen, (CNS) 2 , is obtained by the 
action of a solution of a halogen in an anhydrous 
solvent on a metallic thiocyanate ; for instance, 
from a dry ethereal solution of bromine cooled 
to 0°0. and lead thiocyanate. On cooling an 
approximately A^/2 solution of thiocyanogen 
in carbon bisulphide to —70°C., almost colourless 
crystals melting at —3° to — 2°C. are obtained, 
which decompose at the ordinary temperature. 
The chemical behaviour of thiocyanogen is 
similar to that of the halogens: its ek^etro* 
negative character is at least equal to that of 
iodine. The molecule is believed to contain two 
thiocyanogen radicles, and to have the con¬ 
stitution N|C-S-S-CiN (Soderback, Annalen, 
1919, 419, 217). A standard solution is used for 
determining the thiocyanogen values of fats ; 
with compounds containing one double bond 
they resemble the iodine numbers, but only one 
double bond in linoleic acid is attacked. The 
method has been used for finding the composi¬ 
tion of natural oils (Preudenberg, Arch. Pharm, 
1925, 263, 675; Z. Unters Lebensm. 1926, 61, 
15). 

Uses of Thiocyanates. —Thiocyanates do 
not find large-scale application in technical 
industry, the annual world output being 
estimated at 150 tons (Chem. Trade J. 1936, 
98, 434). The aluminium and tin salts have 
been used in the dyeing and printing industry 
to a small extent, and the yellow compound 
canarin, (g'.v.) obtained by oxidising potas¬ 
sium thiocyanate with a strong oxidising agent 
such as chlorate and h 3 "drochloric acid, has been 
used as a yellow dye for wool. Ammonium 
thiocyanate is used as a fixing agent in photo¬ 
graphy. 

Thiocyanates arc plant poisons, and their use 
(especially in the form of the ammonium salt) 
as weed-killers has been proposed (see Chem. 
Trade J. 1936, 98, 498). Erankland and 
Silvester (J.S.C.I. 1907, 26, 231) investigated 
the germicidal properties of thiocyanates. They 
found that goldfish were not affected in 24 hours 
by concentrations of up to 260 parts per 100,000 
of thiocyanate in the form of the potassium 
salt, but that as little as 10 parts per 100,000 
were sufficient to control Bacillus coU communis. 
Thiocyanates are present in the animal organism, 
in the human sahva, gastric juice, conjunctiva 
secretion and urine. 


Organic thiocyanates have been proposed as 
insecticides (U.8.P. 1841458, 1932 ; Murphy 
and Peet, J. Econ. Entomol. 1932, 25, 123; 
Hartzell and Wilcoxon, 13. 1936, 612). 

Analytical. 

The methods of analysis described here are 
those commonly employed in technical labora¬ 
tories. For further details, an analytical 
textbook or a work on technical analysis should 
be consulted. 

The Detection of (>yanide Compounds is based 
chiefly on two characteristic, deeply coloured 
cyanide derivatives, namely Prussian blue and 
the red ferric thiocyanate. The Prussian blue 
reaction is given directly by ferrocyanides when 
their neutral or acid solutions are treated with 
ferric salt solutions, a blue precipitate or a blue 
coloration due to ferric ferrocyanide being 
produced. The reaction may be applied to 
simple cyanide solutions (after evaporating them 
down to small bulk with a little alkali if they are 
very dilute) by treating them with ferrous sul- 
})hate solution to form ferrocyanide, and then 
producing Prussian blue by adding ferric salt 
solution, or better by adding an oxidising agent 
such as nitric acid to convert the excess of ferrous 
salt into ferric salt, with the same result. The 
latter procedure is stated to give quicker pre¬ 
cipitation of Prussian blue, and greater sen¬ 
sitivity (Vorlander, Kcr. 1913. 46, 181). Ver- 
hoever and Johns (,J. Amcr. Chem. 8oc. 1915, 

37, 601) give details of a method of this kind. 
The dilute cyanide solution is evaporated, 
after the addition of a little sodium hydroxide, 
in vacuo at a temperature below 70°C. to a 
volume of 1 ml., 0-2 ml. of 3% FeS 04 
0-05 g. of KF are added, and after 10 minutes a 
small ex(5ess of 30% HNO,. The blue colour is 
compared wth that produced by a known 
quantity of KCN under similar conditions. For 
a similar method Kolthoff (Z. anal. Chem. 1919, 
57, 1) claims a sensitivity of 2 mg. CN per litre. 

A deep red coloration due to ferric thio¬ 
cyanate is produced when a ferric salt is added 
to a neutral or acid thiocyanate solution. In 
the case of very dilute solutions, it is advan¬ 
tageous to shako tho treated solution with a 
small quantity of ether to extract the ferric 
thiocyanate from the water. This test can be 
applied to cj^anides by converting them into 
thiocyanates by means of ammonium poly¬ 
sulphide solution and can be made quantitative 
by matching the coloration produced with 
that of a standard thiocyanate solution. 
Johnson’s method (J. Amor. Chem. Soc. 1916, 

38, 1 230) is as follows: an H C N solution con¬ 
taining 0-1-8 mg. of HCN is made alkaline with 
KOH, treated with 1 ml. of ammonium 
poly sulphide solution, and evaporated to dryness ; 
the residue is extracted with acetone, which 
dissolves only the KCNS, and the acetone 
removed by evaporation; the residue is dissolved 
in water and treated with 2 ml. of 0-5% FeClj, 
tho colour being matched by means of a standard 
thiocyanate solution. Castiglioni (Gazzetta, 
1933, 68, 171) treats the aqueous cyanide 
solution with sulphur dissolved in acetone and 
claims a sensitivity of 1 in 50,000. 
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Another sensitive colour test for cyanides is 
the sodium picrate test, which gives a reddish- 
violet coloration depending on the formation of 
sodium i<9opurpurate when the cyanide is in 
excess, and of amino-nitrophenols when picrate 
is in excess (A. C. Chapman, Analyst, 1910, 35, 
469). The liquid to be tested is mixed with an 
equal volume of a solution containing 0-05% 
picric acid and 0*5% NagCOs, digested at 
40°C. for 1 hour. The colour is compared with 
that produced by a standard HCN solution, 
and the sensitivity is 1 part of HCN in 600,000 
of water (Waller, Proc. Roy. Soc. 1910, 82, B, 
674). 

Several colour tests have been proposed for 
the detection of minute concentrations of HCN 
in the atmosphere of ships and buildings after 
fumigation. In the benzidine-copper acetate 
test (Pertusi and Gastaldi, Chom.-Ztg. 1913, 37, 
609; Hamer, J. Roy. Sanit. Inst. 1933, 53, 
663), the cyanogen formed by the action of HCN 
on cupric acetate oxidises benzidine to a blue 
substance. The test is carried out by dipping a 
filter paper into a mixture of equal volumes 
of a 0*3% solution of copper acetate and a 0*1% 
solution of benzidine acetate, draining surplus 
solution from the paper and introducing the 
damp paper into the atmosphere to be tested. 
HCN concentrations of 0*002% and higher are 
readily detected, a blue coloration being 
developed in 10 seconds, but the rapid action 
makes it difficult to estimate the actual con¬ 
centration. In the mercuric chloride test, the 
action of HCN on HgCl 2 to give non-ionised 
Hg(CN)2 and HCl is detected by having present 
an indicator with a well-marked colour change in 
the appropriate range, e.g. methyl orange 
(Sherrard, Public Health Reports, Reprint 
No. 1224, 1928, Treasury Dept., U.S. Public 
Health Service). The methyl orange-mercuric 
chloride test is much slower than the benzidine 
copper acetate test, and is therefore better 
adapted to the estimation of actual HCN 
concentrations. 

Cyanates are best characterised by the deep 
blue potassium cobalt cyanate, obtained by 
adding potassium and cobalt salt solutions to 
the cyanate solution made acid vdth acetic 
acid. Cyanide must be removed before the 
cobalt solution is added. 

The nitroprussides give a deep violet colora¬ 
tion with alkali sulphides. The colour is 
obscured if heavy metals which form dark- 
coloured sulphides have not been previously 
removed from the solution. 

Analysis of Alkali Cyanides .—Sodium and 
potassium cyanides are hygroscopic when cold, 
so that care is necessary in taking samples 
for analysis. The samples should be transferred 
immediately and without touching them with 
the hands to a hot iron mortar, coarsely crushed, 
and transferred to a well dried hot bottle, 
preferably fitted with a lightly greased glass 
stopper. Errors duo to absorption of moisture 
in sampling occur very easily, and may be more 
serious than inaccuracies in testing. 

The Estimation of Cyanogen is carried out by a 
modified Liebig’s method. 6 g. of the sample are 
weighed out and made up to 600 ml., and 25 
ml. of this solution, diluted to 200-300 ml.. 


are titrated with pure silver nitrate solution 
until a faint turbidity is visible. The reaction is 

2NaCN + AgN 03 -NaN 03 -f NaAg(CN) 2 , 

and when this is completed, the further addition 
of silver nitrate leads to the precipitation of 
j silver cyanide, thus : 

[ NaAg(CN)2H AgN 03 -NaN 03 + 2 AgCN 

I The silver nitrate solution must bo neutral and 
free from lead and zinc. It is standardised by 
[ means of a solution of pure sodium chloride 
(dried by heating to redness before weighing), 
using pure potassium chromate as indicator. 
In impure solutions of cyanides, the end point is 
more easily observed if a little caustic soda and a 
few drops of 10% Kl solution are added before 
running in the silver nitrate solution. WeJIings 
(Analyst, 1933, 58, 331) suggests the use 
of diphenyl carbazido as an absorption indicator, 
the end point being marked by a colour change 
from pink to violet. Sulphides interfere with 
the teat, but they are easily removed by shaking 
the solution with a little lead carbonate and 
filtration. The usual strength of silver nitrate 
solution is iV^/10, of which 1 ml. is equivalent to 
0*0098 g. NaCN. For very dilute cyanide 
solutions, NjlOO silver nitrate may be used. 

Sulphide is generally estimated by Ewan’s 
method (J.S.C.I. 1909, 28, 10; see also Rossiter, 
J.S.C.L 1911, 30, 583). 10 g. of the finely 
powdered sample are dissolved in 15 ml. of 
ordinary water and a load nitrate solution 
containing 2*4 g. per litre is run in gradually. 
The mixture is stirred to coagulate the coUoidal 
lead sulphide into brown flocks, and the addition 
of lead nitrate continued until a drop of the 
liquid placed on a filter paper produces no dark 
coloration with a drop of lead nitrate solution. 
The results obtained are low, but for small 
sulphide contents are made sufficiently accurate 
by taking 1 mol. of the standard load nitrate 
solution as equivalent to 0*0007 g. Na 2 S {i.e. 
by multiplying the theoretical result by 1*26). 
The alternative method of sulphide estimation 
is by precipitating PbS by means of lead 
carbonate and oxidising the precipitate with 
boiling nitric acid to PbSO^, which is washed 
and weighed. 

Water is estimated by weighing out about 1 g. 
of the coarsely powdered sample into a small 
distilling flask (10-20 ml.), which is then 
evacuated by a good water pump or by a 
mercury pump. The flask is then gently warmed, 
finally to 200-300°C., when the whole of the 
moisture is expelled in a few minutes without 
appreciable decomposition of the cyanide. 

Carbonate is conveniently estimated by pre¬ 
cipitating a suitable portion of the solution with 
barium chloride in the cold (to avoid decom¬ 
position of any cyanate which may be present). 
The precipitate is washed and titrated, together 
with the paper, with hydrochloric acid and 
methyl orange. 

Hydroxide may be estimated by a modification 
of Ciennell’s method (Chem. News, 1895, 71, 93). 
To 100 ml. of the solution, standard AgNOg 
solution is added to give a permanent turbidity, 
excess of Ba(N 03)2 is then added to pre¬ 
cipitate the carbonate, which is filtered off and 
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washed with COo-free distilled water, the 
washings being added to the filtrate. The 
filtrate is then titrated with standard acid and 
phenolphthalein. 

The Estimation of Chloride is carried ont after 
removing cyanide from the solution by neutralis¬ 
ing it with dilute nitric acid, using methyl 
orange, and boiling for about 1 hour in a 
draught cupboard. This treatment also decom¬ 
poses any cyanate present. The chloride re¬ 
maining is then precipitated by a known excess 
of standard AgNOg solution, the AgCI filtered 
off and the excess of silver back-titrated with 
ammonium thiocyanate and iron alum in the 
usual way. If ferrocyanide is present, it may be 
precipitated with excess of AgNOg in ammonia- 
oal solution ; on acidifying the filtrate with nitric 
acid, AgCI is precipitated and may be weighed. 

Cyanamide in the presence of alkali cyanides is 
readily estimated by exactly neutralising the 
solution of 1 g. of the substance in 100-150 ml. 
of water with nitric acid, and boiling for 20 
minutes to expel HCN. After cooling, a few 
drops of ammonia and then an excess of AgNOg 
are added. The can ary-yellow precipitate of 
silver cyanamide is filtered off and dissolved in 
cold dilute nitric acid, when a small residue of 
undissolved AgCN is usually left. The silver in 
the solution is then titrated against ammonium 
thiocyanate with ferric alum indicator. 

This method may be used for cyanamide in 
the absence of cyanide, when the expulsion of 
HCN by means of nitric acid may be omitted. 
For substances rich in cyanamide, it is better to 
estimate the nitrogen content of the silver 
cyanamide precipitate by Kjcldahl’s method, 
for although it contains all the cyanamide nitro¬ 
gen, the precipitate in this case is not pure 
AggCNj (Caro, Z. angew. Chem. 1910, 23, 2405). 

Cyanate is estimated by acidifying the solution 
with nitric acid and boiling for at least 20 
minutes in a draught cupboard. The cyanide is 
thereby expelled as HC N, and the cyanate is con¬ 
verted into ammonium nitrate and carbon dioxide: 

HCNO+HNOg+HaO^NH^NOg+COj 

After cooling, the solution is boiled with excess 
of caustic soda and the ammonia evolved is 
absorbed in a known excess of standard acid 
and estimated in the usual way. If cyanamide is 
present, some ammonia originates from it during 
the boiling with caustic soda, and in this case 
Ewan (J.B.C.I. 1904, 23, 244) suggests that the 
CO 2 evolved when the sample is boiled with 
acid should be collected and measured in order 
to estimate the cyanate. 

Analysis of Ferrocyanides. —The most con¬ 
venient method of ferrocyanide estimation is by 
titration with a standard zinc sulphate solution. 
A precipitate containing zinc ferrocyanide 
is obtained, and the titration is continued until a 
drop of the solution no longer gives a blue colour 
with a drop of ferric solution. The procedure is 
as follows : a solution containing 10-2 g. of 
Zn804*7 HaO and 10 ml. of concentrated 
sulphuric acid per litre is standardised against a 
solution of pure potassium ferrocyanide (10 g. 
K4Fe(CN)g‘3H20 per litre), 25 ml. of which 
is mixed with 26 ml. of a saturated solution of 
KgS 04 , 25 ml. of water and 10 ml. of 10% 


sulphuric acid. Equal volumes of the standard 
zinc and ferrocyanide solutions are required, 
and the precipitate has the composition 
Zn 3 K 2 [Fe(CN)Q ]2 (Meurice, Arm. Chim. 
Analyt. 1913, 18, 342). Subsequent titrations 
should be made as nearly as possible under 
the same conditions. The addition of an excess 
of potassium sulphate is made with the object 
of eliminating variations in the composition of 
the precipitate and thus in the quantity of zinc 
solution required, depending on the nature of 
the metal in the ferrocyanide used (Colman, 
Analyst, 1908, 33, 201; J.S.O.l. 1908, 27, 806; 
see also Treadwell and Chervet, Helv. Chim. 
Acta, 1923, 6, 559). 

Feld’s mercuric cyanide method (J. fiir 
Gasbelcuchtung, 1903, 46, 565; J.S.C.I. 1903, 
22, 1068) is more accurate. Ferrocyanide 

equivalent to 0-3-0-5 g. of yellow prussiate is 
boiled with 10 ml. of A-NaOH and 15 ml. 
of SAf-MgClg solution (285 g. MgClg per 
litre). The boiling is continued for 10 minutes 
to expel any cyanide completely as HCN, after 
which 100 ml. of boiling A 710 -HgCl 2 solution 
are run in, and the boiling continued for 10 
minutes to convert the ferrocyanide into 
mercuric cyanide. The mixture is then distilled 
for 30 minutes with 30 ml. of 3 iV'-HgS 04 , 
the HCN evolved being absorbed in caustic 
soda and the cyanide in the resulting solution 
titrated with AgNOg, using Kl as indicator. 
Williams (J.S.C.L 1912, 31, 468) avoids the 
conversion of ferrocyanide into mercuric cyanide 
by making use of the catalytic action of cuprous 
chloride, 0 05-0-10 g. of the pure compound 
dissolved in HCl being added to the ferrocyanide 
solution after expelling HCN by boiling with 
MgClg (as above) or with Pb(N 03 ) 2 , 
also removes sulphide. On boiling the mixture 
for 30 minutes, the CN of the ferrocyanide is 
quantitatively removed as HCN. 

Analysis of Thiocyanates. —Volhard’s method, 
namely, the precipitation of insoluble silver 
thiocyanate by the addition of AgNOg to a 
thiocyanate solution winch is neutral or acid 
with nitric acid, is used. The end point is 
determined bj^ adding a small amount of a ferric 
salt to the solution before titrating, the dis¬ 
appearance of the rod colour duo to ferric thio¬ 
cyanate indicating that the precipitation of the 
thiocyanate as silver salt is complete. A 
quantity of the solution containing about 0-25 g. 
of thiocyanate is diluted to 100-160 ml. 
with distilled water, acidified with 10 ml. of 
dilute HNOg, and 5 ml, of a 10% Fe(N 03)3 
solution are added. The mixture is titrated with 
AT/IO- AgNOg solution. In analysing a gas 
works product for thiocyanate, ferrocyanide is 
first removed by slightly acidifying the solution 
and adding ferric alum. The filtrate is treated 
with acid sodium sulphite in excess, then with 
copper sulphate, and is boiled for a few minutes. 
The precipitate of cuprous thiocyanate, which 
may be mixed with copper sulphide, is filtered 
off, washed with boiling water, and digested 
with excess of caustic soda. Cuprous hydroxide 
and sodium thiocyanate solution are formed, the 
latter being separated by filtration and titrated 
by Volhard’s method above. 

Analysis of Gas Works Products. —Cyanide 



612 


CYANIDES. 


and ferrocyanide in gas purification masses are 
determined by triturating 30-40 g. of the 
material in a mortar with excess of cold caustic 
soda solution for several hours. A little 
FeS 04 may be added to convert cyanide into 
ferrocyanide. The filtrate is treated with 4-6 
times its volume of methylated spirit, whi(!h 
precipitates all the sodium ferrocyanide present 
but retains carbonyl ferrocyanide {se^ p. 477), 
tliiocyanate, sulphide, and excess of caustic 
soda in solution. The precipitate is then 
treated as described above (Colman, Analyst, 
1908, 38, 261; J.S.C.I. 1908, 27, 806; Skirrow, 
J.S.C.I. 1910, 29, 319). 

The small quantities of cyanogen compounds 
in concentrated ammonia liquor may be 
estimated bj^ converting them into ferric thio¬ 
cyanate and measuring the depth of colour by 
means of a tintometer (Spielmann and H. Wood, 
J.S.C.I. 1919, 38, 43T, 369T). Thiocyanate 
initially present is first estimated by acidifying 
the diluted sample with H 2 SO 4 in the cold, and 
removing ferrocyanide by means of a small 
excess of iron alum ; a large excess of iron alum 
is then added to the filtrate, which is examined 
in the tintometer. Cyanide is next converted 
into thiocyanate by digestion at 30-3r)'^C. j 
with ammonium polysulphide solution, ami a 
second estimation of the depth of colour is made. 
Thiocarbonate is converted into thiocyanate by 
digestion at 70-75'^C, for 45 minutes with NH 3 , 
cyanide and ferrocyanide being unatTected. 

The HCN content of coal gas is generally 
determined by treating the gas with ainmoniuin 
polysulphido solution, when thiocyanic acid, 
HCNS, is formed and can be estimated as thio¬ 
cyanate {see Voituret, BrennstofF-Chem. 1932, 
13, 264; Pieters and Fenners, Het Gas, 1932, 
52, 382). Alternatively the gas may be washecl 
with a mixture of caustic soda, ferrous sulphate, 
and water (as in a cyanide washer) to obtain 
the HCN in the form of ferrocyanide, which 
can be estimated by the mercuric cyanide 
method already described. An account of 
different methods for the determination of HCN 
in coal gas is given bv Brender k Brandis and 
Bolilken, Het Gas, 1933, 53, 194, 

G. E. W. 

CYANIDIN is the most common and widely 
distributed of the anthucyan pigments of plants, 
and occurs naturally in the form of various 
glycosides. 

It was first isolated by Wills tatter and 
Everest (Annalen, 1913, 401, 189) from the blue 
cornflower pigment cyanin^ and may be obtained 
•by hydrolysis of this or any other of its naturally 
occurring glycosides, or from its methyl ether, 
peonidin, by demethylation. Glucoside-pig- 
ments derived from cyanidin have been isolated 
from, or detected in, the flowers of blue and deep 
purple cornflowers, Rosa gallica, peony, chry¬ 
santhemum, dahlia (deep red), aster, poppy, 
Zinnia eleganSy gladiolas (hybrid), Oaillardia 
bicoloTy Helenium autumnale, Tulipa Oesnerianay 
Tropoeolum maiuSy and in the fruits, or berries, 
of the sweet cherry, sloe, cranberry, red currant, 
raspberry and mountain ash. In some cases 
they are accompanied by derivatives of other 
anthocyanidins {see various papers by Willstatter 
and his collaborators). 


Apart from the qualitative identification of 
cyanadin glycosides in nearly two hundred 
different flowers and fruit by G. and H. 
Robinson (Biochem. J. 1931, 25, 1687; 1932, 
26, 1647 ; 1934, 28, 1712), more recent isolation 
and analysis of cyanidin pigments includes that 
from the crimson antirrhinum by Scott-MoncrielF 
(Biochem. J. 1930, 24, 753), elderberry skins and 
flowering currant by Nolan and Casey (Proc. 
Roy. Irish Acad. 19*31, 40B, 56; 1936, 43B, 1), 
American cranberries by Grove and Robinson 
(Biochem. J. 1931, 25, 1706), blackberries by 
Karrer and Pieper (Helv. Chim. Acta, 1930,13, 
1067), violet-coloured radishes by Schudel 
(Dissertation, Zurich, 1918), shiso leaves by 
Chika Kuroda and Mizu Wada (Proc. Imp. 
Acad. Tokyo, 1935, 11, 28), maize by Sando, 
Milner, and Sherman (*1. Biol. Chem. 1935, 109, 
203), and hibiscus by Yamamoto and Oshima 
(Sci. Papers Inst. Phys. Chem. Research, 
Tokyo, 1932, 19, 134). 

The natural glycosides of cyanidin already 
known are the 3-glu(!osides chrysantkeminy 
etc., the 3-gaIacto8ido idaein the 3-digluco- 
side mekocyanitiy the 3-rhamnoglucosides kera- 
cyanin, antirrhininy etc., the 3:6-diglucoside 
cyaniUy the 3-pentoside hibisduy and the bi- 
molecular glu coside and pentosido samhucu 
cyanin. Acylated glycosides also occur. 

Cyanidin chloride, Cjr^HuOgCI, 3:5:7- 
trihydroxy - 2 - ?«:p-dihydroxyphenyl -1:4- benzo- 
pyranol-anhydrochloride crystallises readily 
from 20% HCI when its pure glucosides are 
hydrolysed by boiling with this reagent for 3 
minutes ; the crystals, long red-brown needles 
with metallic lustre, contain 1 HgO, which is 
very difficult to remove, (u>mpleto drying being 
only obtained at 105°(1 in high vacuum. The 
anhydrous salt does not melt below 300*^0.; 
if dried at fiO'^^C. it melts at once if dipped into a 
bath at 220°C\, but docs not melt if put in at 
200°C. and the temperature then gradually 
raised. It is very soluble in methyl or ethyl 
alcohol; fairly soluble in dilute sul])huric acid ; 
difficultly soluble in HCI. Neutral alcoholic or 
a(jueou 8 solutions lose their colour on standing 
owing to p.-jeado-base formation, aiids reproduce 
colour, slowly if (sold, rapidly if warm. The 
absorption 8 })ectrum shows one broad band with 
ill-defined edges. 

Cyanidin colour base separates in crystalline 
(!t)ndition when a hot concentrated solution of 
the chloride in alcohol is mixed with twice its 
volume of water {cf. Willstatter and Nolan, 
Annalen, 1915, 408, 13). It is fairly soluble 
in ah'ohol or pyridine. 

Cyanidin pseudo base, Ci.Hi 207 , crystal¬ 
lises with 1 HgO when a dilute solution of 
the chloride in alcohol is mixed with twice its 
volume of water, warmed gently, then, after it 
has become colourless, evaporated in vacuOy ex¬ 
tracted with ether, and the product crystallised 
from water. Readily soluble in water, alcohol, 
acetone or glacial acetic acid, it is insoluble in 
benzene ; with soda it gives a yellow coloration, 
with HCI cyanidin chloride is formed and 
crystallises out. When decomposed by means 
of fused alkali, protocatechuic acid and phloro- 
glucinol are produced. 

Cyanidin chloride dyes wool (tin mordant) 
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bluC‘Violet, cotton (tannined) violet, and unmor¬ 
danted wool fine rose (Willstatter and Mallison). 

Qualitative analytical tests for cyanidin 
include the reddish-violet colour of its amyl 
alcohol solutions on shaking with sodium 
acetate, turning to a pure blue with a drop of 
ferricj chloride, the iru'onijdetc extraction by the 
“ cyanidin reagent ” and “ delphinidin re¬ 
agent,” the moderate resistance to oxidation in 
alkaline solution, and the coinj)lete precipita¬ 
tion from anwl alcohol by 5-G volumes of 
benzene, (-yanidin can also fx? identified by 
the Bpecifi(! colour reactions of its various 
glycosides (G. Kobinson and K. Kobinson, ibid.). 

Many ditferent syntliescs of cyanidin have 
now faaui carried out, and theses confirm the 
striH'ture of the chloride which was first put 



forward by Willstiitter and Everest. The 
claims of Nierenstein and Malkin (Her. 1028, 
61, 11, 791 ; J. Amer. Ghem. Soc. 1930, 52, 2864) 
that natural cyanidin (ddoride is not correctly 
rei)rescnted by this accepted formula, have luarn 
dealt with by Kobinson and Kobertson (J.C.8. 
1928, 1503), Robinson ((diem. Age, 1928, 19, 337), 
Willstalter and Kobinson (Her. 1928, 61, [B], 
2504), Kuhn-Jauregg {ibid. 2500). 

The first synthesis w'as carried out by reduction 
of the rclatcid flavonol qucrcx'tin by Everest 
(Kroc. Roy. Soc. 1914, 87, B, 444; 1914, 88, B, 
326) and by Willstatter and Mallison (Sitzungs- 
ber. Preuss. Akad. WisvS. Berlin, 1914, 769). More 
recently Asahina and Inubuse, using sodium 
amalgam in alkaline solution, have obtained 
cjT^anidin by the reduction of rutin (3-rharano- 
glucoside of quercetin) and also, with more 
difficulty, of quercetin itself (Ber. 1931, 64, B, 
1256). Karrer, Yeu, and Keichstein (Hclv. 
Chim. Acta, 1930, 13, 1308) have obtained small 
yields, using titanium trichloride as a reducing 
agent. Anthocyanidins have also been ob¬ 
tained from flavones by Kaoru Kondo and 
Hisao Segawa (J. Pharm. Soc. Japan, 1932, 52, 
353, 358). 

Willstatter, Zechmeister and Kindler (Ber. 
1924, 57, [B], 1938) synthesised (yanidin chloride 
using trirnetlioxycouraarin, and magnesium 
3:4-dimethoxyphenyl iodide, and Kobinson 
and his collaborators have also synthesised it by 
various methods, the most satisfactory (J.C.S. 
1928, 1526) involving the use of O-benzo}!- 
pbloroglucinaldchyde. 

Appel and Kobinson (J.C.S. 1935, 426) have 
obtained pure cyanidin chloride by oxidation of 
tetramethyl-6^-catcchin by treatment with 
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bromine followed by dernethylation with 
hydriodic acid and phenol. Ereudenberg, 
Fiktintscher, Harder, and Schmidt (Aimalen, 
1925, 444, 135), on the other hand, have 
obtained small yields of dZ-cpicatechin from 
cyanidin. 

The investigations bv G. and K. Kobinson 
(Biochem. J. 1933, 27, 206 ; 1934, 28, 1712) on 
the existence and occurrence of leuco-antho- 
cyanins show that the greater proportion give 
cyanidin chloride on treatment with hot hydro¬ 
chloric aci<l. 

In the case of such natural substances as the 
anthoxanthins (flavones and flavonols), tannins, 
catechins, and leuco-anthocyanins, as well as 
the anthocyanins, the 3':4'-(liliydroxy grouping 
is by far the most common, a fact which affords 
a more reasonable explanation for the co-pro¬ 
duction of glycosides of cyanidin and the 
related flavonol quercetin in rose, wallflower 
and maize than the suggestion of Everest (Proc. 
Koy. Soc. B, 1918, 90, 251) and Sando (Z.c.) that 
the cyanidin in these plants is derived directly 
from quercetin. The inverse correlation in the 
produ(d.ion of cyanidin and the unrelated flavone 
ayjigenin in Anlirrhinunt (8cott-Monerioff, l.c.) 
arid Dahlia (Lawrence and 8cott-Moncrieff, 
J. Genetics, 1935, 30, 155) points rather to the 
metabi)li8m of anthocyanins and aiithoxantliins 
by parallel syntheses, each pigment being 
partially derived from a common comj)Oiient 
whose availability is strictly limited (Scott- 
Moncriefi; ibid. 1936. 32, 117). 

The gcnetical redationship })etween cyanidin 
pigimuitations and those by the more oxidised 
delphinidin and the lesss oxidised jielargonidin 
is such that, w'hen general anthocyanin })roduc- 
tion occurs, the more oxidised type is dominant 
to the less oxidised, and is also deeper and more 
blue-toned, e.g. in sweet pea the purple flow^^r 
contains tho delphinidin, the i)aler red the 
cyanidin, and tho even paler salmon the pelar- 
gonidin type of anthocyanin (8cott-Moncrieff, 
ibid. 1936, 32, 117). 

K. S.-M. 

CYAN I N, the anthocyan pigment of blue or 
purple cornflowers, also occurs in Bosa gallica, 
deep red dahlias, brown wallflowers, etc. It is a 
diglucoside of cyanidin yielding cyanidin (1 mol.) 
and glucose (2 mols.) on hydrolysis. Willstiitter 
and Everest (Annalen, 1913, 401, 189) first 
obtained it in a pure condition, as the crystalline 
chloride, from the blue cornflow^er; it is, how¬ 
ever, more readily prepared from Bosa gallica 
(Willstatter and Nolan, Annalen, 1915, 408, 1), 
or the deep red dahlia (Willstiitter and Mallison, 
Annalen, 1915, 408, 147). The chloride^ 

Cg? red-brow'ii rhombic leaflets con¬ 

taining mols. of water, can only be completely 
dried at 105°C. in high vacuum. Air-dried it is 
very difficultly soluble in water, acetone or 
chloroform, difficultly soluble in cold alcohol or 
dilute HCl, insoluble in benzene. In 7% sul¬ 
phuric acid it is fairly soluble, but the sulphate 
separates out from the solution. Soda added to 
an acid solution gives a pure blue and sodium 
acetate a violet colour; ferric chloride gives a 
fine blue in alcohol, violet in water. It shows 
a single absorption band covering the green and 
blue; it is optically active. Willstatter and 
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Nolan give, for white light, [a]-=—258° (±10°). 
The low “ distribution number ” (partition 
value between amyl alcohol and aqueous HCI) is 
normal for a diglycoside. Picrate.y red needles, 
very soluble in water. Cyanin potassiwm salt, 
the blue pigment of tlie cornflower, was obtained 
crystalline, but not free from NaCI, by Will- 
stiltter and Everest, after purification by dialysis. 
It is very soluble in water, insoluble in alcohol; 
its blue aqueous solutions become colourless on 
standing owing to formation of a pseudo- base, 
whereas in 20% NaCI solution the colour is 
stable for months. 

Cyanin was the first anthocyan to bo isolated 
and successfully analysed. It is very widely 
distributed. G. and II. Robinson (Biochem. 
J. 1931, 25, 1687; 1932, 26, 1647; 1934, 28, 
1712) have shown by their qualitative tests on 
hundreds of flowers and fruits that cyanin 
with its dihydroxy grouping is by far the most 
common typo, as is also the case) with other 
flavan substances. Cyanin has also been 
isolated from brown wallllowa^rs by Scoit- 
Moncricff (Chem. Ind. Rev. 1929, 7, (>30) and 
from shiso leaves by Chika Kuroda and Mizu 
Wada (Proc. Imp. Acad. Tokyo, 193.5, 11, 28), 
who found that here it w^as sometimes combined 
with/j'Coumaric acid. 

The position of the glucose molecules was 
uncertain for some time, Robinson favouring the 
5-position and Karrcr the 3. These apparently 
opposiiig views have been united bj' Robinson’s 
recognition that c\'anin, pelargonin, peonin, 
malvin, petunin and delphin are all 3:5-dim<)no- 
sides (fJ.C.H, 1931, 266.5). This was confirmed 
by the synthesis of 3:5-j3-diglucosidyl cyanidin 
chloride (III) by Todd and Robinson (J.C.S. 
1932, 2293) by condensation of 2-O-mono- 
acetylglucosidylphloroglueinaldehyde (I) and 
a»-0-tetra-acetyl-^-glucosidoxy -3:4-diacetoxy - 
acetophenone (II), and subsequent deacetylation 
with KOH. 



AcOCeHio040 I. 

_ OAc 

CO—_^OAc 

iH20CeH,0(0Ac)4 II. 


^C OCeH„Os 

CeHiiOjO CH III. 

The S-monoglucoside, cyanenin (IV), which is 
not known to occur natimally, can be obtained 
from cyanin by partial hydrolysis and has also 
been synthesised by L^on and Robinson (J.C.S. 
1932, 2221). 


Cl OH 



Since the of the cell sap of blue corn¬ 
flowers is slightly more acid than that of the red 
Jlosa Oallica, the blueness of the former may 
be dependent upon a colloidal phenomenon 
(G. and R. Robinson, Nature, 1933, 132, 
626). 

R. «.-M. 

CYANINE BLUE, Leitch's blue. A 
“ mixed ” pigment of cobalt blue and Prussian 
blue. 

CYANINE DYES. The first cyanine dye, 
prepared in 18.56, appeared at the time to be 
valueless owing to its instability to light. In 
1873 Vogel discovered that various dyes, 
amongst them cyanine, possess the power 
of rendering ])hotographi(! plates, which normally 
are sensitive only to light oi' short wave-length, 
sensitive also to other w avc'-lcngths, the sensitis¬ 
ing maximum a])proximating to the absorjdion 
maximum of tlie dye (Ber. 1875, 8, 1635). 
Whilst very intercisting scientifically, even 
this action of cyanini? seemed at the time to 
have little practical value, since it was accom¬ 
panied by veiling and staining of the plate. In 
1903, however, it was found that the related 
^voeyanines sensitise, without accompanying 
dele(ds, and a flood of German ])atents was the 
result, whilst the German chemists arrived at 
the chemical structures of cyanine and iso- 
cyanine. At the time of the Great WTir, it w'as 
nect'ssary that the Allied Armies shouhl have 
photographic sensitisers, because they are 
I essential for aeroplane photograjiby. This led 
Mills to his study of tlio cyanines, and he and 
I hi.s pupils cstablislied the structure of the whole 
group; thus Phiacyanol, then the best sensitiser 
for red light, had been discovered in 1905, but 
its constitution was not elucidated until 1920, 
and Thiazole Purjyle, discovered in 1887, was of 
unknown structure until Mills’s publication in 
1922. The preparation of cyanines containing 
nuclei other than the original one, quinoline, 
greatly enlarged the iicld, as did observations 
that the now types of cyanines also had valuable 
photographic properties ; some of them are 
greatly superior to the older tyjies. 

At present certain cyanines, absorbing light of 
comparatively short wave-length, are used for 
conferring e-xtra-sensitivity upon gelatino- 
chloride photographic emulsions, such as are 
used for coating gaslight printing papers ; 
others, absorbing longer wave-lengths, are used 
to sensitise gelatino-bromide photographic 
emulsions, such as are used for plates and films, 
to any desired part, or to the whole, of the visible 
spectrum; lengthening the chain which joins 
the nuclei in the cyanine molecule has made 
feasible the preparation of infra-red sensitive 
photographic material, which is useful for 
distance photography and for certain kinds of 
scientific work. The cyanine dyes have not 
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only proved valuable to astronomers and other 
scientists, but also to the world at large, for 
their power of conferring sensitivity to light 
of various colours has made possible a true 
rendering of colour in monochrome and led to a 
great increase of speed, especially to artificial 
light. The high achievements of modern 
photography are in fact largely due to photo¬ 
graphic scnsitisors, of which the cyanines are 
amongst the most important. Scnsitisors 
have also made possible jjhotography in 
colour. 

Cyanines -Cyaniyits), moCyanines {2A'- 
Cyanine.s), and tp-Cyanines {2:2'-Cyanines ).— 
The blue dye, cyanine {Quinoline Bluc)^ was 
prepared by Greville Williams by the action of 
caustic alkali on the alkiodide of impure 
quinoline (Trans. Itoy. Soc. Edin. 1850, 21, 
377; Chem. News, 1859, 1, 15; 1860, 2, 219). 
Hofmann recognised that this quinoline con¬ 
tained lepidine (Proc. Hoy. Soc. 1803, 12, 410), 
and lloogowerfT and v'an Dorp showed that the 
ethiodides of the two liases condense, under the 
influence of potassium hydroxide in aqueous 
solution, to form the cyanine molecule according 
to the etpiation 

HI 

(Rcc. trav. chira. 1883, 2, 28, 41, 317; 1884, 3, 
337). They found that a purple dye, imcyanincy 
is produced by the action of alkali on tlie 
alkiodides of quinoline and quinaldine, and they 
represented its formation similarly {ibid. 1883, 
2, 317 ; 1884, 3, 337). Spalteholz independently 
disco vert'd the wocyanincs, but regarded them 
as containitig two extra hydrogen atoms (Per. 
1883, 16, 1847). Ht^, and also lloogowerlf and 
van Dorp, pointed out that, in prt'paring 
cyanines and Mocyanint;s, it is advantageous to 
use twice the calculated amount of quinoline 
alkiodide. Mietho and Traube’s discovery of the 
value of the i**o('yanines as photographic sen- 
sitisors (G.P. 142920, 1902) led to patents by 
various German firms, in which substituents 
were introduced to improve the sensitising 
action, and the acid radical was altered so as to 
increase the solubility (G.P. 158078, 167159, 
167770, 170048, 170049, 1903). This was largely 
the work of E. Konig. tVoCyanines have 
appeared upon the market under the names 
Ethyl Red, Ilomocol, Isocol, Orthochrome T, 
Pericol, Pinachrome, Pinachroine Violet, Pina- 
verdol and Sensitol Green, whilst cyanines were 
marketed under the names Ethyl Cyanine T and 
Quinoline Blue. 

The first suggestion as to the constitution of 
cyanines and i.socyanines was made by Decker, 
who had discovered the aikylquinolinium pseudo- 
bases and regarded these as intermediates 
(Ber. 1891, 24, 690). Mietho and Book for¬ 
mulated the wocyanine molecule as having 
two quinoline nuclei linked in the 2:4'-positions 
to a :CH group (Ber. 1904, 37, 2008), but with 
two extra hydrogen atoms as suggested by 
Spalteholz. It was W. KOnig w^ho pointed out 
how unlikely is their presence and ho gave 
formulje for cyanine (I) and laocyanine (II) 


which are accepted to-day, the former with a 
4;4'-linking, the latter with a 2:4'-lmking 




]:P-T)ialkylcyaiiine iorlido. 
Bi8-{l-alkyl-^-quinoline)7ncthmcyanine iodide.^ 

I. 



1:1 '-Dlalkyl/jsocyanifiic iodido. 

{1 -A Ikyl-'Z-quinoline) (1 -alkyl-A-quinoline)meth in¬ 
cyanine iodide. 

II. 

(J. pr. Ghein. 1906, [ii], 73, 100). Konig made 
the alternative suggestion that in cyanine 
and /cSY)cyanine one (]uinoline ring may have 
undergone fission to an of)en chain {ibid. 1912, 
fii], 86, 166), hut this was disproved by Mills and 
Evans’s synthesis of o-aminocinnamylidene- 
quinaldine moth iodide, in structure very (dose to 
the open-chain formula for u'oeyanine, but differ¬ 
ing ill properties (J.G.S. 1920, 117, 1035), 
and further evidcnci^ against it was advanced 
by Konig and Treichel (J. pr. Chem. 1921, |ii], 
102, 63). Vongcrjeliten and Hofcheii prodiuscd 
evidence that the 2-niethyl group of (juinaldiuo is 
concerned in wocyanine formation (Ber. 1908, 
41, 3054), wdiilst Kaufmann and Vondervrahl 
proved that the 4-])osition of the quinoline 
nucleus is involved (Ber. 1912, 45, 1404). The 
constitution of wocyanine (III) w^as definitely 
established liy Mills and Wisliart, by its oxida¬ 
tion to l-alkvl-2-quinolone and cinehonic acid 
alkochloride (J.C.S. 1920, 117, 579), whence that 



1:1 '-Dlalkyh'socyanine iodide. 
{l-Alkyl~2-gumoUne){l-alkyl-4:-quinolin€)methin- 
cyanine iodide. 

III. 

of cyanine follows. The formula of f.wcyanine 
is confirmed by Adams and Haller’s preparation 
of various isocyanines by the action of alkali 
on various lepidine alkiodides (J. Amer. 
Chem. Soc. 1920, 42, 2389), and by Hamer’s 
synthesis from lepidine ethiodido and 2-iodo- 
quinoline ethiodide (J.C.S. 1928, 206). She 
subsequently prepared complex isocyanines 
from 6-raethylacridino mothiodide and 2-iodo- 

^ See p. 530 for explanation of alternative nomen¬ 
clature for this and subsequent compounds. 
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quinoline alkiodide, but these were not sonsi- 
tisors (J.C.S. 1930, 995). For accounts of the 
preparation of i^ocyaninea, by the action of 
caustic alkali on alcoholic solutions of quaternary 
salts of substituted quinolines and quinaldines, 
and of their properties, including optical and 
photographic properties, see Sheppard (J.C.S. 
1909, 95, 15), Wise, Adams, Stewart and Lund 
(Ind. Eng. Cheni. 1919, 11, 460), IMiJls and Pope 
(Phot. J. 1920, 60, 183), Barbier (Bull. Soo. 
ohim. 1920, [iv], 27, 427), Hamer (J.C.S. 1921, 
119, 1432; Phot. J. 1922, 62, 8), and Sakurai 
(B\dl. Inst. Phys. Chein. Bca. Japan, 1932, 11, 
681, 1044); Hamer prepared complex iso- 

cyanines from quinoline alkiodide ami 2-m(4hyl- 
aconaphthpyridino methiodide (J.C.S. 1930, 

995). 

In naming v'.s'oeyanines, plain numerals refer 
to the quinaldinc nucleus, whilst those of the 
quinoline nucleus are followed by a dash 
(Mills and Pope, Phot. J. 1920, 60, i83). Mills 
and Wishart’s formula for ?.socy[i,ninc (111) 
differs from Konig’s (11) in that the acid radicral 
is attached to the alternative nitrogen atom, with 
a corresponding difference in the conjugated 
chain uniting the nitrogen atoms. Mills and 
Wishart sugg(isted that the two formuhe 
represent virtually tautomeric com})ounds 
(J.C.S. 1920, 117, 579), and virtual tautomerism 
has since been shown to be a characteristic 
of cyanines of various types (Mills and Braun- 
holtz, ibid. 1922, 121, 1489; Hamer, ibid. 
1928, 206; Kuhn, Wintcrsteiii and Jlalser, 
Bor. 1930, 63, [B], 3176; Ogata, Proc. Imp. 
Acad. Tokyo, 1932, 8, 119; Bull. Inst. Ph>s. 
Chern. Kes. Japan, 1934, 13, 549; Brooker and 
Keyes, J. Amer. Chem. Soc. 1935, 57, 2488). 
Although the acid radical in cyanines is not now 
regarded as attached to one nitrogen atom, to 
the exclusion of the other, static formuhe are 
given throughout this article, for the sake of 
clearness. For the convenience of naming 
definite examples, the anion in the formuhe is 
usually represented as iodide, although other 
anions are equally applicable. 

The cyanines, to use the term in its general 
sense, are monacid salts which can conveniently 
be crystallised from methjd or ethyl alcohol, but 
are only slightly soluble in hot water. The 
crystals usually contain solvent of (crystallisa- 
tion; they have a metallic lustre and are often 
pleochroic. Although the solutions are de¬ 
colorised by ex(!es8 of acid, the colourless diacid 
salts arc unstable. 

Although the 4:4'- and 2;4'-cyanines have 
l)een known from such an early date, the pre¬ 
paration of 2:2'-cyaninc (IV) by Fischer and 
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l:l'-Dlmethyl-0-cyanine iodide. 
Bit'{l-methyl‘2-quinoline)methincyanine iodide. 

IV. 

Scheibe, by condensing 2-iodoquinoline meth¬ 
iodide with quinaldine methiodide (J. pr. Chem. 
1920, [ii], 100, 86) is much more recent. Instead 
of their term “ ^-isocyamne,” Mills and Odams 


proposed the name ^-cyanine (J.C.S. 1924, 125, 
1913). By effecting the condensation under 
modified conditions, Hamer prepared a number 
of 2:2'-cyaninos and noted that these also arc 
photographic sensitisers (J.C.S. 1928, 206). 

For the preparation of more complex ^-cyanines, 
2-iodo-j8-naphthaquinolino alkiodide was con¬ 
densed with an alkiodide of quinaldine or 
jS-naphthaquinaldino (Hamer and Kelly, ibid. 
1931, 777), and 2-iodoquinoline alkiodide w'as 
condensed with 2-mcthyla.cenaphthpyridine 
methiodide (Hamer, ibid. 1930, 995). The 
I.G. Farbenind. A.-C. pro})ared the diethyl 
analogue of IV from l-cthyl-2-thioquinolone 
othiodide and quinaldine ethiodide in pyridine 
(B.P. 423792, 1932), whilst Kendall prepared 
iv from 2-melhvlthiolquinoline, methyl p- 
toluenesulphonate, and maIonic acid in ])yridine, 
followed by potassium iodide (B.P. 431141, 
1933). 

2:2'-, 2:4'-, and -Carbocyamnes .—The most 
valuable sensitiscr of its day, conferring ])hoto- 
graphic s(;nsitivity even to red light, was the 
blue dye Pinacyanol, which was discovered by 
Homolka and j)atented by the Farbwerke vorm. 
Meister, Lucius and Briining (G,P. 172118, 1905) 
(later known also as Quinaldine Blue and 
Bensilol Bed ; i\a 2 >hthacyan()le, Pinarhrorne Blue 
and Sensitol Violet belong to the same class). 
It was prepared by the action of caustic alkali 
on an alcoholic solution of (Quaternary salts of 
quinoline and quinaldine, in the presence of 
formaldehyde. The part played by formalde¬ 
hyde may also bo taken by a trihalogcnomethano 
(G.P. 200207, 1907) or by chloral hydrate (Ogata 
and 8uzuki, Bull. Inst. Phys. Chem. Res. 
Japan, 1934, 13, 488). The preparation of 
pinacyanol and its homologues (“ ip-dicyanines ”), 
by the formaldehyde method, is dcscril)od by 
d. Fischer (J. pr. Chem. 1918, [iij, 98, 204), 
Wise, Adams, Stew'urt and Lund (Ind. Eng. 
Chem. 1919, 11, 460), Mills and Pope (Phot. j. 
1920, 60, 253), Braunholtz (J.C.S. 1922, 121, 
169), Moudgill {ibid. 1922, 121, 1509), Mees and 
Gutekunst (Inci. Eng. Chem. 1922, 14, 1060), 
and Hamt^r (J.C^.S. 1923, 123, 2333). Fischer 
observed that the quinoline salt takes no direct 
part in the condensation (l.c.) ; although it has 
always been accredited with increasing the yield, 
a recent publication denies this (Lauer and 
Horio, J. pr. Chem. 1935, [ii], 143, 305). The 
formula (V) for pinacyanol w'as suggested by 
Mills and Pope (l.c.) and established by Mills and 
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NEt NEtX 

1:1'-Diethyl-2:2'-carbocyaninc iodide. 
Bis-{l-ethyl’2-guinoline)trimethincyanine iodide. 

V. 


Hamer, who concluded from analysis that the 
compound is formed according to the equation 

2C10H9NC2H5X+CH2O 

= C 26 H 25 N 2 X-f-H 20 -fHX-f 2 H, 

and who found that on oxidation it gives 
quinaldinic acid and l-ethyl-2-quinolone (J.C.S. 
1920, 117, 1550). Their formula was confirmed 
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by Konig’s preparation from quinaldine eth- 
iodide and ethyl orthoformate in the presence of 
acetic anhydride (Ber. 1922, 55, [BJ, 3299) ; 
Hamer, by using pyridine instead of acetic 
anhydride, obtained 70-79% yields by this 
method (J.C.S. 1927, 2790), arid further con¬ 
firmed formula V by converting methylcne- 
diquinaldine dialkiodide (V'l) into (V), by the 



MtithyleiUHliquiimldinc (lialkiodulc. 

VI. 

action of alkali in flic presence of a fjuinolinium 
salt (.l.(^S. 1923, 123, 240), and by reducing 
(V) lo (VI) 1925, 127, 211);' a j)r()oeHH 

for converting (VI) into (V') by treatnuait 
wit}> an oxidising agent in a non-alkaline medium 
was su})se(|iientiy jiatentcd (iSoc. Chem. Ind. in 
Bask', B.P. 321155, 1928). iiosenhauer with 
Hoffmarm and banger (Her. 1920, 59, fB], 940) 
obtained the metliyiene bases from quinaklinium 
salts in tlu* solid stat-e. By condensing such a 
base with iodoform, the 2:2'-carbocyanine (V) 
was synthesisc'd by Fivseher and H-osenhaiicr (Z. 
angevv. Chem. 1923, 36, 330) and by Kosenliauer, 
Schmidt and Xbiger (Ber. 1926, 59, [B|, 2350). 
Kuhn and Wintersteiii prepared 2;2^-earbo- 
lyanines, edherwise dillicult to obtain, by the 
action of acetic anhydride and sodium formate 
on the apju’opriate methylene base, or on its 
salt with an organic acid (B.P. 328357, 1929). 
Sakurai has described the sensitising action of 
certain 2:2'- (and 2:4'-) carlax-yanincs (Bull. 
Inst. Phys. Chem. Bes. Japan, 1932, 11, 1044), 
and Kendall the preparation of a 2:2'-carbo- 
cyanine, from 2-methyltliiolquinoIinc, alkyl 
p-toluenesulphonate, glutaconie acid, and pyrid¬ 
ine (B.P. 431141, 1933). OgJita,, Kawasaki and 
iMasuda prepared a 2;2'-carbocyanine containing 
two nuclei isomeric with phenanthroline from a 
salt of the apjjrojiriate base, ethyl orthoforinafc, 
and acetic aiihydtido (Bull. Inst. Pliys. Chem. 
Hes. Japan, 1934, 13, 480); for preparing a 
simple 2:2'-carbocyanine, Ogata an<l Suzuki 
treated quinaldine metbiodide with chloral 
hydrate and alkali {ibid. 488). 

When tbt> constitution of })inacyanol was 
established as (V), Mills and Hamer predicted 
that, corre.sj)()nding with this 2:2'-car])oeyanino, 
there would also be a 2:4'- and a 4:4'-ea.rbo- 
cyanine (Vll and VIM) (J.C.S. 1920, 117, 1550) 
This prediction was soon fulfilled, for Mills 
and Braunholtz synthesised (VIII) (J.C.S. 
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l:l'-Dialkyl-2:4'-carbocyaiiiiJC salt. 
{l-AlJcyl‘2-quinolme){\-alkyl-4-qu'inoline)trim€thin- 
cyanine salt. 


VII. 



RN] 4):CH CH:CH-(4 pNRX 

1:1 '-l>ia)kyJ-4:4'-carbocynnlno salt. 
-alkyl-‘i-(2ui7ioli)u)trimethinci/anme salt. 

VMI. 


1923, 123, 2804), whilst Mills and Odams 
synthesised (VII) [ibid. 1924, 125, 1913). 
JJius Mills and Braunholtz sliowed that when 
(juinaldine ethonitrato is condensed witli di-o- 
formylalkylaminodiphenyl disulphide (IX), in 
pyridine solution, one pro<luct is (\^). the di¬ 
sulphide having furnished the central carbon 



Di-o-foruiylalkylaminodiplicny] disulphide. 

IX. 


aloni of the tlirce-carbon chain; wlien lepidine 
etbonitrate is used instead of (juinaldine etho¬ 
nitrato, the corresjKmding product must be 
(VIII). They identilied this dye with Krj/j)to- 

cy ani ne _(alio called liubrocifaninc)^ whi(^1i 

Adams and Ilaller liacT ']‘r(‘])nred by using a 
lopidiniuni instead of a quinakiinium salt in the 
earluKyanine condensation (J. Amer. Chem. 
Soc. 1920, 42, 2001), and which has proved a 
valuable sensitiser for infra-red light. By 
interaction (d‘ lepidinium salts, pyridine and 
ethyl orthoformate, Hamer pref)arcd 4:4'- 
carboc'yanincs (,J.C.S. 1927, 2790), together 

with «co(!yanine (g.v.). Mills and Odams, 
by tlic action of (IX) on a mixture of 
the ethonifralcs of (juinaldino and lepidine, 
synthesised the 2:4'-earbocyanine (VII). From a 
spectre )scoj)i(; examination they concluded 
that the dicyanine, which had been prepared 
from quaternary salts of 2:4-dimethylt{uinoline 
and its derivatives (G.P. 155541. 1903 ; Fischer, 
J. pr. Chem. 1918, [ii], 98, 204; Wise and 
Adams, Jnd. Eng. Chem. 1918, 10, 801; 
Mikeska, Haller and Adams, J. Amer. Chem. 
Soc. 1920, 42, 2392; Palkiri, Ind. Eng. Chem. 
1923, 15, 379), is a 2:4'-carbocyanine. 

Thiacya n in e.s, Th iacarbocya ni n es, Thia - 2 '- 
cyanines {Thia-ij/-cyanines), and Thia-A'-cyanines 
{Thiaifiocyanines). —Hofmann observed that a 
})urple dye, which ho regarded as the (,:yaninc of 
the bcnzthiazole series, is formed by heating an 
aqueous solution of the alkiodidos of benzthi- 
azole and 2-methylbonzthiazole with ammonia 
(Ber. 1887, 20, 2251). Mills showed that the 
reaction proceeds more readily in pyridine and 
isolated a yellow compound in addition to 
the purple one. Analyses led him to the 
surprising conclusion that the yellow dye is the 
cyanine (X), and the purple dye the carbo- 
cyanine (XI), of the bcnzthiazole series, and 
this was confirmed by synthesising the thia- 
cyanine (X). (XI) sensitised a gelatine-bromide 
and (X) a gelatino-chlorido photographic emul¬ 
sion (J.C.S. 1922, 121, 455). The name thia- 
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3;3'-I)iethyltliiacyanintt iodide. 
Bi8~{^-clhyl-2~benzthiazol€)m€thincyamne iodide. 

X. 


1« I 


S . / V 

l\ 7 8 9 /r 

2C;CH CH:CH C2' 

s / \ 3' 

NEt lEtN 



3:3'-l3it!thyltliiacarbocyaiiinc iodide. 
Bi8-('Z'ethyl-‘l~henzt]iiazole)tri7ni'thtncyimuie iodide. 

XI. 


cyanine is in accordance with international 
nomenclature and therefore preferred to the 
original term “ thiocyani7ie.'''' Similarly, the 
original name “ carbothiocyanine ” for (XI) was 
first rej)la{‘ed by “ thiocarbocyanine ” (Hamer, 
J.C.kS. 1927, 2790), and has now become thia- 
carbovyanine. The thiacyanine (X) corresponds 
w ith 0-cyanine, wocyanine, and cyanine, and the 
thiacarbocyanine (XI) with the 2:2'-, 2:4'-, and 
4:4'-carbocya.nines. Just as the disulphide (IX) 
was us(k 1 to synthi'sise 2:2'-, 2:4'-, and 4:4'- 
oarbocyanines, so, similarly, by condensing it 
with 2-methylbenzthiazole ethiodide. Mills and 
Braunholtz obtained (XI) ; they found tliat, 
in addition to the function of (JX) in providing 
the central carbon atom of the three-carbon 
chain of a carbocyanine, it also furnishes a benz- 
thiazole nucleus, which condenses with the 
(piaternary salt available to give a dye in which 
the nuclei arc linked by one :CH* group; thus 
from (IX) and 2-mcthylbcnzthiazoie ethio<lide, 
the other product is (X) {ibid. 1923, 123, 2804). 

Kisher and Hamer prepared thiacyanines from 
a 2-methylbenzthiazolium or a 1-methyl-a- 
naphthathiazolium chloride, by the action of 
amyl nitrite in the presence of acetic anhydride, 
(J.C.S. 1930, 2502). The I.G. Farbenind. A.-G. 
applied this method to the preparation of thia¬ 
cyanines with comj)lex nuclei (H.P. 400401, 
1931), and also described aminothiacyanines 
(B.P. 400951, 1931). Konig, Kleist and Gdtze 
prepared thiacyanines, including one (XI1) 
of considerable complexity, by treatment of 3- 
methylbenzthiazolono, or its derivatives, with 
magnesium methyl iodide (Ber. 1931, 64, [Bj, 



3:4:3':4'.bis-trlmcth\lcnot]»ln(*yaninc Iodide. 

ethylene-'l-bmzthiazoLe) meth incyanine 
iodide. 

Xll. 

1664). Kendall prepared thiacyanines by heat¬ 
ing together 2-methylthiolbenzthiazole, alkyl 
jp-toluenesulphonate, malonic acid and pyridine 
(B.P. 431141, 1933). The I.G. Farbenind. A.-G. 
prepared both symmetrical and nnsymmetrical 
thiacyanines by condensing 3-alkylthiobonzthi- 


azolono alkiodide with 2-methylbenzthiazole 
alkiodide in pyridine (B.P. 423792, 1932). 
Closely related is Kendall’s method, in wddcli a 
quaternary salt of 2 -meth 3 Ithiolbonzthiazolo 
reacts with one of 2-mcthyibenzthiazole; he 
claims that it is advantageous to make the 
preparation and condensation of the salts all 
I one process (B.P. 424559, 1933). 
j The Thiacarbocyanincs (XI “ Thiazolc 
Purple ”) were prepared by Konig and Meier 
by eondensing a 2-methylbcnzthiazolium salt, 
with ethyl ortho form ate, or anhydrous sodium 
formate, in the presence of various solvents (J. 
])r. Chem. 1925, [ii], 109, 324). Hamer found the 
ethyl orthoformate and pyridine method to bo 
most successful in the case of the thiacarbocyan- 
ines (J.C.S. 1927, 2796), and subse(iuently con¬ 
densed ethyl orthoformate, in the presence of 
pyridine, witli salts of methyl-a- and ^-naplitha- 
thiazoles (J.CkkS. 1929, 2598), as also did Brooker 
and Kodak Ltd. (B.P. 354264; 359463, 1929). 
The i.G. Farbenind. A.-G. used ethyl ortho¬ 
formate and pyridine in pnqjaring thiacaibo- 
cyanincs with compk'x iiucku (B.P. 396217, 
1931) and in ])re 2 )aring eertain substituti'il 
thiacarbocyanincs (B.P. 418745 ; 420971, 

1932; 42*1015, 1933), including those from 

methyltetrahydro-a- and /!• naj)ld hat hiazoles 
(B.P. 427887, 1932) and from 2-mcthyl-/J/il'- 
naphthatliiazole (B.P. 452408, 1934). Kendall 
])repared thiacarbocyanincs l)y heating together 
2-methylthioll}(Uizthiazole, alko-p-toluene-suL 
phonate, erotonic anhydride, or glutaconic 
acid, and pyridine (B.P. 431141; 431186,1933). 

iMills and Braunholtz found that when the 
disul})hide (IX) reacts with quinaldino etho- 
nitrate, it behaves as cx])Jained under thia¬ 
cyanines, so that the 2:2'-carbo(‘yanine (V) 
is accompanied by the ihia-T-cyanine (Xlll) 
(J.C.kS. 1923, 123, 2804). Hamer confirmed 
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a:l'-T)ialkylthia-2'-cyanine iodide, 
(\-Alkyl-'.i-( 2 nmohve)([i-<ilki/l-'J.‘benzthiozole)mit/iin- 
(yanrne iodide. 


XIII. 


this formula by prej)ariiig thia-2'-cyanines by 
the action of caustic alkali (m the alkiodides of 
2-iodoquinoline and 2-methylbenzthiazole {ibid. 
1928, 206), whilst more complex thia-2'- 

cyanines were prepared by using methyl-a- and 
)S-naphthathiazole alkiodides and 2-iodo-)3- 
naphthaquinoline alkiodide {ibid. 1929, 2698; 
Hamer and Kelly, ibid. 1931, 777). The 
I.G. Farbenind. A.-G. subsequently condensed 
2-iodoquinolino alkiodide with salts of still more 
complex thiazolc derivatives (B.P. 400401, 
1931), of mcthyltctrahydro-a- and jS-naphtha- 
thiazoles (B.P. 427887, 1932), and of 2-methyl- 
j8)3'-naphthathiazole (B.P. 452408, 1934). They 
also prepared thia-2'-cyanine8 by the action of 
pyridine on a mixture of l-othyl-2-thioquinolone 
alkiodide and 2-methylbenzthiazole alkiodide, 
or of quinaldine alkiodide and 3-ethyl-2-nitro80- 
midobenztbiazoline (B.P. 423792, 1932). Ken- 
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dall found it bettor to ubo alky]- 7 )-tolueno- 
sulphonates of the tliiono compounds (B.P. 
438420, 1934) ; ho also prepared thia-2'- 

cyanines by condensing salts of 1-mothyl- 
thiolbonzthiazole and cjuinaldine (B.P. 424569, 
1933). Beilonson and Hamer observed that 
introduction of chlorine or bromine atoms into 
the thia-, thiacarbo-, or tbia-2'-cyanino molecule 
has little (dfecd/ upon the Jibsorption maximum 
(J.C.S. 1930, 1225). 

Mills and Braunholtz found that when the 
disulphide (IX) reacts with lepidine ethonitrate, 
the 4:4'-cai bocvanino (VIII) is accompanied by 
thia-A'‘Cyanhip.\X\V) (d.C.S. 1923, 123, 2804), 
which they had jireviously obtained by the 
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|{:r-I)ialkylt]ua"4'«cyaiiim‘ iodide. 
{\-AlkylA-qHinoline){?,-alkyl~‘2.-henzihiazolc)methin- 
cyanine iodide. 

x\v. 


nction of caustic; alkali on the; alkiodides of 
2-motliyIbenzthiazole and cpiinoJine (ibid. 1922, 
121, 2004). lirooker and Kodak Ltd. con¬ 
densed quinoline alkiodide with alkiodides of 
metbyl-a- and /9-na})hthathiazoles (B.P. 378455 ; 
380140, 1930), wliilst the l.-C. Farbenind. 

A.-G. used salts of still more complex thiazolo 
derivatives (B.P. 400401, 1931), of methyltetra- 
hydro-a- and ^-naj)hthathiazoles (B.P. 427887, 
1932), and of 2-methyl-^j3'-naphthathiazole 
(B.P. 452408, 1934). The I.G. Farbenind. A.-G. 
preparcid thia-4'-cyanines by the ac^tion of 
])yridine and piperidine on alkiodides of lepidine 
and 3-methylthiob(‘nzthiazolono (B.P. 423792, 
1932), and Xendall prepared them by con¬ 
densing quaternary salts of lepidine and 2- 
methylthiolbenzthiazole, or, conversely, of 4- 
mcthylthicdquinolino and 2-methylbenzthiazole 
(B.P. 424559, 1933). 

Fuch.s pointed out that certain sensitisers 
containing benzthiazole nuclei are superior to 
the older cyanines in that they inhibit chemical 
fog (C3iem,-Ztg. 1933, 57, 853) ; this is also 
confirmed by Sobolev, Bondareva and Evteeva, 
who cora])arcd the sensitising action of various 
substituted cyanines containing benz- and 
na})htha-thiazole nuedei (J. Appl. Chem. 
Bussia, 1936, 9, 335). 


Other Cyanines and 8ymmetrical 
Carbocyanines. 

Mills and Smith’s discussion of the reactivity 
of the methyl group in heterocyclic bases (J.C.S. 
1922, 121, 2724) is of especial interest in con¬ 
nection with those bases which have since been 
found to give cyanine dyes. In the present 
section, the plan has been adopted of dealing, in 
roughly chronological order, with each base 
which was emplojmd, on account of its reactive 
methyl group, for cyanine dye formation ; this 


is followed by an account of further typos made 
possible by methods depending on the reactivity 
of groups other than methyl. 

Indocyanine.^, Indocarbocyanines, and Indo- 
2'-cyanines. —W. Koriig pointed out that an 
indolonine salt such as (XV), can condense 



2:3;JJ-'J’rimpthyI- 1:3:3-TrimPttiyl-2- 

indolnnino inothiodiclo. mcthylpiieiiuiollue. 

XV. XVI. 


with ethyl orthoformate, in the presence of 
a(;eti(; anhydride, to give the indocarbocyanine 
(XVII) {^^^Astraphloxine ”) (Ber. 1924, 57, 685), 
which method was Bubsequcntly used by Ghigi 
(Gazzetta, 1933, 63, 698). Its sensitising pro¬ 
perties were noted by Hamer, wdio prepared 



1:3:3: l':3':3'-BpxamothylindocaTbocyfininc iodide. 
liis {{:\y.\\’tr\methyl-2-indolenine)trimethincyanine 
iodide. 

XVI r. 


I indocarbocyanines by use of ethyl orthoformate 
and pyridine (J.C.8. 1927, 2796). They may 
also be prej>ared by condensation of the methy¬ 
lene base (XVI), which corresponds with (XV), 
with formaldehyde (8oo. (’hem. Ind. in Basle, 
B.P. 312174, 1928). Kuhn and Winterstein 
prepared them by interaction of aceti(; an¬ 
hydride, sodium formate, and a methylene base, 
or its salt with an organic acid (B.P. 328357, 
1929). Ogata prepared (XVJl) by treatment of 
(XV) with chloral hydrate and alkali (Proc. 
Imp. Acad. Tokyo, 1933, 9, 602). Wahl and 
the I.G. Farbenind. A.-G. made “ hidoleniyie 
Yellow ” by treating salts such as (XV), or the 
corresponding base (XVI), with an ester or salt 
of nitrous acid, in the presence of acetic 
anhydride (G.P. 459616, 1926). Kuhn, Winter- 
stein and Balser pointed out that neither the 
analytical results nor the colour of the compound 
accorded with the formula proposed, and they 
established that it is in fact the indocyanine 
(XVlll). By treating an acetic acid solution of 
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l:3:3;l':3':3'-Hoxamethylindocyaniue 

porclilorate. 

Jlis-{l:^:3-trimethifl-2-indolenine)methincyanine 

perchlorate. 


XVlll. 


(XVI) with sodium nitrite and then with per¬ 
chloric acid, they isolated the oxime perchlorate 
(XIX), and showed that this reacts with 
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3:3-Dimethyl-2-aldoximo-indolpnine nn'Mioporchlorate. 

XIX. 

(XVI), in acotio anhydride solution, to give the 
indocyanine (XVIII); an uiisymmetrical indo¬ 
cyanine was also prepared (Her. 1930, 63, [B], 
3176). The intermediate (XIX) was also 
obtained bv the action of nitrosyl chloride on 
(XV) or (XVI) (I.G. Farbenind. A.-G., B.P. 
359753, 1929). Nitrosylsulphuric acid may be 
used similarly (I.C.I. Ltd., Linch, and Piggott, 
B.P. 391215^ 1931). Jndo-2'-cyanines (XX) 



1 '-Tol ramrt}iylindo-2'-cyniiino iodide. 

(^:3:3-'I'rirnet/lyl^2-in(IoIevinc){]-^nethj/l-^■2-qKu^o}i7le)- 
mcthhicijan inc iodide. 

XX. 

were prepared by reaction of (XV) with 2-iodo- 
quinoline alkiodido in the presence of caustic 
alkali (Hamer, J.C.S. 1928, 206), but triethyl- 
amine is recommended as a bettor condensing 
agent (Kodak, Ltd., B.P. 408571, 1932). With 
complex compounds of tungstic or molybdic 
acid, the indocyanines and indoc’.arbocyanines 
give colour lakes which are fast to light, etc. 
(I.G. Farbenind. A.-G., B.P. 448508, 1934). 

Oxaryanines, Oxaxarbocyanines, Oxa-2'- 
cyanines, and Oxa-A'-cyanines .— Konig and 
Meier were the lirst to use 2-methylbenzoxazole 
methiodide for the preparation of a cyanine, 
condensing it with ethyl orthoforinate and 
acetic anhydride to give an oxacarbocyanine 
(J. pr. Chem. 1925, [ii], 109, 324), Hamer 
subsequently carried out the preparation by 
using ethyl orthoforinate in conjunction with 
pyridine and noted that the oxa(;arbocyaninea 
have ph(>togra})hic sensitising properties (J.GS. 
1927, 2796). Oxacarbocyanines were similarly 
prepared from methyl-a- and j8-naphthoxazolcs 
bv Brooker and the Kastman Kodak C’o. (U.S.P. 
1939201, 1933 ; 1962123, 1934) and from 

2-methyl-)3j9'-naphthoxazole by the I.G. Far- 
bonind. A.-G. (B.P. 432969, 1933). Kendall 
prepared oxacarbocyanines by reaction of 
the 2-methylthiolbenzoxazole alko-p-toluene- 
sulphonatcs with glutaconic acid (B.P. 431141, 
1933), or with crotonic anhydride, and pyridine 
(B.P. 431186, 1933). The colourless oxacyanines 
were prepared by Fisher and Hamer, by the 
action of amyl nitrite and acetic anhydride on 
salts of 2-methylbenzoxazolc, and their pale 
yellow analogues were similarly prepared from 
mcthyl-a- and jS-naphthoxazoles (J.C.S. 1934, 
962). Kendall prepared oxacyanines by the 
action of tnalonic acid on a 2-methylthiolbenz¬ 
oxazole alko-p-toluenesulphonate in pyridine 
(B.P. 431141, 1933), and was able to prepare 
both symmetrical and unsymmetrical oxacyanines 
by reaction of a 2-methylbenzoxazole quaternary 
salt with one of 2-methylthiolbenzoxazole 


(B.E\ 424559, 1933) or of 3-alkyl-2-thiobenzoxa- 
zolone (B.P. 438420, 1934). The I.G. Farben¬ 
ind. A.-G. obtained oxa-2'-cyanines by condens¬ 
ing quaternary salts of 2-methylbenzoxazole 
and l-alkyl-2-thioquinolone (B.P. 423792, 1932; 
B.P. 423827, 1933) and patented oxa-2'- and 
oxa-A'-cya7}incs containing naphthoxazole nuclei 
(B.P. 388898, 1931 ; B.P. 432969, 1933). 

Kendall prepared oxa-2"-cyanines from salts of 
2-methylthiolbonzoxazole and quinaldino (B.P. 
424559, 1933). Brooker and Keyes found that, 
whereas the yield of oxa-2'-cyanine obtainable 
by the action of caustic alkali on an alcoholic 
solution of the ethiodides of 2-methylbenzoxa¬ 
zole and 2-iodoqninoline is very lo\v, it can be 
greatly increased by using a strong organic 
base as (MUidensing agent (J. Amer. Chem. 8oc. 
1935, 67, 2488). The parent oxa-, oxacarbo-, 
oxa-2'-, and oxa-4'-cyanines are represented by 
formuhe (X), (XI), (XIII), and (XIV) respec¬ 
tively, if each sulphur atom be nqdaccid by 
oxygen. 

t^elenacyan ines, ^^ele.nacarhocyan ines^ Ficlemi- 
2'-cyanines, and Selena-A'-cyanines. —Clark first 
used 2-methylbenzselenazole quaternary salts 
for the preparation of cyanines, and by their 
(iondensation with ethyl orthoforinate and 
pyridine he priqiared sidenacnrhocyanines^ wliich 
he found to bo sensitisers (.l.C.S. 1928, 2313; 
cf. LG. Farbenind. A.-G., B.P. 383480, 1931 ; 
418745, 1932). From sink salts or their 

derivatives, the LG. Farbenind. A.-G. prepared, 
by the action of am^d nitrite and acetic 
anhydride, sehmacya nines (B.B. 380702, 

400951, 1931); by condensation with quinolin- 
ium .salts, set eiia-A'-cyanines (B.P. 389969, 

400951, 1931; cf. U.S.P. 2051134, 1936), 

and by condensation with a salt of 2-if)do- 
quinoline or 1-a!kvl-2-thioquinolone, sclena-2'- 
cyanin.es (B.P. 386791, 400951, 1931 ; 403840, 
423792, 1932). The parent selcria-, selcna- 
carbo-, selcna-2'-, and 8elena-4'-cyanines may 
be rcprc.sented by formuhe (X), (XI), (XIII), 
and (XIV) respectively, if each sulphur atom 
bo replaced by selenium. 

2:1'-Cyanines, 4:1'-Cyanines, Thia-l'-cyanines, 
and Sclena-^ '-cyanines .— Fisher and Hamer used 
1-iodofsoqninolino alkiodide, in place of 2- 
iodoqiiinolinc alkiodide, for cyanine condensa¬ 
tions. Thus with (juinaldinium salts in the 
presence of alcohol and alkali it gave 2:1'- 
cyanines (XXI), which were also obtained, in 
much low'er yield, by condensation of the 
alkiodides of nvoquinolinc and quinaldinc. They 
pointed out that imQainoline Red, which had 
lieen prepared by interaction of zsoquinoline, 
quinaldine, bcnzotrichloride, and zinc chloride 
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cyanine iodide. 
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(Agfa, G.P. 40420, 1886) and formulated by LG. Farbenind. A.-G., B.P. 386903, 1931). 
Vongoricbten and Homann as (XX.II) (Ber. From the same salt and the disulphide (XX) 


1912, 45, 3440; c/. Scheibe, Ber. 1921, 54, [Bj 
786) is a 2:l'-(yaruno of a special kind. 1-Iodo- 


in pyridine. Mills and Braunholtz prepared the 
4;4'-diplienyl derivative of the parent thiazolo’ 
carbocyanine (XXV) together with the corre- 



CHPh 


tvoQuiiiolino Kcd. 

j :2'-IU*nzylideiie-2;r-(’yaiiine chloride. 

J :2'lif'nziHideneCZ-quinoluif){ I '-iMyquinoUne)- 
'iiicthinc]/(nihi.e chloride, 

XXII. 

f-wquinolinc! alkiodido was further condensed 
with lepkline alkiodido fo give a 4:\'-njaiii.)ie 
(XXIIJ); with salts of 2-methylbei)zthiazole, 
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1:2'-I Mfilkyl-4.1 '-cyniiinc iodide. 

(1 ’Alk'{jl-^-<i>inioll}if){'l-<ilkii}-\-m)<lunioHncy 
methi)icf/an inc iodn/c. 

XXJII, 
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.3:3'-DiinethvlMiiazolocarbocyanino iodide. 
BiR~i'^~iucthyl-'l-thiazolc) trimcUiincyaiiine iodide. 

XXV. 


spending thiathiazolocyanine (J.C.S. 1923, 123, 
2804). Fisher and Harner prepared thiazolo- 
carbocyanines from 2:4-dimethylthiazolium 
salts by the pyridine and ethyl orthoformato 
method (d.C.S. 1930, 2502). Brooker and 
Kodak Ltd. showed that, as prepared by the 
latter method, these are accompanied by the 
corresporiding neocyanines (q.v.) (B.P. 408273, 
1931). Kendall ])rcpared a tljiazolocarbocyanine 
from 2-methylthiolthiazolium p-toluenesulphon- 
ate and rnalonie acid in pyridine (B.P. 431141, 
1933). 'Thiazolo-2'-cyanin .<? (XXVI), prepared 

S 

HC -" \ 

II C--CH~ 
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etc., to give thiaA '-cyavinefi; and with 2*mo1hyl- 
benzselcnazolo aJliiodido to giv(^ a sclc.na-V- 
cyanive. Whenias the absorption maximum of 
each 1'-cyanine closely apf<ro.\imatos to that of 
the analogous 2'-cyanine, the photographic 
sensitising action of tlu' fornuT is much weaker 
than that of the latter (d.C.S. 1934, 1905). 
Brooker and K(‘\'(\s, by taking advantage of the 
reactive nadliyl group of salts of 0-methyl- 
phonanthridine, whicdi may bo considered as a 
derivative of both quinoline and Lsoquinoline, 
prepared lour cyanines. In each instance the 
al)sor])tif)n maximum lay nearer the blue end of 
the spectruju than that of the isorneride con¬ 
taining a /1-naplithaquinoline nucliuis, whilst tio 
sensitising action was shown (J. Arner. Chem. 
Soc. 1936, 58, 659). 

Thiazoiocyaninef^, Thiazolocarbocyan I /vc,s, 

T hiazoJo-2'-cyanines, Thiazolo -1 '-cyanines, 

Thiazolo-‘i'-ryani?ie,6\ and Thiathiazolo-cyanines. 
—Mills and kSmitli poi?it('d out the reactivity of 
the methyl group in a 2-mtdhyltliiazolium salt 
and, by condensing 4-phenyl-2-inethylthiazolo 
methiodide with quinoline metliiodide, obtained 
the 4-phenyl derivative of the parent ihiazolo-A'- 
cyanine (XXIV) (J.C.S. 1922, 121, 2724; cf. 
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3:l'-Dialkylthiazolo-4'-cyamne iodide. 
(Z-Alkyl-2-thiazole)(l-aU'pl-4-quinoline)niethin- 
cyanine iodide. 

XXIV. 


3: r-l)ialkv Itliiazolo-li'-cyaniMc iodide. 

(3 - A Ik yl - 2 -///1 o zol f‘){] -alkyl-2-quinoli)i c)m cth in - 
cyanine iodidr. 

XXVI. 

from 2-melhyltliiazoliiim and 2-iodoquinolinium 
salts, were described by Brooker, Kt^yes, and 
While (J. Amer. Chem. Soc*. 1935, 57, 2492; cf. 
Kodak Ltd., B.P. 408569; 408570, 1932; 

I.G. Farbenind. A.-G., B.P. 386903, 1931), 
and ihiazolo-\'-cyanines, similarly prepared from 

1- i()do?V>quinoliniuni salts, were desorihed by 
Fisher and Hamc^r (J.C.S. 1934, 1905). 

Oxazolo- and SelenazoIo-'Z'-cyanmes .—By con¬ 
densing 2-mothy]-oxazolium or -selonazolium 
salts with 2-iodo(pnnolinium salts, Brooker, 
Keyes and White prepared oxazolo-2'-cyanines 
and a selenazolo-'l'-cyanine (J. Amer. (Jhem. Soc. 
1935, 57, 2492). They may bo represented by 
formula (XXVI), if the sulphur atom be replaced 
by oxygen and selenium resj)ectively. 

Th iazoli n ocarhocyan ines, Thiazolino-2' - 

cyanines, and Thiazolvno-4r'-cyanines. —Quater¬ 
nary salts of 2-methyIthiazoline w'ore first 
applied to cyanine formation by Brooker, who 
by condensation with ethyl orthoformate and 
pyridine obtained thiazolinocarbocyanines, with 

2- iodoquinolinium salts obtained thiazolino-2'- 
cyanines, and wdth a quinolinium salt obtained a 
thiazolin0-4:'-cyanine, all of which are photo¬ 
graphic sensitisers (J. Amer. Chem. Soc. 1936, 
68, 662). The formulae of these three types 
resemble (XXV), (XXVI), and (XXIV) respec- 
tively, but the thiazoline nucleus in each 
instance takes the place of the thiazole nucleus. 
As compared with the corresponding dyes 
containing the thiazole nucleus, those with the 
thiazoline nucleus have their absorption maxima 
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nearer to the region of short wave-length 
(Brooker, lx.), 

Selenaz(di7(ocarbocyanines .—Wliite and Kodak 
Ltd. similarly used quaternary salts of 2- 
mcthylselenazolino to get sdenazohnocarho- 
cyaniries (B.P. 392410; 40G074, 1931). The 
formula rcscmhlos (XXV), hut the selon- 
azoline nucleus takes the plaeo of the thia/xdo 
nucleus. 

2:2' and 2A'-Pyridocarhocyaninvf<, other Pyndo- 
cyanines, and Miscellaneous Cyanines. —PjTido- 
carboeyanincH cannot be obtained from })i<‘o- 
linium salts by the general methods used lor 
other carbocyanines, but Rosenhaiier and 
Barlet succeeded in preparing 2:2'-pyridocarho- 
cyanines (XXVil) by treating 2-pieolino quater¬ 
nary salts, in alcoholic solution, with potassium 
hydroxide and chloroform; by using a y- 
picolinium salt, they j)ropared the iA'-pyrido- 
cnrhocyaiiine (XXVill) (Ih'r. 1929, 62, 2724). 
Ogata and Suzuki pre])ared (XXVfl) by 

y 

,:CHCH:ChL ^ 

"nr nri 

1; l'-l)ialkyl-2;2'-]\vn(l(»( arlH>ry}uiiiic ic(li<lf\ 

J 'alk]il-''Z-pyridinv)tr’nnrthinc\/(inine iodidr, 

XXVIL 





1:l'-l)iaIkyl-4:1'-iiyridocarliocyaniiH' ifuiid*'. 

] -(dk'yl‘i-j)yridine)trinK’tliincyaniti(’ iodide. 

XXVil T. 


treating an a-picolinium salt with chloral 
h 3 ^drate and alkali (Bull. Inst. Phys. Cheni. 
Res. Japan, 1934, 13, 488). Hamer and Kelly 
were able to get 2 pyrIdo-2'-cyanines (XXIX) 



1:1 '-I)ialkyl-2-pyn(l()'2'-ryanlnc iodide, 

( ^-AlkyP''l-'infridiric){i-(dkyl-2-quinoline)metInv- 
cyanine iodide, 

XXIX, 

by the action of caustic alkali on alkiodides of 
2-iodopyridine and quinaldine, but not by the 
alternative method of using those of a-picoline 
and 2-iodoquinoUne (J.C.S. 1931, 777). Brooker 
and Keyes, by employing triethylamine as 
condensing agent, however, were suoco.ssful in 
preparing (XXIX) by the second method, and 
in improving its yield by the first method, 
and found this reagent superior to caustic alkali 
for 2'-cyanine preparations in general, and were 
thus enabled to make cyanines not previously 
accessible, such as 2-pyrido-A'-cyanine, 4t-pyrido- 
2'-cyanine (XXX), 2\2'-pyridocyanines (XXXI), 
and 2A'-pyridocyanines (J. Araer. Chem. Soc. 
1935, 67, 2488). Boilenson and Kodak Ltd. 
found potassium carbonate to bo superior to 
caustic alkali for cyanine condensations (B.P. 
435642, 1933). Brooker, Keyes and White 



i r-T>i(*tbyl-4-]>vrido-2'-cyuiiiiie perchlorate. 
' cyanine percldomte. 

XXX. 



l:r-])icfhjl-2;2'-pyridocyauinc iodide. 
J)is-ll-rdiyl-'S-pyrnline)niet/iincy(ininc iodide. 

XXX r. 

used triethylamine in condensing 2-iodopyri- 
dinium salts with 2-mcthyl-thiazolium or -selon- 
azoliiim sails, to give 2 '-p 7 /ridothiazolocyaniyies 
(XXX n) and P-pyridosdenazolocyanine (XXXJ J, 
substituting Se for S) (4. Amer. Chem. Soc. 

HC—S 

HC C-CH 
NEt 

Il)i('jhyl-2'-])yridothiaz()k)cyaniiu' iodide. 
{i-Ktltyl-'S-pyridine)(\\-ethyl-2-thi<izole)nietlnn- 
cyanine iodide. 

XXX11. 



^NEtl 


1935, 57, 2492), whilst 2-'pyridothiazolino- 

cyanincs /ire similarly obtainabh^ (Brooker and 
Kodak Ltd., Ji.P. 437807, 1933). By con¬ 
densing (juatcniary salts of a-picolino and 
2-mcthyltliiolbenzthiazolt% Kendall prepared 
2-pyridothincyaninr, (XXXlll) and this general 
method of applying a reactive methylthiol 



2: r-l>iallvvl-2'-pyridol liiacyaiiiric iodide. 

(\-Alkyl-2-pyndine)(:^-alki/l-2-0end/iiazole)mcthin- 
cyanive iodide, 

XXXlll. 

in conjunction with a methyl group was also 
apjdied to the preparation of imJothia-, indoxa-, 
oxaoxazolo-, oxathia-, and oxathiazolo-cyanines 
(B.P. 424559, 1933). By condensing alkyl p- 
toluenesulphonates of 3-methylthiobeiizoxazo- 
lono and a-picolinc in pyridine, ho prepared 
the oxa-2'-pifridocyanine (XXXlll, substituting 
O for S), and this method of using alkyl 
p-toluenesulphonates of a thiono- and of a 
methyl- substituted base was also applied to 
some of the types mentioned above (B.P. 
438420, 1934). 

(In naming unsymmetrical cyanines, other 
than those containing a quinoline or tsoquinoline 
nucleus, confusion is avoided by using plain 
numerals to refer to the nucleus which is men¬ 
tioned first, whilst the numerals with a dash 
refer to that which is mentioned second. 
It is convenient to arrange the prefixes in 
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alphabetical order, e,g. indo- precedes oxa-, and 
oxa- precedes thia-.) 

Of other nuclei which have been introduced 
into cyanines, Hamer, Ileilbron, Rcado and 
Walls first used the quinazoline nucleus, 
preparing a quinazocarhocyanine from a 2-raethyl 
salt, ethyl orthoformate and pyridine (J.C.S. 
1932, 2.51). Kendall, by taking advantage of 
reactive alkyltliiol and methyl groiqis, prepared 
various types of cyanines containing one or 
two heterocyclic nmdei having two nitrogen 
atoms, such as quinazoline, pyrimidine and 
thiodiazole (B.P. 42.5609, 1933). By condensing 
the alkyltliiol derivative of such an alkO' 7 )-toluene- 
sulphonate with malonic. acid in pyridine, he 
obtained symmetrical cyanines, in which two 
nuclei of this kind are linked by :CH- (B.P. 
431141, 1933). With crotonic anhydride in 
pyridine a carbocyanine containing two thio- 
diazolo nuclei was similarly prepared (B.P. 
431186, 1933). Ogata descrilied a carbo¬ 

cyanine containing two benziminazole nuclei 
as being prepared from l:2-dimethylbenzimin- 
azole inethiodide, diyjhenylformamidine, potas¬ 
sium acetate, and acetic anhydride (Proe. Imp. 
Acad. Tokyo, 1933, 9, 602). 

Basesy of which Cyanines are the Quaternary 
Salts. —Mills synthesised the ethiodido of di- 
lienzthiazolylmethaiie, which, liy elimination 
of acid, gave the base (KXXIV), of which 


taming a reactive methyl group, or with the 
corresponding pseudo-base, symmetrical carbo- 
cyanines result, w^hilst equimolecular quantities 
give an intermediate, which may subsequently 
be condensed with a second mol. of methylene 
base to give an unsymmetrical carbocyanine. 
Examples are the intermodiati^ prepared from 
(XVI), also those from certain quinaidinium 
salts ; the first of these may be condensed 
with a second mol. of (XVI) to give (XVII), 
or with a different nicthyleno base to give 
an unsyrnmetrical carbocyanine (B.P. 33470(i, 
1928). l.C.I. Ltd., Piggott, and Bodd similarly 
used diarylformamidines, ArNH-CHrNAr, to 
get either symmetrical oarbmyanines (when 
2 mols. of quaternary salt containing a reactive 
methyl group are treated with one of 

ArNHCH.NAr), 


or intermediates (when equimolecular propor¬ 
tions react). Thus (XV) heated with diphony 1- 
formamidine gives (XXXV), wdiilst in the 
presence of acetic anhydride its acetyl derivative 
(XXXVI) is produced (B.P. 344409, 1929). 



CMe, 

\ ■ 

C CH;CH NHPh 

/ 

NMel 



3'-litliylI)i'iizl.hia7.olcnyl-2-hciizthiazolylmethanc. 

XXXIV. 

(X) is the ethiodide (J.C.S. 1922, 121, 455). 
C4ark, from 2-imino-3-methylbenzthiazoline 
and quinaldine, prepared the base, of which 
thia-2"-eyanine (XIII) is the alkiodide (J.C.S. 
1936, 507). Kendall patented a series of such 
bases, including those of wliich 2:2'-, oxa-2'-, 
selena-2'-, thia-2'- and thia-4'-cyanines alsoindo- 
2'-caiboeyaiiine, are the quaternary salts, the 
method being to condense a base, having a 
reactive methyl group, with a quaternary salt, 
having a reactive alkyltliiol, or substituted 
aminovingo group ; the resultant bases sensitise 
differently from, and sometimes more powerfully 
than, the eorre.sponding salts (B.P. 456362,1935). 

Unsyrnmetrical Carhocyanines. —The methods 
whi(di have been described so far for preparing 
earbocyanines lead of necessity to products in 
which the two heterocyclic nuclei are identical. 
It is true that mixtures of two quaternary salts 
may he used, as in the preparation of 2:4'- 
carbocyaninea, but in this case the desired 
product must bo separated from the isomcrides 
which accompany it. Apart from this. Mills and 
Raper were the first to prepare unsyrnmetrical 
2:2'-carbooyanine8, by heating the methylene 
base from quinaldine ethiodido with a substituted 
quinaidinium salt and formaldehyde in alcoholic 
solution (J.C.S. 1925, 127, 2466). The Society 
of Chemical Industry in Basle claimed that by 
condensing I mol. of a compound X*CH:NH 
{e.g. formimino ethyl ether hydrochloride) with 
2 mols. of a heterocyclic ammonium salt con- j 


2-<a-Anilinovinyl-.3;3-dimc‘t.bylin(lolenine methioclidc, 

XXXV. 



CMeg 

^CCH.CHNAcPh 

NMel 


2-ct>--4cctaiiilidovinyl-3:3-dimethylinclolcnino 

inethiodide. 

XXXVT. 


They found that such intermediates, by heating 
with acetic anhydride, potassium acetate, and a 
second mol. of heterocyclic ammonium salt 
containing a reactive methyl group, give carbo- 
cyanines, for example, the intermodiato from 
diphenylformamidino and quinaldine ethiodide 
gives with (XVI) the unsyrnmetrical indo-2'- 
carbocyanine (XXXVll) ; that derived from 
2 -meth 3 dbenzthiazole ethiodido gives with (XV) 
the indothiacarbocyanine (X XXVI11); (XXXVI) 
with 2-methylbenzoxazole ethiodide gives the 
indoxacarbocyanine (XXXIX) ; and the inter¬ 
mediate derived from 2-methylbenzthiazole 
ethiodide gives with 2-mcthylbenzoxazoIe eth¬ 
iodide the oxathiacarbocyanine (XL) ; these 
four dj^es are photographic sensitisers (B.P. 



l;3:3-TrimcthyM'-et.hyllndo-2'-carbocyanine 

iodide. 

(1 :^:3-Trimethyl-2-indolenine)( 1 -ethtd-2-guinoliney 
trimethincyanwe iodide. 

XXXVll. 
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];3;3-Trimetliyl-3'-«'thylindotliiacarbocya«ine 

iodidr. 

{i.Z:\\-TrimethyJ-'l-indoleiime){^-ethyl-2.-hevzthiazole)- 
trirneth incyan ine iodide. 

XXXVIII. 



o 


Me^C 


\ / 

C;CHCH:CHC 

/ '% 


NEt IMeN 



1:3:3-Trlmetliyl-3'-ctbyliiidoxararbocyanino 
i()did('. 

( \-.^M-Trimcthyl-'‘2-ind<denine){‘^-eth’!tl~~-henzoxazolc)- 
Irhrtctiiincyanine todide. 

XXXIX. 



3:3'-I)k'tbyloxathiacarb()('y.‘inine i(Hlidt\ 
('iI'Jtfiyl-2-henzu.razole){3-cifiyl-'2-henzUiiuzole)-' 
tn tnefhincytinine iodide. 

XL. 

354898, ]930). Ogata applio(] tlieir method to 
the preparation of various carboeyaiiinos 
and demonstrated the virtual tantomorisrn 
of this series; yrhercas the dye j)repar(‘d from a 
quaternary salt A and the intermediate from a 
salt B is identical witli that prepared from the 
salt B and the intermediate from A, the yields 
may be different. Ho obtained better results 
with tlio aeetanilido- than with the anilino- 
intermodiate. J^y use of dimethyhjuinolinc, 
etc., he preparecl carbocyanines with an (^xtra 
methyl group, Avhich was subsequently caused 
to react with j^dimethylaminobenzaldehydc 
(Proc. Imp. Acad. Tokyo, 1932. 8, 119; Bull. 
.Inst. Phys. Chern. Res. Japan, 1934, 13, 501, 519, 
549, 55()). In preparing an indoqninazocarbo- 
cyanine, Kendall used pyridine, in place of acetic 
anhydride and potassium acetate (B.P. 425609, 
1933). The I.G. Farbenind. A.-G. states that 
indoxacarboeyanincs arc especially good sen- 
sitisers (B.P. 442160, 1933). To prepare carbo¬ 
cyanines containing an indolenine nucleus, 
they condensed an aldehj^de, such as (XLl) 



L3:3-Trimctliylin(loline-2-iiictl)ylone-w-aldcl»ydc, 

XLI. 


(B.P 438278, 1933), with a quaternary salt con¬ 
taining a reactive methyl group (or with the 
corresponding methylene base), in the presence 
of a solvent and condensing agent (B.P. 438603, 
1933). 


Cyanines with Substituents on the Chain .— 
The first recorded instance of a cyanine sub¬ 
stituted on the chain is the dinitro- derivative 
which Mills and Hamer obtained by treating 
2:2'-carbocyanine with nitric acid (J.C.8. 1920, 
117, 15.50;* Hamer, ibid. 1928, 3160), and the 
second is neocyaninc, which will be dealt with 
in a. lat<*r section. A direct syntliosis of 
the i0-phenyl-2:2'-carbocyanine (XLll) w^as 



3U-I’liciiyl-J:r-dinK‘thyl-2:3'-carbocy.'Uiinc chloride. 

Bis-i 1 -meih yl-'2-(jUinolitie)^-jdienyltrimeth incyan i ne 
chloride. 

XLll. 

effeeded by Fisc-hir and Rosenham'r (Z. angcw^ 
( hem. 1923,36,330), and by Kosenhauer, 8chniidt 
and Unger (Ber. 1926, 59, 2356). by heating the 
methylene base from (piinaldine meihomcthyl- 
suli)haic with benzotrichloride in alcoholic 
solution (r/. Ogata and Suzuki, Bull. Inst. Phys. 
(Jiem. Res. Japan, 1934, 13, 479). Hamer, by 
h(\'iting (piaternarv salts containing a reactive 
methyl grouj> with ethyl orthoacctato in the 
j)rc.sence of pyridine, succH'cdod in ])rc])aring 
{)~'nicfliyllhiacarbory(ininrs (XLl 11), the results 



9-M(‘th.\I-3:3'-dialkylthiacurboryaniiic iodide. 

Bii>-(’2-uU\yl-2-bcnztlii(izole)^-nicttiyltnnieth>ncijanine 

iodide. 

XLll I. 

being negative with other types of heterocyclic 
bases (J.C.8. 1928, 3160). Subsequently 9- 
methylthiacarlxxyanines were obtained from 
1-mcthyl-a- but not from 2-methyl-)3-naphtha- 
thiazolium iodides [ibid. 1929, 259*8). Brooker 
and White, howev(U', obtained a 9-methyl- 
tliiacarbocyanine from 2-mothyl-^-naphtha- 
thiazole, by using the ctho-p-tolucnesulphonate 
instead of the cthiodide of the base. They 
prepared O-iriethylselcnacarbocyanine and 9- 
rncthyloxacarbocyarrinc by use of a 2-methyl- 
benzoxazolium iodide, ethyl (udhoacetatc, and 
triethylainine in pyridine solution. They 
observed that 9-methylthiacarbocyanine is 
formed on heating a 2-methylbenzthiazolium 
salt with pyridine only, and that this same 
method is applicable to salts of mothyl-a- 
and j3-naphthathiazoles, 2-methylbenzselenazole, 
and 2-methylbonzoxazole (J. Amer. Chem. Soc. 
1935, 57, 547). By condensing l-methyl- 

benzthiazolium salts in the presern^o of pyridine 
with various ortho-esters, they prepared thia- 
carbocyanines in which the cjontral carbon atom 
of the chain carried an alkyl, aryl, or aralkyl 
group. d-hJihyU and d-^phenyl-selenacarhvcyanme 
and ^-cthyl~oxacarbocya,nine were also described 
(J. Amer. Chem. Soc. 1935, 57, 2480). White 
and Kodak Ltd. prepared 1-eihylselenazolino- 
carbocyanines (B.P. 392410, 1931), and Brooker 
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prepared 1-elhylthiazolinocarbocyanines (J. Amor. 
Chem. Soc. 1936, 58, 662). Arranging the 
thiacarbocyanines in order of increasing wave¬ 
length of absorption maximum, Brooker and 
White found the 9-aiibstituents to fall in the 
order Me, Et, H, Ph, and the 4:5:'4:5'- and 
6:7:6':7'-dibenzthiacarbocyaiiines and sclena- 
oarboeyaTiinos wore similar, but the oxacarbo- 
cyaninos abnormal (J. Amer. Chem. Soc. 1935, 
57, 2480); the same order was later found for 
6:6'-di(:hloro- or -<libromo- substituted thia- 
carbocyaninos (Boilenson and Horner, J.C.8. 
1936, 1225). The I.C. Farbenind. A.-G. has 
patented n?c.w-substituted oxa-, sclcna-, or 
thia-carboeyaniiK^s, whioli are variants of those 
described above, through having cither more 
coniplex nuclei or nucleu carrying substituents 
(B.P.396217; 402458; 410481,1931; 41.5949, 
1933; 418745; 420971; 421015; 427887, 

1932 ; 432969, 1933 ; 452408, 1934). Although 
they have patented dyes prepared by the aedion 
of earl)on tetrahalogonido on a methylene 
base derived from a rnethyl-iridoleninium salt 
{p,.g. (XVI), derived from (XV^) ), or from the 
corresponding 2-metliylbenzthiazolium or (jiiin- 
aldinium salts, no formula is given (B.P. 373160, { 
1931). Kendall and Ilford Ltd. patented the 
pre])ara-tfon of 7A/c*‘o-8ubstitut(id carbocyanincs 
by using an imino-ether, R'0-CR:NH, instead 
of an ortlio-ester (B.P. 404997, 1932); also by 
condcuising a cjuaternary salt, containing a 
reactive meth 3 d group, with an acid aiih^ydride, 
in the presence of an acid-binding agent (B.P. 
369236, 1930). 

Ogata found the 9-methyl grouj) of thiacarbo- 
cyanincs to be reactive : by treatment of a 
9-methylthiacarboeyanine with furfuraldehyde, 
benzaldohydc, or p-dimeth^daminobonzaldehyde 
in the presence of alcohol and ])iporidine, he pre¬ 
pared the corresponding 9-furyIvinyl-, O-styryl-, 
or O-p-dimcthylaminost^T^dthiacarbocyanine 
(XLTV) (Bull. Chem. Soc. Japan, 19.36, 11, 262). 



cyanine iodido. 

Bis~i\i-etfnjl-2-hen zth ia zole)^-p-d im ethylami n oHyryl- 
trirncth incyanine iodide. 

XLIV. 

By making use of the ortho-ester of thiophen- 
a-carboxylic acid, the I.G. Farbenind. A.-G. 
prepared carbocyanincs wdth an a-thienyl group 
in the w?c50-position (B.P. 403845, 1932). They 
also introduced, into this position, groups such as 
cyc^ohexyl-, furyl-, or pentadecyl-, by treating a 
benzoxazolium salt, containing the desired 
group in the 2-position, with sodium ethoxide in 
alcohol, followed by a quaternary salt containing 
a reactive methyl group (B.P. 439359, 1933). 
By means of ortho-esters, RS-CHg'C (OEt)3, 
the RS-CHg* group was introduced into the 
9-position of thiacarbocyanines, but neither this 
nor the introduction of alkylthiol groups into 


the rings improved either the photographic 
sensitising or the stabilising action of the parent 
dyes (Kiprianov, Suitnikov and Suitsch, J. 
Gen. Chem. Russ. 1936, 6, 576). 

The foregoing methods lead to mew-substituted 
symmetrical (^arbocyanines, but the I.G. 
Farbenind. A.-G., by utilising the alkyl ester of 
an arylated thioirnidc, ArN:CR-SR', prepared 
unsymmetrical carbocyaninf^s with the sub¬ 
stituent R ill the we.so-p 08 ition (B.P, 412309, 
1932). 

Konig, Kloist and Gotze, by condensing 
2-ethvlbcnztliiazolo methiodide with ethyl 
orthoformate, isolated a thincarbocyanine 
(XLV), in wdiich the two lateral carbon atoms of 
the chain bear substituents (Ber. 1931, 64, 1664). 



:i;8;10:.‘r-T(;fcram('lhylt]iiaf’arl)Ocyaniric salt. 

Bis-{‘i-m€thyl-2-bcn.ztJiiazole)ay-diwethyltriim‘thin~ 
cyanine salt. 

XLV. 

The I.G. Farbenind. A.-G. applied such quater¬ 
nary salts, in w hich the rcsactivo methyl group is 
replaced by —CHgR, to the preparation of other 
symmetrical and unHymmetrical carbocyanines 
with one or more R groups in the a-position in 
the (Lain (B.P. 40.5309 ; 411876, 1931), and also 
to obtaining 2'-cyanincs, e.g. XLVI, in which the 
nuclei are linked by :CMe' (B.P. 405309, 1931 ; 



8:C'-Dimf‘t-hyI-3:l'-(liethylthia-2'-(waiiine iodide. 

{Q-Methyl-l.~eiliyl-2-qiiinolme)(',i-eihi/I-2-l)emthiazole.)- 
metfiylmctkinryanin& iodide. 

XLVI. 

423792, 1932). Gotze, however, reported 

that when ethiodides of 2 -eth 3 dbenzthiazolo and 
2-iodoquinoline are treated with alkali, the 
2'-cyanine is accompanied by an unknowm dye 
(Angew. Cliem. 1936, 49, 563). 

By heating the alko-p-toluenosulphonate of a 
base containing an alkylthiol group (or, alterna¬ 
tively, the isomeric thione) with C2/ciopentadien6 
and pyridine, Kendall prepared carbocyanines in 
which the three-car bon chain, joining the hetero¬ 
cyclic nuclei, itself forms part of a cyriopenta- 
diene nucleus. The method was applied to the 
preparation of carbocyanines from dimethyl- 
thiolthio-/3j8'-diazole, and of 2:2'-carbocyanine8 
{e.g. XLVII), as well as of oxa- and thia- 



l:l'-Dimethyl-9:ll-vinylcne-2;2'-carbocyanine 

iodide. 

Bi8-(l'methyl-2-quinolim)ay-vinylenetri methin - 
cyanine iodide. 

XLVII. 
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oarbocyanines. By using indene instead of 
cycZopentadiene, an o-phenylene group may be 
introduced instead of vinylene, and this has been 
done with oxa-, thia-, 2:2'-, 2:2^-pyrido, quinazo-, 
and 4:4'-pyrimido-carbocyanines {e,g. XLVIII), 
besides others containing two thio-/3/5'- or thio- 
a^'-diazolo nuclei. According to the nature of 



NEt NEtBr 


2:2'-Dirnothylthiol-l:l'-diethyl-5:7-o-phonylone- 
6:6'-pyriinidocarl)ocyaT)iiie bromide. 
Bis~{2-mHhylthiol-\-ethuL-^-VUrhnidine)ay-o-phenyUne- 
trimetiiincyan inr brom ide. 

XLVIII. 

the nucUu*, the com})ound8 sensitise, or even 
desensitise, chloride or bromide emulsions; 
the cyclisatioii of the chain has a hypsochromic 
effect (B.P. 431142; 431187, 1933). 

Dicarbocyanines. —Beattie, Heilbron and 
Irving condensed a heterocyclic ammonium 
salt containing a reactive methyl group (or the 
corresponding methylene base) with deriv^ativos 
of broino-, chloro- or nitro-inalondialdehydo, 
or a suitable acraldchyde derivative, e.g. 
the anil of a-bromo-)3-anilinoacraldehyde, 
PhN:CH-CBr:CH N H Ph, either in pyridine in 
the yjresence of piperidine, or in acetic anhydride 
in the presence of potassium acetate; they thus 
prepared cyanines in which the two heterocyclic 
nuclei are linked by a five-carbon chain, the 
central (iarbon atom of wLich carries as sub¬ 
stituent Br, Cl, or NO 2 - As cyanines with a 
throe-carbon chain had boon designated “ carbo- 
cyanines,” these now dyes were called “ dicarbo- 
cyanines.” By using alkiodides of quinaldine, 
lepidine, 2-methyl bonzthiazole, 2;3:3-trimethylin- 
doleninc, and 2-methyl benzoxazole, there wore ob¬ 
tained, respectiv^ely, memsubslitvted-2:2'~, 4:4'- 
thia-^ indo-, and oxa-dicarhocyanines {e.g. XLTX)’ 


R:CHCH:C(N02)CH:CHRi 



10-Nitro-l:3:3:r;3':3'-hexametliylindodicarbocyanine 

iodide. 

1: 3:3-trimetJiyl-2--i7idolmine)y-nitropmtametJtin~ 
cyanine iodide. 

XLIX. 


They found that whilst the halogenodicar- 
bocyanines are sensitisers for the deep red 
or near infra-red, the corresponding nitrodi- 
carbocyaninoa possess desensitising properties 
(J.C.S. 1932, 260; cf. I.C.I. Ltd., Heilbron, 
and Irving, B.P, 353889, 1930). By the action 
of jS-anilinoacraldehyde anil, 

PhNHCH:CHCH:NPh, 


Piggott, and Rodd isolated an intermediate 
compound, which, by condensation with a 
heterocyclic ammonium salt containing a 
reactive methyl group, gave a dicarbocyanine 
wdth an unsubstituted five-carbon chain. 
Where the two quaternary salts are the same, 
the resultant dye is symmetrical, where they 
differ it is unsymnietricjal: c,g. the inter¬ 
mediate from (XV) with l-methylbenzthiazole 
cthiodide gave (L), or, alternatively, this was 


R:CHCH:CHCH:CHRi 



l;3:3-Trlmctliyl-3'-ethyIindothhidicarbocyniiin(3 iodide. 
{\:‘iA^-Trimethyl-2.-indoleni7ie){'^-cthyl'2~henztliiazole)- 
pentamethincyan ine iodide. 

L. 


prepared from the intermediate obtained from 
2 -mcthylbcnzthiazole cthiodide, together with 
(XVI) (B.P. 355(593, 1930). For preparing 

dicarbocyanine intermediates, the I.G. J^'arben- 
ind. A.-G. fotind it advantageous to use an 
organic base, in alcohol, as condensing agent; 
they recorded the absorption maxima of many 
8U(di intermediates, and the sensitising and 
absorption maxima of various typos of un- 
symmetricMl dicarbocyanines prepared from them 
(B.P. 434234; 434235, 1933). They have 

patented various substituted dicarbocyanines, 
including dyes carrying one or more methyl 
groups on the chain (B.P. 388204; 394537, 
1931; 427887, 1932; 452408, 1934) and others 
are described by Beilenson and Haim^r (J.C.S. 
1936, 1225). Kendall and Ilford Ltd. used 
propargylaldehyde acetal, or its derivativ^es, 
for comlensing with quaternary salts containing 
reactive methyl groups, to furnish the three 
central carbon atoms of the dicarbocyanine 
chain (B.P. 390808, 1931), and prepared a 
thiadicarboc 5 nininc by heating 2-metliylthiol- 
benzthiazole metho-^>-toluenc8ulphonate with 
sorbic anhydride in the presence of pyridine 
(B.P. 431186, 1933). In Ogata’s preparation of 
dicarbocyanines by heating a carbocyanine 
intermediate, e.g. (XXXV'), and a quaternary 
salt (XV), with orthoformic ester and acetic 
anhydride, the course of the reaction is not clear 
(Proc. Imp. Acad. Tokyo, 1934, 10, 572). 

Tricarbocyaninefi. —Tricarbocyanines, in which 
the nuclei are linked by a seven-carbon chain, 
were described by three sets of workers. Wahl 
and the I.G. Farbenind. A.-G. condensed (XV) 
or (XVI) with {a) a compound such as 2:4- 
dinitrophenylpyridiiiium chloride (LI), or {b) the 
dye (Lll) obtained (by Zincke and Wiirker, 
Annalen, 1905, 838, 107) by treating (LI) with a 



in acetic anhydride, on an equimolecular 
quantity of a salt such as (XV), I.C.I. Ltd., 


2:4-BinitrophonyIpyridinium chloride. 
LI. 
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Me .Ph 

>N CH:CH CH:CH CH:N^Me 
Ph^ ^Cl 

5-Me.thylanilino-l-i)henyliininonicthoc1iloride- 

pontadionc. 

LII. 

base such as mcthylaniline. With eqiiimolecular 
proportions, in acetic {inhydride, (LIU) resulted. 
But 2 mols. of quaternary salt to 1 mol. of (LI) or 
(LIT) gave the indotricarbocyanine (LIV) (G.P. 

MePhNCH:CHCH:CHCH:CHRi 

O-Mothylaiiillno- Ai^'^^^-hoxatiiene-S'dV-dimeUiy- 
liadoleiiyl inethiodidc. 

LIIL 


amine, etc., instead of caustic alkali, for con¬ 
densing an intermediate of type (LII) with 
the appropriate quaternary salt, succeeded in 
preparing thiazolotricarhocyanines and 4:4'- 
tricarhocyaniiics (Xenocyanifie) (LVII) (B.P. 

Ri CH CH:CH CH:CH CH:CH 

o o 

/ \ / \ 

R'isRN Vr ;RMh-< NRI 

l:l'-IJialkyl-4:4'-trlcarbftcyaninc iodide. 
nis i 1 -alkyl-A-quuioline)hepUimHhincyunin(i iodide. 

LVII. 


R:CH CH:CH CH:CH CH:CH Ri 



] ■3:3:1 ':3':3'-llexaniothyIindotri(*arbocyaniiiC iodide. 

■/S.'S-tri7iiethyl-‘2-i ndolen ine)h eptumeth < ncyanine 
iodide. 

LIV. 

499967, 1928). I.(M. I.td., Piggott, and 

Ilodd also condensed (XVJ) 'with a compound of 
type (Lll) to give (LIV), which they observed 
to bo a aensitiscr for infra-red light (B.P. 
355693, 1930). Fisher and Hamer prepared 
dyes by use of (LI) or a compound of a type 
similar to (LII), preferably the latter, carrying 
out the reaction in alcoholic solution in the 
presence of caustic alkali; the generality of the 
method, in that various quaternary ammonium 
salts containing a reactive methyl group are 
applicable, was pointed out, and the sensitising 
properties for infra-red light were noted. There 
were pnqiarcd Ihiatricarboryanines (LV), in¬ 
cluding those containing a- and )3-naphtha- 
thiazolo nuclei, scleriatricarbocyauincs (as LV, 
but Se for S), thiazollnotricarbocyanines., and 
2:2'-trica7'bocifanines (LVT). The indotricarbo- 


Ri.CH CH:CH CH;CH CH.CH R2 



2:2'-l)mlkylt]iiatrirarbocyaniiu' iodide. 
]iis-{'‘l-(dknl~ \-benztliiazole)heptainethi7icyanine iodide, 

LV. 


RbCHCH:CHCH:CHCH:CHR2 


RMs 




NRI 


l:r-I)lalkyl-2:2'-trlcarbocyanine iodide. 

Bi8‘{l-alkyl-2-ijuinoline)?ieptaniethincyanine iodide. 

LVI. 


cyanine (LIV) was obtained by use of acetic 
anhydride and sodium acetate (J.C.S. 1933, 189). 
Brooker and Kodak Ltd., by using triethyl- 


436941; 437017, 1933). Brooker, Hamer and 
Mees published spectrograms illustrating the 
sensitising action of tricarbocyanincs (Phot. J. 
1933, 73, 258); as did also Hieterle, Diirr and 
Zeh, who pointed out that various types of di- 
and tri-carbo(iyanines had been independently 
prepared in Germany, chiefly owing to the work 
of Konig, and put into commercial use (Z. wiss. 
Phot. 1933, 32, 145). (Certain more complex, 
or substituted, tricarbocyanincs have been 
described (I.G. Farbenind, A.-G., B.P. 388204, 
1931 ; 452408, 1934; Beilenson and Hamer, 
J.C.S. 1936, 1225). As a tricarbocyanine inter¬ 
mediate, KendaU found 2-benzoxazolylpyridin- 
ium chloride, prepared from 2-chlorobenzoxazole 
and pyridine, to be preferable to (LI) (B.P. 
424264, 1933). Brooker and Kodak Ltd. 

patented the preparation of tricarbocyanincs 
by interact,ion of a quaternary heterocyclic 
ammonium salt, containing a reactive methyl 
group, with an alkiodido of 2-iodo-pyridine or 
-quinoline, in pyridine solution (B.P. 435252, 
1933). 

By making use of an intermediate, similar to 
(Lll), but prejiarcd from a suitably substituted 
pyridinium salt, the I.G. Farbenind. A.-G. 
synthesised tricarbocyanincs carrying a methyl 
grouy) on the chain (B.P. 394537, 1931). 

Corbellini and Fusco halogenated anils of type 
(Lll) and used these to make triiuirbocyanines 
with a halogen atom on the chain, and found 
these dyes to be as good sensitisers as the 
parent dyes (Rend. 1st. Lomb. Sci. Lett. 19.35, 
[iij, 68, 961). Dietcrle and Zeh record, on the 
other hand, that tricarbocyanincs carrying a 
y-acetoxy group on the chain (I.G. Farbenind. 
A.-G., B.P. 441624, 1933) {see also under tetra- 
and pcnta-carbocyanines) are less good sensi¬ 
tisers than the unsubstituted compounds (Z. 
wiss. Phot. 1935, 34, 245). To prepare tri¬ 
carbocyanine intermediates, similar to (LIII), 
the I.G. Farbenind. A.-G. found an alkaline 
medium advantageous ; they recorded the 
absorption maxima of several such inter¬ 
mediates, and the sensitising action of various 
unsynimetrical tricarhocyanhies prepared from 
them (B.P. 438449; 438450; 438484, 1933). 

Comparisons of Series. —In the indo- series, 
Kuhn and Winterstein found that the tricarbo¬ 
cyanine is the most easily reduced, the dicarbo- 
cyanine less readily, and the carbocyanine still 
less readily, the cyanine being the most resistant 
(Ber. 1932, 66, [B], 1737). In the 2:2'-, 4:4'- 
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indo-, oxa-, pyrido-, thia-, thiazolino- and thia- 
zolo- series, Ogata tabulated the melting-point 
of the corresponding carbo-, dioarbo- and tri- 
carbo-cyanino, and the sensitising maximum of 
each ; he found the latter to bo shifted regularly 
towards the red on lengthening the polymethin 
chain. He also compared the yields when corre¬ 
sponding carbo-, di<!arbo- and tricarbo-cyanincs 
are prepared by use of the appropriate anil in an 
acid alkaline medium respectively (Proc. 
Imp. Acad. Tokyo, 1932, 8, 421 ; 1933, 9, 002; 
Bull. Inst. Phys. Chem. lies. Japan, 1934,13, 528; 
Ogata and Kimura, ibid. 1934, 13, 537). The 
optical and pliotographic proj)erties of typical 
cyanines were studied bv Bloc^h and Hamer 
(Phot. J. 1928, 68, 21 ; 1930, 70, 374). Fisher 
and Hamer compared the frequencies of 
maximum absorption of methyl alcoholic solu¬ 
tions of the c^uinine, carbo-, dicarbo- and tri- 
carbo-cyanine of various symmetrical tyj)eR, 
correlating frequency changes with changes in 
chemical constitution; e.g. the values of the 
frequency-decreases, caused by each successive 
lengthening of the chain joining the nu(‘lci, 
became smalltT with increasing length of 
chain (Proc. Boy. Soc. 1936, A, 154, 703). 

Tetra- and Penta-carhocyaninds. —8omewhat 
as the pyridinium nucleus of (LI) had been 
ruptured to give the open-chain compound 
(LIl), so Konig had ruptured the furfural 
nucleus, by treatment with an aromatic base, 
to give {e.g.) (LVlIl) (J. pr. Chem. 1905, 
(ii), 72, 555) and that of furylacrolein to 
give {e.g.) (LIX) (7^=1) {ibid. 1913, (ii), 88, 193). 

[PhNHCH:CHCH:C(OH)CH:NPh]HBr 

a-Hydroxyglutaconaldchydc diuuilide hydro¬ 
bromide. 

LVIII. 


RCH:CHCH;C(OH)[CH;CHV 

CH:Ri 

HoC- 

-CH^ 

H..C- 

-CH2 

/ 

\ 

7 

\ 

HgC 

N- 

HjC 

NBr< 

Ris^- 

/ 

\ 

; R' is ^ - 

/ 

\ 




y 



LIX. 


Subsequently, 

K()nig (wdtli Hey, 

S(‘hulze, 


Silberkweit and Trautmann) pre}>ared (iorre- 


sponding dyes with nine- and clcvcn-mcmbcred 
I carbon-chains (LIX, a - 2 and 3, r(iS])cctivcly), 
by rupture of the nuclei of 5-furyl-A“-^-penta- 
diene-l-al and 7-furyl-A“-‘^‘“-heptatrien(i-l-al 
respectively. These dyes are unstable, tlie 
instability increasing as the chain is lengthened. 
By a(ylation (or benzoylation), with an acid 
anhydrides or (dilorido in the presence of pyridine, 
the stability is, however, increased : the pre¬ 
paration of compounds such as (LX) (where n=- 
0 , 1, 2 or 3) made possible the preparation of 

RCH:CHCH:C(OAc)[CH:CHVCH:Ri 
H2C - CHg H.C- - CH2 

HgC N- H^C NBr< 

Ris^-' - ; RMs ^ 

VV \__/ 

LX. 

evanines in whicli tin; nuclei an^ joined bv longer 
chains (Ber. 1931, 67, [BJ, 1274). The l.G. 
Farbeniml. A.-G. has patcnt(‘d such cyaiiiiKJS, 
with a chain of at least seven carbon atoms, and 
describes them as excoIi(‘nt smisitisc^s to infra¬ 
red light; the examples include lO-acetoxytliia- 



S S 

' \ / ' 

C:CH CH;C(OAc)CH:CH CH:CH C 

. / X . 

NMe CIO.NMe 


xPh 




]0-Acetoxy-6:0'-diphenyl-3:3'-diinctli.vIthiatri<mrbucyanine perchlorate. 
Bis-{^'PhenyPS~'methyl-'Z-benzthiazok)y-ac€toxyh€pta}nethuicyanine perchlomte. 

LXI. 



CH CH:CH CH:C(OAc)CH:CH CH:CH 


13-Ace< oxy-l:l'-dimeihyl-4:4'-tetracarbocyaniDe perchlorate. 
Bi8‘{l-methyl-4^-quinolin€)€‘acetoxynonamethincyanine perchlorate. 

LXII. 



^MeCI 04 



l:CHCH;CHCH:C(OAc)CH:CHCH:CHCH:CH 
NMe 



NMeCI 04 


13-Acetoxy-l:l'-dimethyl-2:2'-pcntacart)ocyaiiino perchlorate. 
Bi8"{l-mUhyk2.'guinoline)€’^acetozyundecame^incyanine perchlorate. 


LXIII. 
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tricarbocyanines {e,g. LXI), 12-acetoxy- (or 
12-benzoxy-) thlatetracarbocyanines and the 
corresponding acetoxy- indo-, selena-, and 4:4'- 
tetracarbooyanines {e.g. LXII), also 11-acetoxy- 
tliia- and 13-acetoxy-2:2'-pentacarbocyanines 
(e.gr. LXJJl) (B.P. 441624, 1933). 

Brooker and Keyes have published spectro¬ 
grams showing the sensitising action of such 
tetra- and peiitaearbocyaniries, by means of 
which the furthest photog^aphi(^ excursions into 
the infra-red have been made (J. Franklin Inst. 

1936, 219, 256). For descriptions of the 

sensitising action of dyes of this type, having 
chains of various lengths, see also Dieterle and 
Zeh (Z. wiss. Phot. 1935, 34, 245). 

More recently Dieterle and Biester have 
succeeded in synthesising tetra- and penta- 
carboeyanincs not substituted in the chain ; 
these are more powerful sensitisers than their 
acetoxy-substitiited derivatives (Z. wiss. Phot. 

1937, 36, 68, 141). 

iipoC’ 1 /a nines. —By heating quinoline alkiodide 
with caustic alkali in alcoholic solution, Kauf- 
mann and Stnibin obtained as chief product a 
red coin pound, eryiliroapocyanine^ together with 
Bomo yellow compound, xa7itko£i])ocyanine; 
these wore unlike the other cyanines then 
known, in Ixurig more stable to acid (Ber. 1911, 
44, 090; cf. G.P. 154448, 1903). Konig for¬ 
mulated them as (LXIV) and (L.KV) respectively^ 



1:1 '-r)i(“tliyI-3;4'-c?>t>cyariinc iodide. 

(1 -Ethyl-'6'quinolbic){\-f.t]iyl''i[‘quinolme)&\)ocyaninc 
iodide. 

LXIV. 



1 :l'-Dicthyl-3:2'-c2JocyaTiinc iodide. 

(1 -Eihyl-2-quinoline){ I -et?iyl-3-qui}ioline)aiK)cyanine 
iodide. 

LXV. 

but without giving any evidence (Ber. 1922, 55, 
[B], 3293). The formulae were, however, 

proved to be correct by Mills and Ordish, who, 
by the action of potassium permanganate on the 
erythroajpocyanino from quinoline ethiodide, 
obtained the same oxidation product as Kauf- 
mann and Striibin, and, regarding the product 
as the diethiodide of a diquinolyl, they repre¬ 
sented the reaction thus : 

(^18^13 ^2^^2) ^ "b ^2~ {^18^^12^ 2^^2) ^2'b ^1 I 
By analogy with other cyanines they concluded 
that the only two diquinolyls possible were those 
having the 3:4- (LXIV) and 3:2-linking8 (LXV) 
VoL. III.«~34 


respectively, thus supporting Konig’s formulas. 
Their views were confirmed by the synthesis 
of 3;4'-diquinolyI and the demonstration that 
its diethioilide is identical with the product 
obtained by oxidising erythroa/>c>cyanine with 
iodine (J.C.S. 1928, 81). 

Neocyanines .—Clarke and the Kastman Kodak 
Co. observed that when lopidino ethiodide is 
treated in alcoholic solution with iodoform and 
alkali, there is formed, in addition to the 4:4'- 
carbocyanine (VJII), a less soluble dye giving a 
green solution (U.S.P. 1804674, 1931). This 
compound, neocyanine (or “ allocynnine ”), sen¬ 
sitised further into the infra-red than any dye 
then known (Dundon, tSchocn and Briggs, 
J. Opt. Soc. Amor. 1926, 12, 397; Babcock, 

I Nature, 1928, 121, 830). Hamer found that 
neocyanines also accompany (VIII) when 
lepidine quaternary salts are boated wdth ethyl 
orthoformate in the presence of pyridine ; by 
varying the conditions, the formation of one dye 
at the expense of the other could be hivoured, 
and a 40% yield of neocyanine was thus 
obtained. It was showui analytically that the 
molecule contains two iodine atoms, three 
lepidine residues, and either one or two extra 
carbon atoms ; on the basis of one extra carbon 
atom, a formula was postulated (d.C.^S. 1927, 
2796; 1928, 1472). Ogata described similar 
dyes in which the three lepidine nuidoi 
are replaced by quinaldino or a-picohne nuclei, 
and studied the effect of various reagents upon 
neocyanine formation (Proc. Imp. Acad. Tokyo, 
1932, 8, 503 ; Bull. Just. Biiys. Cliem. Bes. Japan, 
1934, 13, 491 ; Ogata and Tarnnra, ihUL 475). 
Of these reag(*nts, succinic acid ])roved interest¬ 
ing, and he obtained a neocyanine, in 1% yield, 
by heating 2-methylbenzthiazole ethiodide with 
succinic acid and ethyl orthoformate, and also 
prepared a ncocyanino from l;2-dimethyl- 
bcnziminazolo methiodide (lliid. 1934, 13, 497). 
Meanwhile Brooker and Kodak Ltd. had 
observed that w hen a 2-methylthiazolium salt is 
heated with ethyl ortlioformate, in the presence 
of pyridine, it behaves as does a lepidinium salt, 
in that the carbocyanino is accompanied by a 
dye of the ncocyanino type, which is, in some 
instances, the main product ; although the 
neocyanino is usually less soluble than the carbo- 
cyaninc, the contrary is sometimes true. They 
postulated a formula for their noocyanine in 
which two acid radicals, three residues of 
methylthiazole, and two extra carbon atoms 
are involved (B.P. 408272, 1931; 408273, 

1932). In Konig’s formula for neocyanine, 
which may bo simplified into (LXVl), the 
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number of extra carbon atoms is two; he 
regarded it as a substituted dicarbocyanine (Z. 
wiss. Phot. 1936, 34, 16). Prom the absorption 
maxima of 4:4'-carbocyanine. 4:4'-dicarbo- 
cyanine, and noocyanine, Hamer is of opinion 
that the last may bo regarded more correctly as 
a substituted carbocyanine (Chem. and Ind. 
1935, 13, 640). 

Azacyanines .—Starting from 2-aminoquinolino 
and 2-chloroquinoIine, Hamer synthesised the 
2'.2'~azacyanine (LXVHl) (then called “2:2'- 
azocyardne ”), in which the linking between the 
two quinoline nuclei is not by :CH‘ but by :N‘. 



l:l'-Dimethyl-2:2'-azacyanine iodide. 

Bis-{i-metJi'ul'‘2.-Quinoline)azamethincuanine 

iodide. 

Lxvir. 

It differed from the cyanines in that it was not 
decolorised by acids (J.C.S. 1924, 125, 1348). 
Fuchs and Grauaug synthesised carbocyanine 
analogues, in which the chain :CH*CH:CH- is 
replaced by :N N;CH*, by condensing a hetero¬ 
cyclic aldehyde {e.g. quinoline-2-aldohyde metho- 
perchlorate) with the hydrazone of a hetero¬ 
cyclic ketone {e.g. 3-ethyl-2-benzthiazolone 
hydrazone). They prepared two dyes containing 
one benzthiazole and one quinoline nucleus 
(LXVIII), one with two benzthiazole nuclei, and 
one with a pyridine and a benzthiazole nucleus. 



3:l'-DiaIkyl-8:9-dlazathia-2'-carbocyanine 

perchlorate. 

(l-Alkyl‘2-quinoline)(^-alkyl-2-he7izthiazole)^y- 
Hsazatrimethincyanine 'perchlorate. 

LXVIII. 

They noted that the colours of these dyes 
in solution vary from yellow to deep red, 
and they all act as photographic desensitisers 
(Ber. 1928, 61, [B], 67). 

Kendall, by condensing a quaternary hetero¬ 
cyclic ammonium salt, containing an NHg 
group in the a- or y-position, with a similar salt, 
containing a reactive alkyl thiol group or iodine 
atom, prepared various 2:4'-, 4:4'-, oxa-, thia-, 
thia-2'-, and thiaA'-azacyanines. When instead 
of a quaternary salt containing an NHo group, 
the corresponding base {e.g. 2-aminobenzthi- 
azole) was subjected to such a condensation 
{e.g. with a 2-methylthiolbenzthiazole quater¬ 
nary salt), a base, e.g. (LXIX), was obtained, of 



3'-Methyl-2-benzthiazolylidcneaminoheuzthiazole. 

LXIX. 


which the thia-azacyanine is the quaternary salt. 
By condensing a heterocyclic nitrogenous base, 
containing an a-NHg group as substituent, 
wdth ethyl orthoformate, Kendall obtained sub¬ 
stituted formainidines, e.g. 2-aminobonzthiazole 
gave (LXX), which could bo converted into the 
diazaih'iacarbocyard'ne (LXXI). Treatment of a 



2;2'-I>ibonzthiazolylformaTnidiue. 

LXX. 



3:3'-J)iniothyl-8:10-diazathiararbooyaTiini* iodide. 

Dis-{‘i-'niethifl-2-bcnzthiazole)aY-diazatritaethincyani'ne 

iodide. 

LXXl. 

2 -aminobenzthiazoliura salt with ethyl ortho¬ 
acetate and pyridine gave the 9-mcthyl deriva¬ 
tive of (LXXl). Kendall noted that (LXVII), 
(LXVIII), and their analogues, and also bases 
such as (LXIX) and (LXX), act as sensitisers 
to gclatino-chlorido photographic emulsions 
(B.P. 447038; 447109, 1934; 466419, 1936). 
Ho has postulated the theory that a substituted 
arnino-group has the power of increasing the 
sensitising action of a cyanine dye when intro¬ 
duced in such a position that the carbon chain 
between it and one of the original nitrogen atoms 
is odd as opposed to even; similarly the 
sensitising properties of (LXXl), as contrasted 
with the desensitising properties of (LXVIII), 
are attributed to replacement by an odd- 
numbered of an even-numbered carbon chain 
(Proc. Ninth Internat. Congr. Phot. 1936, 227). 

Definition of a Cyanine .—A cyanine is 
characterised by possessing two heterocyclic 
nuclei containing nitrogen; one of these 
nitrogen atoms is tertiary and the other quater¬ 
nary and they are united by a chain of con¬ 
jugated double bonds, so that the number of 
carbon atoms in the chain is necessarily uneven; 
one or more :CH' groups in the chain may be 
replaced by one or more nitrogen atoms. 

Compounds related to the Cyanines .—The above 
definition excludes certain typos of compounds, 
which are sometimes described together with 
cyanines. Such are the following: (a) com¬ 

pounds in which both nitrogen atoms are 
quaternary and the chain consists of an even 
number of carbon atoms, (6) styryl compounds, 
to which type the sensitiser Finaflavol belongs 
and to certain members of which type K6nig 
(Z. wiss. Phot. 1936, 34, 16) assigned the name 
“ semicyanines (c) the related anils, which are 
usually desensitisers, and {d) dyes prepared by 
condensing certain cyanine intermediates with 
compounds containing a reactive cyclic or non- 
cyclic methylene group. 

Nomenclature of the Cyanines .—According to 
the historical treatment adopted in the present 
article, each point of nomenclature has been 
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dealt with as it arose, so that the system which 
has grown up in the British and American 
literature has been made clear. As it requires 
acquaintance with such a large number of 
group names, it is, however, far from satisfactory; 
the cyanines are now revealed as comprising a 
far greater number of different types than was 
originally contemplated, and the nomenclature 
has also boon complicated by the fact that some 
of the simplest members were not amongst the 
first to bo prepared. Kdnig pointed out the 
inconveniences attaching to the use of these 
group names, and proposed a systematic nomen¬ 
clature (Her. 1922, 55, [B], 3293), which has, 
however, proved cumbersome in actual use. 
The system denoted in the 1936 edition of 
“ Beilstcins Kandhuch der organischen Chemic ” 
(which deals with the literature up to 1910) 
has the great advantage that, once a few simple 
principles have been laid down, each and every 
cy.'iTiine can ()e named systematically. Such 
principles are as follows ; ( 1 ) the above 

definition of a cyanine (which is narrower than 
that of Boilstein) is taken ; (2) each ring is 

denoted by its usual description and numbering 
(following TIichtcr’s “ Lexikon ” and the 
“Journal of the Chemical Society ”), and the posi¬ 
tions of linking are indicated ; (3) the number of 
methonyl groups linking the nuclei is denoted by 
apo (for none), methin, trimethin, pentamethin, 
etc.; (4) the presenc.e of :N* replacing :CH* 
in the chain is clonotod by the term aza^ which is 
alrea.dy in use in international nomenclature 
for :N- replacing :CH in a ring. Below the 
graphic formula of each cyanine in the present 
article has been given the name at present 
accepted, whilst below that, printed in italics, has 
been added the systematic namo as arrived at 
from the principles formulated above. 

F. M. H. 

CYANOGEN V. Cyanides (this vol., p. 503). 

CYAN 0 MACLURIN,Ci 5 H, 20 a. Acolour- 
less crystalline compound found in Jak-wood ; 
it is fairly readily soluble in water and gives a 
colourless precipitate with basic*, lead acetate 
and a violet colour with ferric chloride. When 
fused with alkali it gives ) 3 -resorcyhc acid and 
phloroglucinol. The penia-acetyl derivative, 
CisHyOgACg, has m.p. 136-138°, the penta- 
benzoyl derivative, m.p. 171-172°. Gyanoma- 
clurin is probably a reduction product of 
morin (Perkin, J.C.S. 1905, 87, 715). 
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CYANOPHORIC GLYCOSIDES. A 

considerable number of glycosides have been 
isolated from plants which yield hydrogen 
cyanide when hydrolysed, whilst the formation of 
hydrogen cyanide by a plant is attributed to the 
presence of a glycoside. The most interesting 
of these is amygdalin (g.v.), which contains the 
sugar gentiobiose, as does also lotusin from 
Lotus arabicus. Vicianin, from the seeds of the 
wild vetch, contains the disaooharide vicianose. 


Cyanophoric glucosides are prunasin, prulaura- 
sin, sambunigrin, dhurrin, gynocardin, linamarin, 
hiptagin. 

A list of plants containing hydrogen cyanide 
compiled by Gresholf (Rep. Brit. Assoc. 1906, 
138) and another by Rosenthaler (Chem. Zentr. 
1919, iii, 274; 1930, ii, 932) enumerate 

360 varieties in 148 species and 41 families. 
In general the presence of hydrogen cyanide 
in plants appears to bo incompatible with that 
of alkaloids and terpenes. The amount of 
cyanophoric glycoside varies according to the 
conditions. Linseed, which contains linamarin, 
produces considerably less hydrogen cyanide 
when grown in this country than in the Orient, 
where it is grown under conditions of drought 
and high temperature. The cyanophoric glyco¬ 
sides are hydrolysed by acids anrl by the 
specific enzymes wliich accompany them in the 
plants, most of them are attacked by emulsin. 

E. F. A. 

CYAN UR 1C ACID v. Cyanides (this vol., 
p. 506). 

CYCLAMIN, C 63 H 110 O 32 , m.p. 251°, 
[ajp — 22 °, the saponin glycoside present in 
cyclamen tubers {Cyclamen europacum). Accord¬ 
ing to Dafert (Bcr. der Pharm. Ges. 1926, 
264y 409; 1930, 268y 289), it is hydrolysed 
to the aglu(!one, cyclamiretiny 
glucose (3 mols.) and Larabinose (2 mols.). 

E. F. A. 

opoCYCLENE. 

HoC—CH—CH, 

I I I 

! CMej 

1 I I 

HC-!-CH 

I 


apoCyclene, C 9 H 14 , m.p. 42-5-43°, b.p. 138- 
139°/764 mm., dj® 0-871, nj® 1-43144, is formed 
when camphonilyl chloride (I) is heated with 
diethylanilino or when camphenilol (II) is 
digested with potassium hydrogen sulphate at 
180-190° (Komppa and Roschicr, Annalen, 
1922, 429 , 187; Gratton and Simonsen, J.C.S. 


CH2 

:4h- 


-CHR 


I. R-Cl; II. R-OH. 


HX—CH—CMCa 


CH, 


III. 


1935, 1621; Komppa and Nyman, Ber. 1936, 
69 , [B], 338), Since it is stable to potassium 
permanganate it can bo readily purified. Accord¬ 
ing to Nametkin and Alexandrov (Annalen, 
1928, 467 , 191), it can be conveniently prepared 
by heating camphenilone hydrazone (III) with 
mercuric oxide and alkali. 

J. L. S. 
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CYCLENES (CYCLIC OLEFINS). 

These substances do not for the most part occur 
naturally, although the monocyclic terpenes 
must be regarded as members of the group. 
They can, however, readily be derived from 
various simple derivatives of the saturated 
cyclic liydrocarbons (cyolanes). Mono-, di-, 
tri-, and tetra-olclinic members of the group 
are known ; also dilfer(mt series of cyclenes are 
to be distinguished according to the number of 
carbon atoms forming the ring. 

Mono-olefins. —Tlie number of known mono- 
ololinic cychmes is very large, and the various 
series represented by these (;ompounds range 
from that in which the ring contains four carbon 
atoms (cyc/obutcncs) to that in which it contains 
seventeen car))on atoms (cyr/ohej)tadecenoa). 






ci/r/oIToptadoccnc. 


The members of the different series are usually 
derived from cyclic alcohols, which in turn are 
derived by reduction of the corresponding cyclic 
ketones. The alcohols are dehydrated directly 
by warming them or refluxing them with small 
or larger amounts of suitable dehydration- 
catalysts (hydrobromic acid, iodine, zinc 
chloride, Bulj)huric acid, etc.) or by passage of 
their vapours over suitable contact catalysts 
(alumina, kaolin, etc.) heated to approYmiate 
temj)eratureH ; alternatively, they are converted 
into the corrcH])onding clilorides or bromides by 
treatment with halides of hydrogen, phosphorus 
or sulphur, and thtmee into the (yclio olefins 
by the action of boiling alcoholic caustic alkali, 
boiling quinoline or other basic reagent, or less 
commonly by the j)asKage of their vapours 
over suitable heated deltydrohalogenatioii 
catalysts. In the cT/r/oliexene series, how'ever, 
the requisite alcohols can frequently be derived 
in quantity by catalytic hydrogenation of the 
corresponding jihenols ( 8 abatier-fSenderens pro¬ 
cess), and henc(* c’/yc/ohexene and its simjder 
alkyl derivatives may be prepared relatively 
cheapl}'^ on a cominercual scale. In the case of 
certain dialk^d-ryc/ohcxenes (menthenes) the 
mono-olefinic hydrocarbons may bo obtained 
by the partial hydrogenation of di-olefinic 
terpenes (menthadienes). 

The mono-olctinic tyclencs are volatile liquids 
of petroleurn-IiUe odour and in their Y)hyHical 
and (hcmical properties closely resemble the 
open-chain olefins. Certain jdiysical properlh's 


MoNO-OI.KFTNir CYri.ENKS. 



ihp. cc.). 

d 


c?/r/oButene. 

1 -5-2 

0-7332 

— 

„ Pentene. 

441-44() 

0-774.3'/ 

l-4218^s 

,, Hexene. 

83-8:1-5 

0-8102f 

1.445122 1 

,, Heptcnc . 

113-115 

0-8228f 

l-45522« 

,, Octene. 

145 

0-855/ 

1.47420 

,, Pentadecene. 

m.p.36-37 

— 

— 

,, Hejitadecene. 

m.p. 47 

— 

-- 

1 -Methyl- A ^-cychqientene. 

72 

0-7758'f 

— 

1-Methyl-A ,, . 

69 

0-7663/ 

1 -4222^^ 

1:1-Dimethyl-A . 

76-78-5 

0-7580/ 

1-419020 

1 : 2 - „ .A‘-. 

103-103-5 

0-7923/ 

1.447ia-6 

1 -Methyl- A ^-ryc/ohexene. 

108 

0-8099/ 

1-449620 

1- „ -A“- „ . 

104-106 



1 - „ -A=^- „ . 

103 

0-7986/ 

1-44310 

i l:2-Dimothyl-A‘^-<’y^’^ohexonc. 

136-5-136-5 

0-8226/ 

1 •468021-6 

1:4- „ -A^- „ . 

124-126 

0-7985/'^ 

1.44422 

; 1 : 1 - -A«- „ . 

119-6-121-2 

o-sose/'-^ 

1 •44610*2 

1:3- „ -A^- „ . 

124-126 

0-7998^‘'^'^ 

1-446621 

1:3- „ -A^- . 

126-127 

0-8074/'* 

1-450817 














CYCLENES (CYCLIC OLEFINS). 


of the more important cyclenes are given in the 
table (p. 632). The most important of the simple 
cyclones are ryc^opentene and cycZohexene, 
which are respectively the parent compounds of a 
large array of alkyl- and polyalkyl-cvc/oj)entenes 
and -cycZohexenes. The alkyl- and jiolyalkyl- 
derivaLves of both series are almost invariably 
obtained from the corresponding alcohols or 
their halogen esters by the methods mentioned 
above. Allied to the cyclenes and resembling 
them in methods of formation and in chemical 
behaviour are the alkylidene-eyclanes of general 
formula, (CH 2 )j?>C = CRR'. 

(iyiiXoProjmie is reported to be formed together 
with other products by heating barium i)yro- 
miK'ate, and c?/ch;biitcno by the distillation of 
trimethyl-c 7 /c?obutyl-ammonium iodide, but the 
identity of both pro<liiets appears to be some¬ 
what uncertain. 

i‘yc\oHcoccri€ is a ty^pical cyclone and is prepared 
on a largo scale by dehydration of cyclo- 
hexanol. When the latter (4()0 g.) is heated with 
concentrated sulphuric acid (12 c.c.)at 1.30-140", 
and hnally at 150", r//r/ohexene distils (Organic 
Syntheses, V\ 33). The crude hydrocarbon is 
waished suceessivtdy with alkali and with w'atcr, 
and is then dried and distilled (yiehl, 78-87%). 
cycZoHexen(‘ reacts with (ihlorine, bromine, 
hyj)ochlorous a(4d, and hydrogen (in presence of 
Pt or Pd) to give the corresjjonding chloride, 
bromide, chloroliydrin, arid (iyclane respru-tivady, 
and it is oxidised by alkaline permanganate to 
adijiic acid. On long treatmmit with oxygen it 
gives a 0-75% yield of the peroxide C 6 Hiy 02 , 
together with a syru]) which is pi-obably the 
dimeric jreroxidc (Stejihena, J. Ainer. (hem. 
8 oc. 1928, 50, 508), a much larger yield (20%) 
of practically pure peroxide is formed w hen it is 
irradiated in presence of oxygen (Hock and 
Schrader, Naturwdss. 1936, 24, 159). This ])er- 
oxide gives, (a) with 2 A’^-sulphuiic acid, cyclo- 
hexanecliol, m.p. 104" (50% .yield), and cyclo- 
pentene aldehyde ( 10 - 20 % yield), and ( 6 ) with 
concentrated caustic soda, A ^-<^‘.yfZohexen-3-ol, 
which also is produced by rccluction of the 
peroxide with sodium sulphite (Hock and 
Schrader, Lc.). With a 7% or a 20% ethereal 
solution of peracetic acid qycZohexcno yields 
cyclohoxcnc oxide, CgHi^O, which is hydrated 
to the trans glycol, m.p. 103", by sulphuric acid 
(Arbusov and iVliehailov, J. pr. Chem. 1930, 
[ii], 127, 92) ; with lead tetracetate it yields 
1:2-diacetoxy ryr/ohexane, 3-acctoxy- A ^ -cyclo- 
hexene, as well as 3:3- and 3:6-diacetoxy-A 
cyc/ohcxenc ((Jriegee, Annalcn, 1930, 481, 263); 
w'ith liquid sulphur dioxide in presence of a 
catalyst (HgOg) it yields a polymeric sulphone 
(Frederick, Cogan and Marvel (J. Amer. Chem. 
8 oc. 1934, 66, 1815). When its vapour, mixed 
with carbon dioxide, is passed over finely divided 
nickel at 180° it undergoes disproportionation to 
yield a mixture of benzene and cycZohoxanc : 

3CeH,„->CeH„+2CeH,2 

(Boeseken and Sillevi.s, Proc. K. Akad. Wetensch. 
Amsterdam, 1913, 16, 499), and when it is 
treated with aromatic hydrocarbons in presence 
of anhydrous aluminium chloride, addition of the 
former occurs at the unsaturated centre of the 
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cyclene (Bodroux, Compt. rend. 1928, 186, 
1005): 

C6H,o+^)-C„H 4{CH,)2 >CeHi,CeH3(CH3), 
CeH,„+l:3:5-C3H3(CH3)3 

->CeH„CeH3(CH3)3 

Polymerisation of cyclohext'ue to the dimeric 
stage {cyclohexyl-eyelohexent^} can be effected 
with phosphoric oxide (TruffaiiJt, Compt. rend. 
1935, 200, 406), and to di-, tri-, tetra- and 
poly- meric stages with boron trifluoride (Hof¬ 
mann, Chem.-Ztg. 1933, 57, 5). 

Di- and poly-olefins. —The most important 
of these are ryr/o])enta(licnc, which occurs in the 
forerun of benze-ne from coal tar, and the 
monocyclit; terpenes, various of which are 
contained in the essential oils of a number of 
plants. All other mejnbers of the group, whether 
(!Ontaining five-carbon, six-carbon, or higher 
rings, are obtained by synthetic means. With 
file exception of ryc/o})entadiene and the 
naturally-occurring terpenes (menthadieiKis), 
tht^y are almost invariably prepared by the 
removal of hydrogen luilide from dihalogtuio- 
cyclanes, dihalogeno-eyc'lencs, or cyclic dihalo- 
geno-diene.s, either directly by thc! action of 

alkalis, e.g.: 

CH 2 

H 2 C "cHBr 

I I 

HjC CHBr 



c//rk>nexeiie dibroruidi*. 


NaOEt HgC CH 

I -^ I I 

H.,C CHOEt 

CH.> 

CH 

11 oat H 2 C CH 

-^ I I 

HgC CH 

CH 

A^‘^-ri/c?GiH('xadiene. 

or more usually by the exhaustive methylation 
method of Hofmann. According to the latter 
method the halogeno-oompound is treated with 
an organic base and the resulting amino-com¬ 
pound exhaustively methylated in order to 

produce a quaternary ammonium salt ; this salt, 
or more usually the corresponding quaternary 
ammonium hydroxide obtained from it by the 
action of silver oxide or caustic alkali, is distilled, 
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CYCLENES (CYCLIC OLEFINS). 


whereon the basic radical is eliminated, and the 
unsaturated hydrocarbon formed, e.g ,: 

CHBr—CHg—CH 2 

I /CHj 

CHBr—CHj—CHjj 

Subereuc dibromide. 


MeoNH 

CH-CH—CH2 


CH—CHg-CHg 


NMOg 

Mel 

CH-CH—CHg 

! 

CH-CHg-CHg 

AggO 


NMegOH 

CH-CH—CHo 

Heat 1 

y 'y 


1 ^ 

CH-CH—CHo 


A ^ eptadiene. 


readily be separated from other materials by 
fractionation (Perkins and Cruz, J. Amer. Chem. 
Soc. 1927, 49, 517). The dimorido, containing 
two isomeric di-cyeZopentadienes, is obtained as a 
low-molting crystalline mass, b.p. r)6°/13 mm. 
(Wieland and Borgol, Annalcn, 1925, 446, 

19; Farmer and JScott, J.C.S. 1929, 177), 
which pn)greHsively reverts on slow refluxing 
under a short column into monomeric cyclo- 
pentadiene. The latter again polymerises on 
standing and even after a few hours contains a 
measurable (piantity of dimeride, with smaller 
quantities of higher polymerides. For the 
structure and stereochemistry of dimeric and 
trimeric cyc/opentadiene, see Ann. Reports, 
1932, 29,' 113; 1936, 33, 238. eyeZo- 
Pentadiene is especially interesting in that it 
contains a methylene group, which, owing to its 
position betwe(Mi doubly-bound carbon atoms, is 
highly reactive. The hydrogen atoms of this 
methylene group are replaceable by alkali 
metals, and also react readily with the oxygen of 
ketones giving rise to coloured hydj*ocarbon 
condensation products of the type known as 
fiUvctieSy which, like cycZopcntadicne, arc prone 
to undergo polymerisation. 


It is to be remembered that elimination reactions 
occurring in a grouping ^CH—CHX—CH<^ 
may in general take two directions, yielding 
>C=CH—CH< and >CH—CH-C<, so 
that mixtures of isomeric dienes and polyenes 
are frequently obtained by the above-named 
preparative methods. Such mixtures are 
usually inseparable by ordinary fractionation 
methods, but in those mixtures the conjugated 
forms appear usually to predominate over 
unconjugated forms. The physical properties 
of the more important cyclic dienes, cyclic 
trienes, and fulvenes are given in the table 
below. 

cyQloPentadiene may be conveniently prepared 
from benzene forerun which has been aged by 
standing for four weeks or longer after distilla¬ 
tion. The eyeZopentadiene originally contained 
in the forerun has then largely become con¬ 
verted into dimeric eyeZopontadiene, wliich can 


HC"'' \ 

I C;CMe2 

/ 

Pimethylfulvcne. 


CH 

\ 

^iCMePh 

/ 


HC 

I 

HC 

'^^CH 
Mcthylpheuylfiilveue, 


eyeZoPentadiene is a conjugated compound 
and possesses similar additive properties to the 
conjugated open-chain dienes. It yields 
two dibromides, (i) m.p. 45-46", and (ii) an oil 
(Farmer and Scott, Z.c.), and unites spon¬ 
taneously and quantitatively with maleic an¬ 
hydride (Diels and Alder, Annalen, 1928, 
460, 98; Alder and Stein, ibid, 1932, 496, 197; 
Ann. Reports, 1930, 27, 88 ) to give a crystalline 
derivative ( 1 ), which is suitable for characterisa¬ 
tion of the hydrocarbon, and with quinone 
(1 mol. or 2 mols. to 1 mol. of quinone) to give 


Conjugated Cyclic Dienes and Polyenes. 



B.p. ("C.) 

d 

Wii 

eyeZoPentadiene. 

40*2-41-6 

0-82282 

1*446316-2 

„ Hexadiene. 

78*3-78*8 

0-8404“ 

1-4756“ 

„ Heptatrieno. 

116 

0-8876l®'“ 

1*5213^® 

„ Octatetraene. 

36*2-36*4 
(14 mm.) 

0*925f 

1*539420 

Dimethylfulvene. 

49-50 
(11 mm.) 

O-SSl^^* 

1.547420 

Ethylfulvene. 

74 

(26 mm.) 

*— 

— 

Methylphenylfulvene. 

130*6 

( 10*6 mm.) 

— 

— 

Diphenylfulvene. 

m.p. 82 

— 

— 
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derivatives (II) and (III) which are convertible 
by successive elimination of the ondomethylene 
bridges and dehydrogenation into naphtha- 
quinone and anthraquinone respectively. 


CH 


H 

HC 


H COx 


“CH 


CH 


I. 


CH 


CO 


HC 

II 

HC 


CH. 


CH 


CH 

. I 

CH 


CH 


CH 




Jl. 


CH CO CH 

HC"^ 1 ^CH^ ^CH^ 1 ^CH 

II CH, I I CH,|| 

HC^ I \ \ I 

^CH ^CO ^CH 

III. 


iiyclollcxadicnt is known in conjugated 
(A^‘^) and iinconjugatcd (A^’**) forms, which are 
frequently formed together by dehydrohalogcna- 
tion of various dibroniocT/cioliexanes or dehydra¬ 
tion of dihydroxy-ryc/ohexanes. Pure 
cyr/ohexndiene may, however, bo obtained by 
the action of sodium ethoxide on ri/r/ohexcno 
dibromido (Hofmann and Damin, “mitt, schles. 
Kohlenforsch. Kaiser-Wilhelm-Gcs.” 1925,2, 97). 
This substance resembles closely the open-chain 
conjugatetl diolefins: it differs from cyclo- 
pentadicne in that it contains no reactive 
methylene group and polymerises only on 
prolonged heating. For the structure of 
dimeric c?/ciohcxadiene, see Alder and Stein, 
l-c.). A^'^-<^?/<^^f>Ilexadiene combines spon¬ 
taneously with maleic anhydride and with 
quinone to give crystalline addition products 
analogous to those formed from Ci/eZopentadiene. 
^ 1:3:6.(.yclo/ZeptoZne/ie {Tropilidme) 

CH-^CH-CH 

I ^^^^2 

CH—CH-CH 


is a colourless liquid which readily resinifies in 
air. It has been obtained from cyrioheptene 
dibromido by the Hofmann method (^ee above), 
eyeZoheptadiene being obtained at an inter¬ 
mediate stage. 

QyeloOctatetraene has also been prepared 
by the Hofmann method from A-methylgrana- 
tanine (I), the first-formed cycZooctadiene (V) 


being converted successively into cycZooctatriene 
and cycZooctatetraene. 

CH,—CH—CHo 

I 1 1 

CH, NMe CH, 

I i I 

CH,-CH—CH, 

I. 

CH,-CH-CH, 

I I I 

-^ CH, NMe20H CH, 

I I I 

CH,-CH-CH, 

II. 

NMe, 

I 

CH,-CH-CH, 

I I 

-^ CH, CH, 

1 I 

CH,—CH CH 

ITT. 

NMeyOH 

CH,-(in—CH, 

-^ CH, CH, 

CH,-CH rCH 

IV. 

CH,-CH - CH 

I I 

-^ CH, CH, 

I I 

CH,— CH CH 

V. 

ry/rZoOctatotraeno is of interest in that despite 
the fact that its molecule displays unbroken 
cyc^lic conjugation, it lias no aromatic character¬ 
istics ; moreover, it resembles in its additive 
properties and ease of degradation the open- 
chain conjugated dienes. Like ben/^eno, its 
molecular refraction is normal, exhibiting no 
exaltation. 

E. H. F. 

CYCLOFORM. Trade name for the iso- 
butyl ester of ^-aminobenzoic acid, m.p. 65°. 
Local ana?8thetic. 

CYCLONITE (cycZotrimethylenctrini- 
tramine), (CHg-NNO,),, also known as 
“ Hexogen ” and “ T.4,” is an explosive which in 
recent years has been the subject of considerable 
attention from the military authorities of several 
countries in the course of the search for more 
powerful fillings for bombs and other munitions. 
The conyiound was first described under the 
name “ Hexogen ” in 1899 by G. F. Henning 
(O.P. 104280), who prepared it by nitrating 
hexamethylenetetramine, the latter being 
derived from formaldehyde by condensation 
with ammonia. The material received little 
notice, however, until the commercial synthesis 
of methyl alcohol, leading to cheap supplies of 
formaldehyde, rendered its production on an 
industrial scale an economic proposition, 
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Manufacture .—According to E. von Herz 
(U.S.P. 1402693), cyclonite may bo prepared on a 
small scale by adding 70 g. of well dried hexa¬ 
methylenetetramine in small quantities to 
500 g. of nitric acid (sp.gr. 1-52) with continuous 
stirring, tho tomperature being kept between 20° 
and 30°C. After the addition of tho hexa¬ 
methylenetetramine is completenl, the mixture is 
heated slowly to 55°C., at which temperature it is 
maintained for 5 minutes. The mixture is then 
cooled to the original temperature and diluted 
with four times its bulk of W’atcr. Tho pre¬ 
cipitated cyclonite is separated, washed first 
with cold water, then with hot dilute soda 
solution, finally with water again, and then 
dried. The crude material may be rccrystallised 
from acetone. 

This direct nitration of hexamethylene¬ 
tetramine has boon cxtensivcl}^ studied by Halo 
(J. Amer. Chem. Soc. 1925, 47, 2754), who 
obtained a maximum yield of 75%, using nitric 
acid of 100% strength and working at a tempera¬ 
ture of — 20'X\ 

Tho industrial production of cyclonite has been 
developed by the Nobel Dynamite Company of 
Avigliana (Italy) under tho name of “ T.4.” 
Details of a process suitable for commercial use 
are given in B.P. 388615, 1932. 

According to this method, hexamethylene¬ 
tetramine (H/M/T) is pre])ared by bubbling 
ammonia through a saturated solution of form¬ 
aldehyde, with suitable cooling. The product is 
acidified with nitric acid, thus precipitating the 
dinitrate of H/M/T, w'hicli is filtered off and 
dried. One part of this salt is then dissolved in 
7 parts by weight of veuy concentrated nitric 
acid (the actual strength is not stated), the 
temperature being kept below 15°C. for the first 
stage of nitration. Later, the temperature is 
allowed to rise to 30°C., at which it is main¬ 
tained for about 1 hour. Tho mixture 
is then cooled to 0°C., thus precipitating about 
60% of the cyclonite, after the separation of 
which the liquor is distilled at a ])ressuro of a 
few centimetres of mercury and at a tempera¬ 
ture not exceeding 40°C. The nitric acid thus 
recovered is utilised again in tho cycle of 
operations. Tho cooling and distillation opera¬ 
tions are rei)eated, thus recovering further 
amounts of cyclonite and nitric acid. Finally, 
the liquor is diluted with water, thereby pre¬ 
cipitating the remainder of the cyclonite. The 
dilute acid filtrate is used again for the pro¬ 
duction of H/M/T dinitrate. The filtrate and 
washings from the latter contain formaldehyde 
as a secondary reaction product. This is 
recovered by neutralising the acidity with chalk 
(or otherwise) and then concentrating and 
vacuum distilling the liquor. By this procedure 
the consumption of formaldehyde is reduced to 
50% and that of nitric acid to 25% of the 
amounts formerly used, little more than the 
theoretical proportions being required. 

Physical and Chemical Properties .—Crude 
cyclonite consists of a fine white crystalline 
powder, which, according to Avogadro (Mem. 
de rArtillorie Frangaise, 1931, 10, 875) melts 
at 200° to 202°C., with decomposition. The 
crystals are of the rhombic type, their crystallo- 
^aphic constants being described by Terpstra 


(Z. Krist. 1926, 64, 150). Large, colourless 
crystals may be obtained by slow crystallisation 
from acetone. The melting-point of the 
recrj’^stallised material is given as 203*5 by 
Desvergnes (Chim. et Ind. 1932, 28, 

1038). Cyclonite is odourless, tasteless, non- 
hygroscoi)ic, non-toxic, and unaffected by the 
a(4ion of light or adverse climatic conditions. 
Being colourless, it lias no staining effect on 
tho skin of tho workers, nor docs it produce any 
of the usual irritant effects common to most 
other nitro-explosivt's. It is stated that even 
after breathing appreciable quantities of tho 
material in the form of dust no ill effects w^ere 
observed. 

Cyclonite is practically insoluble in cold 
water (0*007% at 20V.; 0*15% at 100°C.), 
and very sparingly soluble in the common 
organic solvents, w*ith the exception of acetone, 
100 parts of wliii^h dissolve 5 parts of cyclonite 
at 20° and 10 parts at the boiling temjxTaturo 
(57*5°C.). The material is also soluble in 
strong nitric acid, acetic acid, and hot formic 
acid. From these solutions it is precipitated 
unchanged on dilution wuth waiter. 33io bulk 
density of the powder is stated by Avogadro 
to vary between 0*8 and 0*9, the absolute 
density of tho crystals being 1*83, which is 
higher than that of any other nitro-compound 
(except tetra-nitranilinc) hitherto used as an 
explosive. Lender higli pressure tho powder can 
be compressed to an apparent density of 
1*69. Tho compound is very stable to heat, 
no change in w*eight or appearance being 
observed after storing for two months at 100°C., 
or after 48 hours at 120'^Ch When stabilised by 
boiling with water and then submitted to the 
Abel heat test at 80°C., cyclonite produced no 
coloration on the starch iodide test paper up to 
60 hours. On being heated slowly to 202°C., the 
material melts and be'gins to decompo.se, with 
evolution of gas. If tho temperature is raised 
still further, the decomposition proceeds rapidly 
to completion. If heated suddenly to 280°C., 
the material explodes violently. When ignited 
with a flame, however, it burns briskly without 
exj)loding, the flame having a reddish tinge. 

Cyclonite is normally regarded as a neutral 
compound, although according to Henning its 
solution in acetone has a weakly acid reaction. 
The material is unaffected by dilute alkalis, 
differing markedly from T.N.T. and similar 
nitro-explosives in this respect. It is equally 
resistant to dilute acids and to concentrated 
hydrochloric acid. It is decomposed, however, 
by concentrated sulphuric acid with evolution 
of gas, and is similarly attacked when heated 
W'ith concentrated alkalis. According to Des¬ 
vergnes it is not possible to estimate cyclonite 
by the nitrometer method owing to the fact that 
only about five-sixths of tho total nitrogen is 
liberated as NO. Kathsburg, however, found 
that tho material was reduced quantitatively to 
CaHgNg by titanium trichloride (Ber. 1921, 
54, [BJ, 3183). 

Explosive Properties .—According to Kast, 
cyclonite detonates in accordance with the 
following equation, 

C3HeN,0,«2C0FC0,-f-2H20+H2+3Nj, 
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giving a heat of explosion of 1390 kg.-cal. per kg. 
More recent work, however, places this figure 
at 1,290 kg.-cal., a larger proportion of the carbon 
remaining as the monoxide than is indicated 
by the above equation (Nitrocellulose, 
1935, 6, 24). Avogadro gives the following 
constants for cyclonitc, the corresponding figures 
for T.N.T. ludng shown in brackets by way 
of comparison : velocity of detonation, 8,380 m. 
per sec., at density 1*70 (r/. 6,700 in. per sec. 
for T.N.T. at density T58); gas evolved on 
detonation 908 litres per kg. at N.T.P. (T.N.T. 
690 1. per kg.); lead block expansion (3Vaiizl) 
test 520 ml. (T.N.T. 310 ml.); compression 
test (Kast aj)paratuH), 5-2 nim. (T.N.T. 3-6 mm.); 
figure of insensitivity (Rerthe, 2 kg. wt.), 
42 cm. (T.N.T. 80, pi(;ric acid 60). 

Appliration .—The high velocity of detonation 
coupled with the large volume of gas liberated 
and the higli density of the original material 
render cy(‘lonite superior in blasting power and 
“ brisance ” to any otlnu' explosive hitherto 
used for bursting (tharges, not excluding blasting 
gelatine. In his original })atent, Ilerz suggested 
that cyclonite miglit be emph)yed as a bursting 
cliarge for projectiles and mines, as a blasting 
ex])losive, as a filling for detonating fuze, as an 
ingredient in percussion caps and deU)nators, 
and also as a secondary initiator in fuzes for 
projectiles. Its use as a ])ropellant is described 
in (I.P. 298539 and G.P. 299028, the following 
mixture being said to have good ballistic pro¬ 
perties : cyclonite 45, guncotton 30, nitro¬ 
benzene 10, trinitroanisole 9-4, and tetranitro- 
anisolo 5-6*^^',. G.P. 469721, 1927, also described a 
pro])(41ant consisting of cyclonite “ phlegma- 
tised ” witli paraffin or carnauba wax, or with 
nitroaromati(! bodies. 

The high melting-point of cyclonite precludes 
the })ossibility t)f pouring it in a molten con¬ 
dition into projectiles or mines. By mixing it, 
however, with a suitable proportion (from about 
30‘)o upwards) of a more easily fusible explosive 
such as T.N.T., a plastic mixture is obtained 
which e.'in be pounHl or screw-filled into the 
ammunition concerned at a temperature below 
]0()°C. The use of such mixtures also reduces 
the risk arising from the rather high sensitivity 
of pure cyclonite without seriously detracting 
from the superior exjdosive power of the latter 
material. In this (’-onnection it was observed 
that when a rifle bullet wma fired into a bomb 
filled with pure cyclonite, the latter ignited but 
did not explode, and the flame soon went out. 
A stream of bullets from a machine gun, 
however, caused explosion of the filling 
(Avogadro, Lc.). 

In sjiite of the difficulties indicated, the 
future of cyclonite as a major high explosive for 
military use is regarded as highly promising. 

W S 

CYCLOPARAFFINS (NAPHTHENES) 
IN PETROLEUM. Crude petroleum is a 
mixture of hydrocarbons in which paraffins, 
cycloparafiins, benzenoid and polynuclear 
hydrocarbons occur. It has been surmised that 
cyciopropane and eyeZobutano occur in natural 
gas, although the evidence is not very conclusive. 
In the subsequent fractions prepared by the 
distillation of petroleum undoubtedly there is a 


long series of cycloparaffins, but the separation 
of naphthenes from paraffins is extremely 
difficult, even although naphthenes and paraffins 
can be segregated from other hydrocarbons by 
the use of 8j)ccific solvents, as, for example, 
nitrobenzene and yjhcnols. 

In the motor spirit fraction n/rZopentane and 
r^/eZohexane and their homologiics are the main 
cycloparaffin com])onents. There is evidence 
that dimeth^dryrZobutanc ocemrs in tjalifornian 
petroleum and ryc/oheptane in Russian oil. 
The latter hydrocarbon appears to bo present 
in many natural (Tudo oils as does also methyl- 
ryeZopentane. ryrZoHexane occurs in Russian 
gasoline and hap been identified in some of the 
American crudes. Of the other hoinologuos 
dimethykycZohexane, trimethylcyrZohexane 
and dimethylethykycZohexano luivo been 
obtained from a variety of crudes, e.g. 
American, Russian, Galician, Borneo and 
Japanese. 

In the kerosene fractions the identification is 
very much more difficult. Nevertheless, it has 
been surmised that certain bicyclic hydro- 
aromatic hydrocarbons oc(‘ur. It is still more 
difficult to identify hydrocarbons of this type 
in the higher fractions, e.g. lubricating oils, and, 
in point of fact, there is very little yweeise 
information as to the diemical nature of any 
of the hydrocarbon comy)onents of high boiling- 
point. 

In the cracking of petroleum cycloparaffins are 
prodiKicd and th(\y (jonceivably are formed by 
the cyclisation of y>reformed (fitffins. In the 
case of cracked Russian kerosene, rnethylcycyo- 
pentane, eyeZohexane, dimethylrycZoj)entane 
and methylryrZohexane were identified in the 
yiroducts. 8o much as 30% of naphthenes liave 
been obtained in an average cracked spirit. 
Special reference should be made to Carleton 
Ellis, “ The Chemistry of Tetroleiim Oeriva- 
tives,” Rheinhold & Co. 

A. E. D. 

CYCLORAN E. Ih^taasium oleatepa higher 
alcohol (b.p. above 160°), used as a w(‘tting-out 
agent. 

CYGNINE, C12H22O3N2, is said to have 
been isolated from (rnfitrolohium. calycinum 
(Leguminosce of Western Australia) by Mann 
and Inco (Proc. Roy. 80c. 1907, 79, B, 485). 
A way of y^reparing the amorphous alkaloid is 
described, and also the properties of the free 
base, tho hydrochloride and the cliloroaurate, 
but the report suggests further enquiry. 

Schl. 

CYLINDRITE. (Ger. /CyZZadriZ.) A com¬ 
plex sulphide ore of tin, Pb3FeSn4Sb2Si4, con¬ 
taining, according to this formula, Sn 25*85%. 
It forms very peculiar cylindrical rolls of thin 
foha, the concentric shells ymrallel to the axis 
of the cylinder readily separating under pressure. 
The smooth, bright surfaces of seyiaration no 
doubt represent the cleavages of cylindrically 
curved crystals. Tho colour is blackish lead- 
grey, with a brilhant metalhc lustre. Tho 
mineral marks paper, and is difficult to pulverise, 
in these respects resembling graj)hito. The ore 
consists of numbers of these rolls, which 
measure up to 3 cm. in length and 1 cm. in 
diameter, confusedly aggregated together, or 
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Bomotimes with a sub-parallel groiipiuj?, the 
interspaces being filled with massive material. 
It has been found in some quantity in the Santa 
Cruz mine, at Poop6, Bolivia. The above 
formula, written in the form 

3PbSnS2+SnFeSb2S8, 

brings out a relation between cylinclrite and the 
allied Bolivian minerals, teaUite (PbSnSo) and 
franckeiie (SPbSnSg-f PbgFeSbgSg). Analyses 
1 and IT, by C. T. IVior (Min. Mag. 1904,^14, 
21) ; III, by A. Frenzel (dahrb. Min. 1893, 2, 


124) ; 

IV, E. G. J. Hartley (J.C.S. 

1930, 1292) ; 

V, F. 

M. Brewer and E. 

Baker 

(J.C.S. 1930, 

1292). 





I. 

IT. 

HI. 

IV. V. 

Pb . 

. . 35-24 

34-58 

35-41 

33-97 38-05 

Fe 

. . 2-81 

2*77 

3-00 

3-47 — 

Ag 

. . 0-50 

0-28 

0-02 

nil nil 

Sn 

. . 25-65 

25-10 

20-37 

25-06 21-44 

Sb 

. . 12-31 

12-98 

8-73 

11*92 7-74 

S . 

. . 23-83 

23-88 

24-50 

24-39 23-75 


100-34 

99-59 

98-63 

98-81 91-58 

Sp.gr. 

. . 5*46 

5-49 

5-42 

L. J. S. 


CYM ARIN, CgoH^jOg, m.p. 130°, [a]p +23°, 
is the simple c^'inarosc glycoside of strophanthi¬ 
din, i.e. C-H j303-0*C23H.3|05. It is present in 
Canadian hemp and various species of Aj)o- 
eynum. Cr^^stalline Konibd strophanthin is a 
mixture of cymarin with t he glycoside of stro- 
phanthobioso (Jacobs and Ilolfmann, J. Biol. 
Chem. 1920, 67, 609; 69, 153; 1928, 79, 531). 

E. F. A. 

CYMAROSE, C^H 14O4, m.p. 88°, is the 
sugar obtained from the strophanthidin glyco¬ 
side cymarin, present in Canadian hemp as Avell 
as in periplocymarin from Pcriplora gra’ca. 

It was shown by Jacobs and Hoffmann 
(J. Biol. Chem. 1920, 67, 009; 69, 153; 1928, 
79, 531) to be probably a methyl ether of digi- 
toxose, and since it gives rise to hydroxy- 
methoxyglutaric acid on oxidation with nitric 
acid (Elderfield, Bcicnco, 1935, 81, 440; J. Biol. 
Chem. 1935, 111, 527), the position of the 
methoxy group is located as ; 

H H H 

CH3 C • C • C CH2 CHO 
OH OH OMe 

A possible isomeride, sannentose, has been 
obtained in crystalline form, m.p. 78°, [ajj, +12°, 
increasing to +15-8°, from the sarmentocymarin 
of Strophanthus sarmentosus (Jacobs and 
Bigelow, J. Biol. Chem. 1932, 96, 355, 449). 

E. F. A. 

CYMENES (CYMOLS), The 

name cymene was first given to the hydrocarbon 
isolated by Gerhardt and Cahours (Ann. Chim. 
Phys. 1841, [iii], 1, 102, 372) from Roman oil 
of cumin, which is the ethereal oil of Cuminum 
cyminum. This hydrocarbon was originally 
called p-methylpropylbenzene, but Widman 
(Ber. 1891, 24, 439, 970, 1032) proved it to 
be the wopropyl compound. Frequently the 
various benzene hydrocarbons of the formula 
CioHj 4 are grouped together under the collec¬ 


tive name of cymenes. The following is a 
brief account of the more important of these 
hydrocarbons. 

p- MethyWsopropylbcnzene {ig-Cymene)y 



Occurrence. —^p-Cymeno occurs widely distri¬ 
buted in the essential oils of gymnosporms and 
Angiosperms. and, more especially, in those of 
the Umbelliferffi and Labiata^ (yeimmler, “ Die 
Aethcrischen Oele,” iv, 19). Considerable 
<piantities of crude cymene, known as sulphite 
turpentine, collect on the surface of the liquid 
in the separator used in recovering sulphur 
dioxide in the manufacture of wood pulp, 
(^ymone also occurs in certain petroleums. 

Formatio)i and Preparation ,.—Many of the 
lerpenes CioHm and their derivatives may be 
readily converted into cymene. Camphor on 
dehydration yields mixturc^s of w-and p-cymene 
in j)foportions wary ing with the dehydrating agent 
used. p-Cymene is produced from di])entene 
when the latter is shaken with concentrated 
Bul])huric a(+l (Wallach and Brass, Annalen, 
1884, 225, 311) and more than 68% of p-cymene 
is ibrmed when citral is distilled with a little 
iodine (Bogert and Foiinnan, Arner. Perfumer, 
1933, 28, 345). The most economical methods 
of preparing cymene from terpenes are discussed 
by E. Raymond (Bull. Soc. chim. 1934, [v], 1, 
1470). 

Cymene has been synthesised by many of 
the classical methods, e.g. from p-bromo- 
eumeno (p-bromo/’.vopropyl ben zone), methyl 
iodide, and sodium in ether (Widman, Bor. 
1891, 24, 450), or from ovopropyl chloride, 
toluene, and aluminium chloride (Silver, Bull 
Soc. chim. 1884, [iij, 43, 321). It may be 
])repared by the action of 2>opropyl sulphate on 
magnesium p-tolyl bromide (Bert, Compt. 
rend. 1923, 177, 452; Bull. Soc. chim. 

1925, 37, 1252, 1397). It is produced by the 
alkylation of toluene with propylene or /.sropropyl 
alcohol using various catalysts, e.g. see J. Amer. 
(Jiein. Soc. 1935, 57, 883-4, for use of ])ropylene 
and phosphoric oxide ; J. Gen. Chem. Russ. 
1935, 6117, for use of mpropyl alcohol and 
aluminium chloride; Compt. rend. 1935, 200, 
400, for use of isopropyl alcohol and sulphuric 
acid. 

Properties. —^p-Cyraono is a liquid, b.p. 177- 
177-5° (corr.), d ^ 0-8070 (Perkin, J.C.S. 1896, 
69, 1195 ; 1900, 77, 279), m.p. -75°. 

Reactions. —For a general study of the chlorina¬ 
tion, nitration and sulphonation of p-cymene, 
see. T. Kuan (J. Chem. Soc. Japan, 1931, 62, 
473) ; p-cymene nitrates successively in the 2- 
and C-positions (Ber. 1887, 21, 2126 ; J. Amer. 
Chem. Soc. 1927, 49, 494). Sulphonation gives 
the 2-sulphonic acid (Le F6vre, J.C.S. 1934, 
1501). Chlorination occurs successively in the 
2-, 5-, 6-, and 3-positions, and the higher 
chlorination products are accompanied by chloro- 
toluenes formed by replacement of the Mopropyl 
group with chlorine (Quist and Holmborg, Acta 
Acad. Aboensis. Math. Phys. 1932, 6, No. 14, 3). 
Bromo and iodo derivatives are known. On 
oxidation p-cymene yields terephthalic acid, 
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toluic acid, p-a-hydroxyt5opropylbenzoio acid, 
methyl p-tolyl ketone, any of which can be 
obtained in fair yield under suitable conditions. 
Catalytic oxidation in the vapour phase over 
vanadium pentoxide, and in the liquid phase using 
manganese dioxide have been studied (Ind. Eng. 
(^hem. 1931, 23, 1129; 1932, 24, 1184). In the 
former case /j-toliiio acid, and in the latter p- 
toluic acid and methyl ^i-tolyl ketone arc 
formed. (Jymene is oxidised intestinally to 
oumic acid. With nitrosyl sulphuri(“ acid in the 
cold p-cymene undergoes condensation, giving 
83% of a (licymena 

CH:CH C CMea-CHa CH:CH CMe 

CMe;CH C-CMe—C :CH CH 

(Puranen, Ann. Acad. Sci. Eennica*, 1933, 37A, 
no. 10). 

T etram ethyl benzenes: 

1. Consecutive telrameUiylhenzene {Prehni- 
te.ne), CpH2(CH3)4 (1:2:3:4). When sodium 
duronesulphanate, 

CgH (CH3)4S03Na(CH3-groups 1:2:4:5) 

(v. infra), is dissolved in cioncentrated sulphuric 
acid and allowed to stand for 12 hours, 
prehnitcnesidjihonic acid is formed. 'J’hc 
mixture is diluted with water saturated 
wdth barium carbonate, the barium salts 
converted into sodium salts, and these, by 
treatment with phosphorus pcntachloride and 
ammonia, transformed first into suIy)honic 
chlorides and then into sulphonamidos. Prehiii- 
tenesidphonamide is separated by means of its 
s])aring solubility in alcohol, and is then hydro¬ 
lysed by h(mating with concentrated hydro¬ 
chloric acid to 170'^, when it yields ju’ohnitene 
(Jacobsen, Ihu'. 1S80,19,1213 ; see also V. Meyer 
and Molz, Bcr. 1897, 30, 1278). The con¬ 
version of diirene and /.vodurenesulphonic 
acids into prehnitene by the action of strong 
sul})huric acid is considered in No. VI of a series 
of ])apers on the ])(.3ymethylbenzcne.s by 
Smith and Cass (.1. Amor. Chem. ISoc. 1932, 
54, 1()14). 

Prehnitene may also be obtained by heating 
bromopseudocumene, 

C„H2(CH3)3Br,(CH3,Br,CH3,CH3.1:2:3:4), 

with methyl iodide, benzene and sodium at 
150° for 12 hours. It occurs with 1:2:5:6 
tetramethylbenzene among the products of 
dehydrogenation of certain “ polyterpinoid ” 
compounds {i.a, see Ruzicka et al., Ilolv. Chim. 
Acta, 1934,17, 426; Nailer, J. Amer. Chem. Soc. 
1934, 56 , 1582. 

Prehnitene has b.p. 204° and m.p. —4°. 

(2) Unsymmeirical tetramethylbenzene {iso- 
Durene), CgH2(CH3)4, (1:2:3:6.)—/^’(xlurenc 
may be prepared by the action of dimethyl 
sulphate on a solution of the Grignard reagent 
from bromomesitylone (Organic Syntheses, XI, 
66). It has b.p. 86-87°/18 mm. 

Symmetrical tetram,ethylbenzene (Durene), 
CeH2(CH3)4 (1:2:4:6).—In coal tar (Ber. 
1886, 18 , 3032). Preparation:—by the action of 
sodium on a mixture of bromopseudocumene, 
C9H2(CHg)8Br (1:2:4; 6), methyl iodide 


(Jannasch and Fittig, Zeitsch. Chem. 1870, 
161); from toluene and methyl chloride 
in presence of aluminium cliloride (Friedel and 
Crafts Ann. Chim. Phys. 1884, [vi], 1,461); from 
o- or 7)-x3denc, methyl chlorhle, and aluminium 
chloride (Jacobson, Bcr. 1881, 14, 2629). The 
durono formed by the two last methods may 
readily be separat(‘.d from the accompanying 
isomeric tetramothylbenzenes on account of its 
much higher melting-point (Organic kSynthesos, 
X, 32). 

Durono has a camphor-like odour, m.p. 79- 
80°, b.p. 189-191°. On oxidation with 
potasfdum permanganate it is ultimately con¬ 
verted into pyromeUitic acid, 

C3H2(C02H)4(1:2:4:5). 

CYMOLS r. Cymknes. 

CYMOPHANE, “ oriental cat’s eye ” v. 
CimYSOBERYL. 

CYNANTHRENE ?. Antr.aquinone Dye- 

STUEEH. 

CYNTH IAXANTH I N . This pigment, 
w hich closely resembhvs zeaxanthiu, is associated 
with an ester of astaccne in Cynthia {Halo- 
cyvlhia) 2 >apiUosa, It separates from alcohol in 
needles, m.p. 188-189°, and exhibits absorption 
maxima at 517, 484 and 452 m/x in carbon 
disidphido (Lederer, Compt. rend. Soc. Biol. 

1934, 117, 1086). 

1. M. H., R. F. P., and F. S. S. 

a-CYPERONE. 

H.>C Me CHa 

/ Xl/" \ 

H„C C CH, 

“I i I 

CH2;CMeHC C CO 

\ X X /■'' 

CHj CMe 

Idle sesquiterpene ketone, a-cyperone^ 
CisHjjO, b.p. 177720 inm., 0’9945, 

1-528:!, +1387 [al3,3„ +118-07 forms 

the main constituent of the oil from the tubers 
of Cy 2 )crus rotundus (Ilogdo and Rao, J.iS.C.I. 

1935, 54, 387T) and it has been characterised 

by the preparation of a num ber of deri vati ves, the 
more important being the oximcy m.p. 150-5°, 
semicarbazonCy m.p. 216°, 2’A-dinilro2dienyl- 
hydrazoney m.p. 208-209°. When digested with 
alkali or with oxalic acid it yields the stcrco- 
isomeric ketone, ^-cyperoncy b.p. 175-176°/ 
16 mm., 0-9940, 1-5414, +2397 

oxime, m.p. 1387 eemicarhazone, m.p. 207°, 
dinilrophenylkydrazonCy m.p. 218-219°. 

The structure of a-cyporono has been 
determined by Bradtield, Hegde, Rao, Simonsen 
and Gillam (J.C.S. 1936, 667) and by Bradfield, 
Pritchard and Simonsen {ibid. 1937, 760). 

The constitutions assigned to a- and )S- 
cyperones have been confirmed by their syn¬ 
thesis (Adamson, MoQuillin, Robinson and 
Simonsen, ibid. 1937, 1576). 

L. J. S. 

CYPRESS CAMPHOR Cedrol. 

CYPRIAN VITRIOL. Copper sulphate 
{v. Copper). 

CYRTOLITE, a variety of zircon. 
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CYSTAZOL. A urinary antiseptic con¬ 
taining hexamethylenetetramine and sodium 
benzoate. {Allen and Hanburys, London). B.P.C. 

1934. 

CYSTEINE V. Cystine. 

CYST IN E. ^-disulphido-a-aviinopropionic 
ctcid, 

H 02 CCH(NH 2 )CH 2 SSCH 2 CH(NH 2 )-C 05 jH, 
was first discovered by Wollaston in a urinary 
calculus (Phil. Trans. 1810, 223); Drechsel 
isolated it from the liver of horse (Arch. Anat. 
Physiol. 1891, 243) and porpoise (Z. Biol. 1896, 
33, 85); it was found by Kiilz {ibid. 1890, 
27, 415) among the soluble products of an 
artificial pancreatic digestion of fibrin; Mornor 
showed it was a product of the hydroij'sis of 
several proteins, being especially abundant in 
keratins (Z. physiol. Chem. 1899, 28, 595; 
1901, 34, 207). It is now recognised as a 
constituent of nearly all proteins. Buchtala 
{ibid. 1907, 52, 474) obtained the following 
percentages of cystine from the materials 
mentioned: human hair, 13-14-5; human nails, 
5*15; horsehair, 7-98; horse’s hoofs, 3*20; 
ox hair, 7-27 ; hoofs of oxen, 5-37 ; pigs’ bristles, 
7-22 ; pigs’ hoofs, 2-17. For the cystine content 
of grasses and its relation to wool crop, see 
Pollard and Chibnall (Biochom. J. 1934, 28, 326). 

For the importance of cystine in metabolism, 
see Abderhaldon (Z. physiol. Chem. 1915-16, 
96, 1-147; Ber. 1916, 49, 2449-2473), and 
l^ewis (Physiol. Bev. 1924, 4, 394), In view, 
however, of the recent discovery of a new 
sulphur-containing amino-acid, methionine, much 
of our knowledge of the physiological role of 
cystine is under re\’ision {see articles by Lewis 
and du Yigneaud in Annual Rev. Biochem. 1933, 

1935, and PJ36). 

When cystine is given with food, it is largely 
oxidised to sulphate and excreted as such 
(Kothera, J. Physiol. 1905, 32, 175; du Vig- 
neaud, Craft and Loring, J. Biol. Chem. 19.34, 
104, 81). Baumann and Preusse (Z. physiol. 
Chem. 1881, 5, 309; Ber. 1885, 18, 258) found 
that when bromobcrizcne was administered to 
animals it was excreted as bromojihenylc.ysleiney 

C02HCH(NH2)CH2SCgH4Br, 

a compound crystallising in glittering needles 
or plates; rn.p. 180-182°, and yielding a blue 
crystalline copper salt, (C 9 HyBrSN 02 ) 2 Cu. 

According to Folin (J. Biol. Chern. 1910, 8, 
9), cystine is most readily prepared from wool or 
hair by boiling it in a reflux apparatus for 5-6 
hours with twice its weight of strong hydro¬ 
chloric acid, or until it ceases to give the biuret 
reaction; on removing the free hydrochloric 
acid by the addition of solid sodium acetate, a 
dark heavy precipitate of cystine is obtained; 
this is purified by decolorising a solution in 
3-5% hydrochloric acid with bone-black, and 
precipitating the cystine in the hot filtrate by 
hot concentrated sodium acetate solution 
There are various modifications of this method 
which differ mainly in the manner of the removal 
of the free hydrochloric acid and the final 
purification (Denis, J. Biol. Chem. 1911, 9, 
365; Harris, Proc. Roy. Soc. 1922-23, B, 94, 
441 ; Schmidt, J.C.S. 1922,122, i, 992 ; Okabe, 


J. Biochem. Tokyo, 1928, 8, 441 ; Toonnies and 
Bennett, J. Biol. Chem. 1936, 112, 39). 

The cystine of urinary calculus is identical 
with that obtained from protein hydrolysis 
(Rothera, J. Physiol. 1905, 32, 175 ; Alsberg and 
Folin, Amer. J. Physiol. 1905, 14, 54; Fischer 
and Suzuki, Z. physiol. Chem. 1905, 45, 405), 
and was provetl to bo ^-disuIphido~a-amino- 
propionic acid) by Friedmann (Bcitr. Chem. 
Physiol. Path. 1902, 2, 433). This view of its 
constitution Avas confirmed by the s^mthesis of 
racemic cystine from ethyl monobenzoylsorine, 
obtained by reducing ethyl formylhippurate, the 
product of the condensation of ethyl formate and 
ethyl hippurato. On heating ethyl inono- 
benzoylserine with phosphorus pentasulphide 
and hydrolysing the product, cysteine is obtained, 
and this is readily converted into cystine by 
oxidation with air in an ammoniacal solution : 

HCOsEt+NHBzCHgCOgEt 

->CHOCH(NHBz)CO.,Et 

-vOH CHg CHlNHBz) COaEt 

->SHCH2CH(NHBz)COoEt 

-vSHCHaCHlNHgl'COgH 

-^SCHoCHfNHgl-COaH 

icH2CH(NH2)C02H 

(Erlenmeyer, Ber. 1903, 36, 2720). Fischer and 
Rasko {ibid. 1908, 41, 893) also obtained r- 
cystine from t//-a-amino-j8-chk)roj»ropionic acid 
hydrochloride by heating it with barium hydro¬ 
sulphide at 10(f in sealed tubes, and oxidising 
the product by atmospheric oxygen in the 
presence of ammonia. From the natural 
/-serine the authors obtained, by a similar 
process, an optically active C 3 \stine which is 
identical wdth the /-cystine obtained from 
natural sources. Removal of sulphur by 
ammoniacal coj)per solution or by zinc gives 
(//-alanine (Mauthner, Z. physiol. Chem. 1912, 
78, 30). 

Cystine cr 3 ^stallisca in thin colourless hexa¬ 
gonal ])lates ; it has no melting-point, but decom¬ 
poses slowly at 258-261° (Nouberg and Mayer, 
Z. physiol. Chem. 1905, 44, 472). It is sparingly 
soluble in water, insoluble iii alcohol or acetic 
acid, soluble in acids or alkalis. The heat 
of combustion at constant pressure is 4,137 
g.-cal. (Emory and Benedict, Amer. J. Physiol. 
1911, 28, 301-307). The cystine molecule con¬ 
tains two asymmetric carbon atoms, and Isevo- 
cystine, the naturally occurring variety, has 
[aJo —97*5°, in ammonia, —223° in hydrochloric 
acid solution (Gaskell, J. Physiol. 1907, 36, 
142); Toennies, Lavine, and Bennett (J. Biol. 
Chem. 1936, 112, 493) have studied the specific 
rotation at different p^ values and found 
—225° at Pq 0-1; —325° between Pn 3 and 
7 and —97° at Ph 11-6. /-Cystine is converted 
to the extent of 50% into r-cystine by heating 
with excess of hydrochloric acid of sp.gr. 1-124, 
at 165° for 12-15 hours ; this decomposes at the 
same temperature as the active isomeride, is 
three times as soluble in water, and can be 
resolved into the active components by the 
action of Aspergillus niger, the /- compound 
being consumed. 

Hollander and du Vigneaud give a method 
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for the resolution of inactive cystine and the 
isolation of d-oystine (J. Biol, Chom. 1931, 94, 
243). 

Cystineis readily reduced to cystei n e {a-amino- 
^-thiolpropionic acid)^ HS-CH 2 *CH(NH 2 )'C 02 H 
(Baumann, Z. physiol. (3iem. 1882, 8, 300; 
Mauthncr, Z. Biol. 1901, 42, 17G ; du Vif^neaud, 
Audrieth, and Loring, J. Amcr. Chem. 8oc. 1930 
52, 4,500; Gobaucr-Fulnegg, ibid. 4610). A 
solution of cystine) irradiated with a quartz lamp 
gives about 5% cysteine (Szendrd, Lamport and 
Wrede, Z. physiol. Cliem. 1933, 222, 16). 
Cysteine readily ^delds cystine on oxidation, the 
change occurring sy)ontan('ouHly in alkaline 
solution, although the rate is increased by the 
addition of a mixture of ferric chloride and 
potassium (yanide (Mathews and Walker, J. 
Bif)l. Chem. 1909, 6, 289). 

C/ysteine and its derivatives are extremely 
active in facilitating oxidations and reductions 
in the tissues and it is })rf)bablo that cystine 
derives much of its importance in the animal 
body from tiio fact that it is a source of cysteine. 
Tile most active derivative of cystcune in this 
respect is glufalJrioHe, y-glutam.yl-cysleiriylglycincy 
which has been synthesist^d by Harington 
and Mead (BioGiora. J. 1935, 29, 1602). This 
tri])eptide has been extensively investigated l)y 
Jlo})kins and co-workers who have shown its 
occurrence in most tissues in which it promotes 
oxidation and reduction processes (Biochem. 
J. 1921, 15, 286 ; 1925, 19, 787 ; J. Biol. Chem. 
1922, 54, 527 ; 1929, 84, 269 ; Proc. Boy. 
8oc. 1931, B, 109, 58 ; Biochem. d. 1932, 26, 
785, 817 ; 1935, 29, 108). 

Cysteine and cystine can be oxidised by 
bromine and iodine to acid {a-arnino-^- 

su / phopreq)ion ic arid)^ 

H 03 SCH 2 CH(NH 2 )C 02 H, 

and from this, bvloss of carbon dioxide, laurbie^ 
NH 2 CH 2 CH 2 -S 03 H,is obtained (Friedmann, 
Beitr. Chem. Physiol. Path. 1902, 2, 433). 
According to von Bcrgnmnn {ibid, 1903, 4, 92), 
the normal taurine in the bile originates from 
the cystine. The oxidation of (ystine and 
cysteine to cysteic acid has been studied in some 
detail by 8hinohara (J. Biol. Chem. 1932, 96, 
285) using iodate and by Preisler and Preisler 
(,I. Physical Chem. 1934, 38, 1099) using thallic 
sulphate. The oxidation with bromine and 
iodine has also been applied as a method of 
quantitative estimation {v. infra). 

Cystine does not react quantitatively with 
nitrous acid in van Slyke’s method for the 
estimation of amino-nitrogen (Bor. 1910, 43, 
3170). This is probably due to the -SH group 
being converted in part to sulphuric acid (Lough 
and Lewis, J. Biol. Chem. 1934, 104, 601). 

Cystine and tyrosine can be quantitatively 
separated by means of absolute alcohol saturated 
with hydrogen chloride (Plimmor, Biochem. J. 
1913, 7, 311). The separation of cystine by 
means of its copper salt is described by Vickery 
and Leavenworth (J. Biol. Chem. 1929, 88 , 
523). They have also investigated the pre¬ 
cipitation of cystine as silver salt {ibid. 1930, 86, 
129). When cystine in dilute sulphuric acid is 
treated with silver sulphate and the mixture 


adjusted to pjj 6, 70-85% is deposited, but the 
precipitate when decomposed with hydrochloric 
acid yields cysteine. Accompanying this reduc¬ 
tion a small part of the cysteine is oxidised 
to cysteic acicl. The silver compound appears 
to be a mercay>tide. A similar behaviour of 
cystine with mercuric snlj)hate has been observed 
by Andrews and Wyman {ibid. 1930, 87, 427) 
and Simonsen {ibid. 1931, 94, 323). 

For the estimation of cystine several methods 
are available. Harris uses direct isolation 
(l*roc. Roy. 8oc. 1923, B, 94, 441) and Vickery 
and White precipitate (systine as cysteine 
cuprous mercaptide and estimate the S (J. Biol. 
Chem. 1933, 99, 701). Rossouw and Wilken- 
Jorden (Biochem. d. 1935, 29, 219) and Modes 
and Padis {ibid. 1936, 30, 942, 1293) also pre¬ 
cipitate ns eiiprous mercaptide but recover the 
eyskdne and estimate by Folin’s method {sm 
below). Volumetric methods for the estimation 
of cysteine and cystine are based on their 
oxidation to cysteic acid by bromine and iodine. 
The reaction is markedly affected by tempera¬ 
ture and hydrogen ion concentration (Okuda, 
A. 1926, 190 ; 1927,996; 1929,730; Lucas and 
King, Biochem. J. 1932, 26, 2076; Baernstein, 
J. Jiiol. Chem. 1930, 89, 124 ; Virtue and Lewis, 
ibid. 1934, 104, 415; La vine, ibid. 1935, 109, 
141). The colorimetric methods are all essen¬ 
tially l)asc(l o!\ colour reactions of cysteine 
(form(‘d in the case of cystine by reduction with 
a suitable reagent) and can Ixs adapted for the 
estimation of cystine, cysteine, or both. That 
most frequently employed is .Bolin’s and is 
based upon the bine colour formed by oystcino 
wdtb })hosphotungstic acid. Cystine is reduced 
by sodium sulphite (Folin and Looney, ibid. 
1922, 51, 421; 54, 17 J). The method has been 
modified in several details (Hunter and Eagles, 
ibid. 1927, 72, 177 ; .Folin and Marenzi, ibid. 
1929, 83, 89; Rimington, Biochem. J. 1930, 
24, 1114; Tompsett, ibid. 1931, 25, 2014; 
8hinohara, J. Biol. Chem. 1935, 109, 665; 110, 
263). Another method much used recently is 
Sullivan’s (A. 1926, 1266; 1930, 199, 1604), 
wLich depends upon the formation of a red 
colour when cysteine reacts with l:2-naphtha- 
quiiione. In the presence of sodium hypo¬ 
sulphite the reaction is not given by ergo- 
thioniiie or methionine and only by cystine 
in the presence of a suitable reducing agent. 
The method has been modified by Lugg 
(Biochem. J. 1933, 27, 668, 1022) and Bushill, 
Lampitt, and Baker {ibid. 1934, 28, 1293). 
The methods of Folin—Looney, Folin,— 
Marenzi, Sullivan, and Okuda are compared by 
Sullivan and Hess (A. 1930, 1604). 

On heating a solution of cysteine with 
dimethyl-p-phenylenediamine and ferric chloride 
a blue colour is obtained which is claimed to be 
specific for cysteine and distinct from the 
methylene blue reaction for sulphides (Fleming, 
Biochem. J. 1930, 24, 965). 

Derivatives. —Cystine forms sparingly 
soluble salts with copper, CeHiQ 04 N 2 S 2 Cu; 
or mercury 

C6H304N2S2Hg2,HgCl2; 

2 C«Hio 04 N 2 S 2 Hg,HgCl 2 JH 20 ; 

2 CeH 30 ,N,S,Hg,.Hg(N 0 ,),. 
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With 30% nitric or hydrochloric acid (at room 
temperature) it yields compounds 

CeHigO^NgSg ^HNOj, and 
C 6 Hi 204 N 2 S 2 - 2 HCI 

(Momcr, Z. physiol. Chem. 1914, 93, 203). 
Cystine ethyl ester hydrochloride, 

S2rCHoCH(NH2)C02Et]2,3HCI, 

forma colourless needles, m.p. 185° with 
decomposition (Friedmann, Beitr. Chem. 
Physiol. Path. 1902, 3, 1). Gortner and Hoff¬ 
mann (J. Biol. Chem. 1927, 72, 443) give 181° 
for the m.p. of l-dibenzoyl cystine and for i-, 170"'. 
They also give the following derivatives of I- and 
i-cystino: di-^-naphthalene sulphonyl Z-, 203- 
204°; i-y 215°; jhenylisocyanate 1-, 148°; 
i-y 181°; phenylhydantoin Z-, 122-123°; i-, 

166°; diethylester dihydrochloride 1-, 177°; 

185°. Z-Cystino forms two sparingly soliihle 
addition products with picric acid, one with 
3 mols. and the other with 6 mols. cystine per 
mol, of picric acid (Toennies, Z. physiol. Chem. 

1933, 222, 1). Several other derivatives are 
described by Fruton and Clarke (J. Biol. Chem. 

1934, 106, 667). Numerous acyl- derivatives of 
cystine are described by Fischer and Suzuki 
(Z. physiol. Chem. 1905, 45, 405; Fischer and 
Gerngrosa, Ber. 1909, 42, 1485; Abderhalden 
and Wybert, Ber. 1916, 49, 2449). Of these 
di-l4euryl-l-cystine, 

S2rCH2 CH(C02H)NH C0 CH(NH2)C4H2l2, | 

is a granular powder, turns yellow at 200°, and ! 
decomposes at a higher temperature, has 
[a]p —136*6°, or, when obtained in a crystalline 
form, has [a]^^ —141*4° ; it gives a reddish-violet 
colour with copper sulphate ; is precipitated by 
ammonium sulphate, and may be termed an 
alburn ose. 

Meso cystine.—Boring and du Vigneaud 
(J. Biol. Chem. 1933, 102, 287) describe the 
isolation of the internally compensated stereo¬ 
isomer of cystine and give proof of its constitu¬ 
tion. MesocyBtine decomposes at 200-218°; 
diformyl- and phenyluramino- derivatives have 
m.p. 192-193° and 191°-192° respectively. 

Boring, Dorfmann and du Vigneaud find that 
wiesocystine can replace the natural Z-cystine 
in the diet. cZ-Cystine does not promote 
growth. They suggest that we^ocystine is 
reduced in the body with the liberation of 
Z-cysteine (J. Biol. Chem. 1933, 103, 399). 
The cystine isomerides also show differences in 
the ease with which they are oxidised to 
sulphate in the animal body (du Vigneaud 
Craft, and Boring, ibid. 1934, 104, 81). 

M. A. W. and W. V. T. 

CYSTOPURIN. A compound of sodium 
acetate and hexamethylenetetramine {Oenatosan, 
houghborough). B.P.C. 1934. 

CYTASE, as recently defined by Oppon- 
heimer, is the group name for the enzymes 
which hydrolyse mannan, galactan, xylan and 
araban. 

Xylan, which Haworth has shown to contain a 
chain of 18-20 xylopyranose units, is hydrolysed 
by the enzyme of Helix, giving 69% of xylose 
(Ehrenstein, Helv. Chim. Acta, 1926, 9, 332) 


and by an enzyme in malt extract yielding 
75% of xylose (Biiers, Woch. Brau. 1928, 45, 
83). 

Mannan, galactan and araban are at present 
ill-defined substances, so that little can bo said 
about their appropriate enzymes. Cytases are 
widely distributed, but with the exception of 
xylanase the statements about them are 
indefinite [v. Brewing, Vol. II, p. 87). 

E. F. A. 

CYTISINE. Cytisine is an alkaloid widely 
distributed in the Fam. Papilionaceir; it has 
been isolatcfl from different plants under 
various nann^s {ulexine, baptifoxine, sophorine). 
Pluggc and Pluggo and Bauwerda (Arch. 
Pharm. 1895, 233, 430; 1896, 234, 685) have 
investigated between fifty and a hundred 
Papilionacere {Cytisus, Vlex, Genista, Sophora, 
Baptisia, 'Euchresln, Anagyris, spp.), and 
give the yields they obtained and a com])loto 
survey of the occurrence of cytisine. This list is 
completed by the work of Kauwerda (Chem. 
Zentr. 1898. 1, 260). The yields vary con¬ 
siderably: Cytisus Laburnum (syn. Laburnum 
vulgare) contains roughly 1% ; in Sophorar 
secundijlora it may be as high as 3*47%. In 
Anagyris foetida cytisine occurs together with 
anagyrino {q.v.), and -methyl-cytisine (Ing, 
J.C.kS. 19.35, 1053). Tlie latter has also been 
isolated from Caulophyllum thaliclroides (Fam. 
Berberidacca') by Power and 8alway (J.C.S. 
1913, 103, 191) and from Thermopsis Ixinceolata 
(syn. Sophora lupinoides) by Orechoff, Norkina 
and Gurewitsch (Ber. 19,34, 67, fB], 1394). 

Extraction (Ing. J.C.S. 1931, 2195, with 
references concerning earlier extractions):— 

I finely ground laburnum seeds (1 kg.) are in¬ 
timately mixed with slaked lime (100 g.) and 
water (500 c.e.) is added ; the mixture is 
then extracted with CHCI 3 for 20 hours, l^ho 
solvent is evaporated in vacuo, the residue 
stirred with light petroleum and left overnight. 
Most of the alkaloid separatf's, the mother-liquor 
being extracted with dilute aeid. The crude 
alkaloid is boiled in dilute HCI with animal 
charcoal, the filtered solution is made strongly 
alkaline and extracted with CHClg. The dried 
solution is evaporated, cytisine crystallising out 
at once (yield 20 g.). The alkaloid is best 
purified by distillation in vacuo, followed by 
crystallisation from dry acetone. 

Cytisine (1), CnHi^ONj, [a]” -119° r.7' (in 
water, for further details concerning rotations, 
see Rauwerda, J.C.S. 1900, 78, I, 607 ; Arch. 
Pharm. 1900, 238, 477); m.p. 154-5-155*5°; 
b.p. 2Wj2 mm.; crystallises from acetone in 
prisms. (1) is easily soluble in HgO, EtOH, 
CHCig, but sparingly soluble in EtgO and 
benzene. 

H-methyl-{l), [ajj) —2,34° 10' (in HgO), m.p. 
136°, noodles (from ligroin or acetone), is obtained 
by interaction of (I) and methyl toluenosulphon- 
ate (Freund and Gauff, Arch. Pharm. 1918, 256, 
33; see also Ing., Z.c. 1931). N-methyl-(I)- 
mothiodide, m.p. 276° (from MeOH). 

H-acetyl-{l), m.p. 208° (Partheil, Arch. 
Pharm. 1892, 230, 448); mono-U-henzoyl-{l) 
m.p. 116° (Maass, Ber. 1908, 41, 1636); p- 
toluene8ulphonyl-(l), m.p. 207-208°, soluble in 
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dilute acid and warm EtOH, insoluble in cold 
HgO, can be recrystaUisod from hot HgO (Tng., 
/.c., 1931). 

Treatment of (I) with HgOo yields hydroxy- 
(1) ,C„Hj 30N-N0H, m.p. i>L>3-22(r (Freund 
and Friedmann, Ber. 1901, 34, 605). Telrahydro- 
deoxy-{\), CjjHgoNg, is formed by electrolytic 
reduction of (1), strongly alkaline oil, b.p. 270°/ 
760 mm. (Freund and Hoiklicimer, Bor. 1906, 39, 
814). 

In aqueous solution (I) or its salts gives a red 
colour with ferric salts, which is disdiarged by 
HgOg, a blue colour being eventually developed 
on heating (van de Moer’s reaction, see Spath, 
Monatsh. 1919, 40, 26). 

Salts of (/).—(J) is a strong base and forms 
crystalline salts, the common salts are mono- 
acidic, but a dihydroohlorido has been described 
(Partheil, /.c., 1892), B-HCI,H20, colourless 
prisms; B-^HChSHgO, yellow needles; 
B-HIjHgO, yellow prisms; B2‘H2S04, hygro¬ 
scopic needles; B-HAuCI^, reddish-brown 
needles, m.p. 220°, sparingly soluble in warm 
HgO; B HNOjjHoO, needles or leaflets, 
[aJp-81°2T. 

For dissociation constants of (I) and its 
salts, V. Kolthoir (Biochem. Z. 1925, 162, 
327). 

Consiitulion of (lytisine (early relercnees, cf. 
Ewins, J.C.S. 1913,i03,97,anding.,/.c. 1931).— 
When (I) is heated with H I and rc'd phos])horus 
to 230°, ammonia., cytisoline (II) (C^^H^ON, 
needles from EtOH, m.p. 199°),and 
(111) (C,iH„N, b.p. 132-133714 mm., 
j)latini-chlorido, m.]). 234°) are obtained. (11) 
and (III) are reduced by sodium and EtOH 
to a-cytisuHdine (1\'), (C^Hj^N,, oil, platin- 
ichloride, m.p. 216"). Zinc dust distillation 
of (II) aflbrds (III) (Freund, Bei*. 1904, 37, 16; 
Ewins, L(\, 1913). Kvvins (lx. 1913) proved 
by synthesis (Ill) to be 6:8-dimcthvl-(juinoline 
and "(IV) to be 6:8-dimethyl-l:2:3:4-tetrahydro- 
quinoline; (Tl) is a hydroxy-6:8-dimethyl- 
cpiinoline. Spath (Monatsh. 1919, 40, 93) 
showed that 2-hydroxy-6:8-dimcthyiqiiinoline is 
identical with (JI). No further conclusions 

concerning the constitution of (1) can bo draAvn 
from these experiments. Van de Moer's colour 
reatdion (see above) led Spath to conclude 

(lx, 1919, j). 26) that (1) contains an a-pyridone 
group. Jng (l.c. 1931) first demonstrated 

that (J) docs not contain a quinoline nucleus; 
from theoretical reasons and from the results of a 
Hofmann degradation he put forward a new 
formula for (I) whicdi was but slightly modified 
by 8pfi.th and Galinovsky (Ber. 1932, 65, [B], 
1626) and accounts satisfactorily for ail the 
degradation products of this compound. 

CH^ 

CH,-CH-CH 

ilH (Lh. N- 

I I I CO 

CH,-CH-CH, 

I. 

In the Hofmann degradation only the secondary 
N-atom is involved, tho N-atom of the pyridone- 
system does not react. Spath and Galinovsky 


(l.c. 1932) demonstrated that hydrogenation 
of the des- bases after each interaction of 
alkali and quaternarj^ base is essential so as to 
avoid pol3'm('risation. These authors finally 
obtained tetrahydro-heniicytisylene, C-jjHjgON 
(V), which still contains all C-atoms of (I). 
By ozoriolysis of (V), the adjacent pyridone ring 
is destroyed and a lactam C7H13ON (VI), 
formed which may b<> hydrolysed and then 
oxidised to a mixture of a-a'-diinethvlglutaric 
acids (VII): 

CH,-CH- 

c!:h2 n^J 

CH3— CH — enf^ 

V. 

CH..—CH-CO 

O. I I 

-^ CH. NH 

I I 

CH3-CH-CH2 

VI. 


CH3-CH — COOH 

I 

CH2 

CH3-CH-COOH 

VJl. 


A further important proof for the eoiTcetness 
of formula (1) is provided by log (J.C.S. 1932;, 
2778) and by »S])ath and Galinovsky (Ber. 1933,66, 
1338). The lattiu’ authors ett'ected a Hofmann 
degradation on N-aeetyl-tetrahydrodeoxy-(l), 
thus opening the reduced pyridone ring and 
leaving the other heterocyclic! ring unattacked. 
The product obtained was N-acetyl-3-amyl-5- 
mothylpiperidine (VIII), which was dehydro¬ 
genated and oxidised to /J-methyInicotinic acid 
(IX). 

N -acctyl-tetra-'l 
hydrodcoxy-(I) j 


CHo—CH—C.Hj 


in,—in- 


'2 
VIII. 


CH., 
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(I) is closely related to the alkaloid anagyrine 
(g.v.). 

CH 

CH.— CH- C 

i I I il 

MeHC-N CH., N. .CH 

II I I CO 

HX CH-CH-CH2 

CH2 

Physiological Action. —(I) is a powerful poison 
resembling nicotine in its action {cf. Dale and Laid- 
law, J. Pharm. Exp. Thor. 1911. 3, 205). For 
toxicological identification, see Fiihner and 
Mortons (Biochem. Z. 1921, 115, 262); for micro- 
chemi(;al identification of (1) in plant material, 
see Klein and Farkass (A. 1931, 243). 

Schl. 

CYTISOLIDINE v. Cytisine. 
CYTISOLINE V. Cy'tisine. 
CYTOCHROME. MacMunn in 1886 (Phil. , 
Tran.s. 177, 267) described a pigment, under the 
names inyohaematin and histoha'inatin, which 
he found in muscles and other tissues of most 
animal species. He concluded that myo- and 
histo- haiinatin are respiratory pigments different 
from hfemoglobin and its derivatives. His 
observations were criticised by Hoppe-Seyler 
and others and although MacMunn made a 
strong defence, his views were not accepted, 
and his work was forgotten until 1925, when 
Keilin confirmed his discovery (Proc. Koy. Soc. 
B, 1925, 98, 312). This worker found that the 
pigment was more widely distributed and more 
important than anticipated by MacMunn. 

Keilin termed the pigment cytochrome and 
showed it to be an intracellular substance 
common to aerobic bacteria, yeast, higher 
plants and animals. Spectroscopic examina¬ 
tion of cells showed it to exist in reduced and 
oxidised states. In the reduced state it shows, 
according to Keilin, a characteristic absorption 
spectrum composed of four bands, a, 6, c and 
d, occupying practically the same position in 
most of the organisms studied. In the muscles 
of guinea-pigs, for instance, the bands are found 
at {a) 6045A, (&) 6662A, (c) fifiOOA, (d) 5205A, 
whilst the positions of maximum intensity of the 
bands in the thoracic muscles of bees are (a) 
6046A, (h) 6665A, (c) 6502A, (d) 5210A. 

The absorption spectrum markedly alters on 
oxidation, the four strong bands disappearing 
and being replaced by weak diffuse bands lying 
about a 5665A and j3 5287A. The highest 
concentration of the pigment is found inactively 
metabolising tissues such as the thoracic wing 
muscles of flying insects, heart muscles of 
mammals or birds, pectoral muscles of flying 
birds or in baker’s yeast. 

There is some parallelism between the con¬ 
centration of cytochrome in cells and their 
respiratory activities. The pigment is 
apparently completely absent from anaerobic 
organisms. 

It was shown by Keilin that c3rtochrome is 
not one chemically defined substance but a 
mixture of three hsemochromogen-liko com¬ 
pounds, a\ b\ and c', capable of being oxidised 
and reduced independently of each other. The 


bands a, 5, and c of cytochrome represent the 
a- bands of the three corresponding compounds, 
whilst the band d represents the fused bands 
of at least the two compounds b' and c'. 

The characteristic properties of cytochrome 
components are duo to the nitrogenous com¬ 
pounds with which their haomatins are com¬ 
bined. “ Cytochrome components differ from 
I their ha'matins just as much as heemoglobin 
differs from hamiatin ” (Keilin). Certain varia¬ 
tions in the structure and properties of cyto¬ 
chrome are revealed by the study of micro¬ 
organisms (Keilin, Nature, 1934, 133, 290). 
Whilst the absorption spectrum of cytochrome is 
usually similar to that of bakers’ yeast {a 
6030A, b 565oA, c 5500A, d 5230A) the bands b 
and c may be replaced by a single ])and b^ 
{e.g. in B. Coliy B. ‘proleuSy B. yucgatheriuniy 61 = 
5600A), or band a may be shifted a little eitlier 
towards the violet or the red. It can be definitely 
stated that the three components of cytochrome 
“ repn\sent three distinct haunochromogen 
compounds each having at its base a different 
Fe-porphyrin nucleus. It is po.ssiblc that these 
Fe-porphyrin nuclei are united to similar if not 
identical nitrogen compounds. These com¬ 
ponents may also differ In the dc'gree of their 
dispersion.” 

C)f the three components of cytochrome two, 
5' and especially a\ are very unstable ; they are 
as fragile as most of the enzymes (Keilin, Ergeb. 
d. Enzymforschiing, 1933, 11, 239). Component 
a' decomposes at 55‘^C., liberating its hiTmatin 
compound. Component c' is heat stable and 
may be easily extracted from baker’s yeast. 
Keilin has studied the relationship of cyto¬ 
chrome to respiratory enzymes of the cell (Proc. 
Boy. fSoc. 1929, 104, B. 206). His conclusions 
are as follow^s: (1) Components a' and c' of 
cytochrome are not autoxidisable, whilst 1/ and 
an unbound hiematin also found in the cell are 
autoxidisable. The latter in the reduced state 
can combine with (arbon monoxide. (2) The 
hsemochromogen precursor of cytochrome is also 
autoxidisable but cannot combine with carbon 
monoxide. (3) Constituents of cytochrome can 
give rise to thermostable peroxidase activity. 
(4) The indophenol oxidase of cells (which is 
inhibited by cyanide or carbon monoxide) is 
responsible for the oxidation of cytochrome, 
especially of its non-autoxidisable components 
a' and c'. (5) Cytochrome in living cells is 
reduced by organic compounds, especially 
succinic acid, when these are activated by their 
dehydrogenases. (6) Cytochrome acts as a 
hydrogen carrier between activated organic 
compounds and activated oxygen. (7) The 
autoxidisable component 6' may act as a carrier 
between similar activated molecules and free 
molecular oxygen. 

Keilin (Proc. Roy. Soc. 1930, 106, B, 418) 
has described a method of extracting cyto¬ 
chrome c' from bakers’ yeast. This consists of 
plasmolysing Delft yeast with NaCI and 
pouring into boiling tap water. The mixture, 
after standing a short time, is cooled with ice, 
allowed to settle, the supernatant fluid removed, 
and the deposit of yeast fiiltered on a Buchner 
funnel and washed. The yeast cakes so formed 
are suspended in a solution of sodium bisulphite, 
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sodium hyposulphite (N328004) is added, and 
the mixture is left overnight in a stoppered 
bottle. The clear pink filtrate contains, in 
solution, cytochrome c', mixed with salts and 
proteins. Subsequent treatment with CaCi2 
and SO2 effects a separation of the pigment. 

The component c' thus extracted corresponds 
to the modified myohaimatin of MacMunn and 
shows two strong bands in the visible spectrum, 
a at 5495A and jS, which seems to consist of three 
maxima, the central one of which is approxi¬ 
mately at 52OOA. Dixon, Hill and Keilin 
(Proc. Roy. Soc. 1931, 109, B, 29) find that the 
absolute absorption spectrum of reduced 
cytochrome r/ in the violet belongs to the type 
of spectrum given by haematin compounds. 
The spectrum of cytochrome c' in the reduced 
state is that of a typi(!al haimochromogen 
and in the oxidised state that of a parahaematin 
compound. Reduced cytochrome c' does not 
oxidise in neutral solution; at pjj4 and at py 13 
it becomes, however, autoxidisable. It reacts 
with carbon monoxide under alkaline con¬ 
ditions, forming a compound easily dissociated 
by light—behaving thus like an autoxidisable 
hicmochromogen. “ It differs from all known 
haun and ha}mochromogen compounds which 
on shaking with air rapidly oxidise to the 
corresponding haunatin and parahematin 
compounds.” The constitution of the ha‘ma- 
tin of cytochrome c/ is as yet unknown 
(Roche and B6n<Svent, Oompt. rend. 8oc. 
Biol. 1936, 123, 18). Reduced cytochrome 
is not oxidised by iron (iompounds, but b}' 
H2O2, ferricyanide, and copper salts. Oxidised 
cytochrome is reduced by sodium hypo¬ 
sulphite, cysteine, y;-phenylenediamine, and 
catechol. Its reduction in the Hving cell is 
accomplished by activatetl hydrogen donators 
(metabolites), the reduced form being oxidised 
through the indophenol oxidase. Hence its oxida¬ 
tion in the cell can be inhibited by substances 
which poison the indophenol oxidase, e.gr 
cyanide, or HgS. Under anaerobic conditions 
cytochrome is found in the living cell in the 
reduced form which then shows the typical 
spectrum. Removal of the anaerobic state 
under normal conditions (c.^r. shaking with air or 
oxygen) causes oxidation of the reduced form 
of the pigment and the disappearance of the 
characteristic spectrum. This phenomenon 
may be observed in living tissues. Recent work 
(e.(/, by Theorell, Biocheni. Z. 1935, 279, 463; 
1936, 285, 207) has emphasised the important 
part played by cytochrome as a carrier in the 
respiration of aerobic cells. 


Further information may be sought in an 
article by Shibata, which deals particularly with 
bacterial cytochrome (Ergeb. d. Enzymforsch- 
ung. 1935, IV, 348) and in the papers of Keilin 
and his colleagues. 

J. H. Q. 

CYTOSIN E, 2-oxy-6-amino-dihydropyrimi- 
dine, 

(^O 

NH—CH 

Koto-form. 

a product of hydrolysis of the nucleic acid 
from the thyroid gland and of nucleic acids of 
other origin. It has been synthesised by the 
following series of reactions: ^-ethylthio- 
carbamide hydriodide and ethyl sodioformyl- 
acetate condense to form 2-ethylthiolS-oxydi- 
hydrojyyrirn idine 

NHCO 

Ets-d^ 

N • CH 

w'hich is converted by the action of phosphorus 
pentachloride into 2-ethyUhiol-6-chloropyrimidine 


N:CCI 



NCH 


this reacts with alcoholic ammonia to form the 
6-om/MO-derivative, which yields on prolonged 
boiling with hydrobromic acid, 2-oxyS‘amino- 
dihydropyrimidine 


N - C NHg 



NH—CH 


identical with natural cytosine (Wheeler and 
Johnson, Amer. Chem. J. 1903, 29, 492, 605; 
Hilbert and Johnson, ibid. 1930, 52, 1152). 

Cytosine crystallises with one molecule of 
water in thin colourless pearly plates, becomes 
anhydrous at 100° and decomposes at 320-325°. 
It is insoluble in ether, and sparingly soluble in 
alcohol or water, 1 part dissolving in 129 parts of 
water at 25°. 


D. 


DAHL'S ACIDS, I, 2-naphthylamine-5- 
sulphonic acid ; II, l-naphthylamine-4:6-di- 
Bulphonio acid ; III, l-naphthylamine-4:7- 
disulphonic acid. 

DAMASCEN INE, methyl 2-methylamino- 
3-methoxy benzoate, C10H13O3N, m.p. 25-26°, 
b.p. 154°/15 mm., 270°/760 mm., occurs in the 
VoL. III.—35 


seeds of Nigella damaacena (Linn.) (0-4-0*5%) 
and of N. ariatata. 

Its constitution was established by synthesis 
(Ewins, J.C.S. 1912, 101, 544) and “methyl 
damasoenine ’* (Keller, Arch. Pharm. 1908, 
246, 1), shown to be identical with damasoenine: 
damasceninic acid, CgHj^OgN, stated by 
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Pommerehne (ibid. 1900,288,531) to be ieomorio 
with damascenine, is a product of hydrolysis 
of the alkaloid (see also Keller and Sohtdze, 
ibid, 1925, 263, 481). An alternative method of 
synthesis has been described by Kaufmann 
and Rothlin (Ber. 1916, 49, 678). A full 
account of the properties and synthesis of 
damascenine, which is also described as the 
odoriferous principle of oil of NigeUa used in 
perfumery, is given by Soraet (Manf. Chem. 
1924, 5, 87). 

Damascenine is mildly narcotic in action. 

A. J. E. 

DAMBONITOL, m.p. 195°, is a dimethyl 
ether of t-inositol; it is found in Gabon rubber 
and in the latex of Castilloa elastica, 

E. F. A. 

DAMMAR RESIN. The word used in the 
Malay States is damar, indicating resin used for 
making torches. The word “dammar ’* is here 
restricted to the resin used in spirit varnishes 
and nitrocellulose lacquers, etc., which is 
obtained from various species of the Diptero- 
carpacem and possibly Burseracese, The trees 
producing these resins are found on the Malayan 
Feninsula and the Pacific islands generally. 
For a full account of the dammar resins obtained 
in the Federated Malay States and the Straits 
Settlements, from which the greater part of the 
world’s supply comes, reference should be made 
to a report by the Conservator of Forests, 
F.M.S. and S.S. (see J. Oil Col. Chem. Assoc. 
1924,7, 186). The resin is obtained by a tapping 
process, somewhat similar to that used in the 
production of ordinary turpentine. One of the 
highest grades of dammar is that known as 
Cat’s Eye dammar, the finest pieces of which 
yield an almost colourless solution in coal tar 
hydrocarbons. It is mostly obtained from 
species of Hopea, principally H. micrantha. 
The tree exudes resin, which congeals on the 
trunk. This particular type of tree will not 
yield a steady supply by tapping. In the Malay 
States this is known as Mata Kuching. From 
the commercial point of view dammar known as 
Penak or damar Penak is more important in 
regard to quantity, although it is not of as 
high a quality as Mata Kuching. Penak is the 
product of Balanocarpus Heimii, 

Three samples of dammar examined at the 
Imperial Institute were foimd to have the follow¬ 
ing characters. 


1. Pale 

2. Brownish- 

8. Pale 

lumps. 

yellow. 

powder. 

Moisture, % . . 0-6 

0*7 

1-1 

Extraneous matter, % 0*2 

0-1 

2-8 

Acid value . , . 36*1 

34-6 

38-3 

Saponification value 39-6 

38-1 

47-8 

Ash, % .... 0*01 

0*01 

1-61 

Softening-point °C. . 71 

80 

72 

Temp, of gradual 
fusion °C. . . . 83-95 

88-98 

80-90 


The difficulty in adopting limit figures for 
this resin is shown by the fact that acid values 
up to 72 have also been found by the Imperial 
Institute. 

Coffignier (Bull. Soc. chim. 1911, [iv], 9, 649) 


gives the following figures for six samples of 
known origin: 

1 2 3 4 6 0 

Bp.gr. at 18® . . 1-086 1 0481*057 1025 1004 1-082 

Melting-point . . 95® 120® 96® 110® 190® 105® 

Acid value. . . 31-4 36 1 80-1 19'9 69-6 18-6 

Saponitication value 33-7 64-6 39*3 30-9 64-5 19*6 

j Insoluble In alcohol, 

% .... 20-3 23-6 19-1 22*4 45-5 82-8 

Insoluble in ether, % 4-5 9-6 1-0 4-1 37-9 3*2 
Insoluble in acetone 

%. 14-7 20-4 14-0 16-4 46-3 21-3 

Origin.—1. Padang. 2. Borneo. 3. Singapore. 

4. Pontianac. 5. Sumatra. 6. Batyan. 

Barry (“ Natural Varnish Resins,” p. 106 et 
seq.) gives analyses of a number of samples 
which are of considerable value, as the samples 
were supplied by the Conservator of Forests, 
F.M.S. and S.S. The samples included Dammar 
Mata Kuching, Penak, “ dead ” dammar, 
and some inferior dammars. For Mata Kuching 
he found acid values 21-5, 23*2, and 23-8, and 
from 0-05-0*47% insoluble in chloroform. For 
Penak, acid values 34-37*1, and from 0-2-3-64% 
insoluble in chloroform. The high figures for 
insoluble matter were found for samples in 
powder form and may therefore merely indicate 
high extraneous matter. A sample of Dammar 
Temak gave the following results : 


Acid value .... 20-6 
Saponification value . 25-6 
Loss at 105° . . . 1-06% 

Melting-point . . . 80-90° 

Iodine value (Wijs) . 61 


Dead dammar, a name applied to the opaque 
resin, sometimes yielded by Balanocarpus 
Heimiif gave the following figures : 



1. 

2. 

8 . 

Moisture (at 105°), % . 

0-67 

5-86 

2-6 

Insoluble in C H C 1 «, % 

1-76 

Traces 

0*65 

Ash, 0/^. 

0-04 

0*12 

0*19 

Acid value .... 

30-5 

26-7 

28*4 

Non-resinous matter, % 

2-4 

6-98 

3*32 

Acid value of pure 




resin. 

31-3 

28-4 

29-0 


Two samples of Siamese dammars have been 
examined by F. H. Geake (Ind. Eng, Chem, 
1927, 19, 826), both of which were probably 
from species of Shorea, They had the following 


characters; 

1 . 2 . 

Specific gravity . . . 1-069 1-066 

Acid value .... 32*9 18-2 

Saponification value . . 169-2 44-9 

Moisture, % ... , 1-9 0*8 

Ash, %. 0*14 0-36 

Softening-point . . 146° 76° 

Melting-point .... 193° 86° 


Three samples of Siamese resin examined by 
Barry (op. cit.) gave acid value 17*4-27, saponi¬ 
fication value 26*2-46*6, iodine value (Wijs) 
43*6-60, insoluble in chloroform 0*4-2*68%. 

It is not considered wise to include the sug¬ 
gested composition of this resin, as the results 
of combustions giving formulas such as 
CggHgoOg to a resin acid can hardly be relied 
on until crystalline derivatives are prepared 
(see Dulk, J. pr. Chem. 1848, [i], 45, 16). 
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A so-called Borneo dammar is obtained from 
Vatica moluccana, Kemner (Farben-Ztg. 1936, 
41, 686 ) states that it has acid value 13*47, 
saponification value 60-37, and melting-point 
2()0°. It contains a little wax, which causes its 
solutions to be somewhat cloudy. It is known 
as Hiroe dammar. 

E. J. P. 

DANAITE. A cobalti-ferrous variety of 
mispickel (ironsulpharsonide, FeAsSj), 4-10% 
cobalt replacing iron. 

DANALITE. A rare sulpho-siKcate mineral, 
with the formula 3R2Si04*RS, whore R repre¬ 
sents Fe, Zn, Be, Mn, containing BeO about 
14%. The flesh-red or grey cubic crystals are 
octahedral or tetrahedral in habit; sp.gr. 
3-35-3*43; H.= 6 ^^. It occurs in granite at 
Rockport and Gloucester, in Massachusetts, 
and largo crystals have been found in Cornwall. 
Closely allied is the tetrahedral-cubic mineral 
helvite, which contains about the same amount 
of beryllium, but with a preponderance of 
manganese and no zinc. 

L. J. S. 

DANDELION, Taraxacum officinale Wig- 
gers (Fam. Compositae). A common weed of 
Europe and America. The loaves, which have 
a somewhat bitter taste, are sometimes eaten 
after boiling or used green as a salad. For this 
latter purpose they are frequently blanched. 
Recorded analyses of edible leaves are : water, 
86 * 6 %; protein, 2*4-2- 8 %; fat,0-7-1-0% ; N-free 
extract, 7-6-10-6%; fibre, 1-5%; ash, 2-0%. 
According to J. 8 . Kleiner and H. Tauber 
(Science, 1935, 82, 652) the ascorbic acid content 
of leaves averages 0-08-0-10 mg. per g. of fresh 
material. The “ down ” of dandelion seeds 
contains, in addition to cellulose, soluble 
pentoses, hemicellulose and probably a xylan 
(VotoSek and Zvonfdek, Coll. Czech. Chem. 
Comm. 1933, 5, 448). Karrer and Schopp have 
isolated a flavin from alcoholic extracts of the 
flowers (Helv. Chim. Acta, 1934, 17, 771). 

A. G. Po. 

DAPHNANDRA ALKALOIDS. The 

bark of the Australian plant D. repandula 
(Fam. Monimiaceas) is remarkably rich in 
total alkaloids ( 6 %). Pyman (J.C.S. 1914, 
105, 1679) isolated and characterised three 
new alkaloids from D, micrantha: daph- 
nandrine (I) (1-6-2%), micranthine (II) (max. 
0-6%), and daphnoUne (III) (1-5%). Mode of 
extraction: ground bark percolated with 0-25% 
aqueous tartaric acid, concentrated, made alka¬ 
line with NHg, and extracted with CHClg. 
Separation of phenolic from non-phenolic bases 
by shaking CHClg extract with NaOH. 
CHCig evaporated and residue treated with 
CH.-COgEt, when crude (I) separated. The 
resiaue is a mixture of (I) and (II) and is 
finally separated by conversion into the oxalates. 
The phenolic portion (see above) is acidified, 
made alkaline with NagCOg and (III) taken 
up in CHClg, from which solution the crude 
phenolic base soon separates. 

Daphnavdrine (I), colourless 

needles from CHClg, with 0*6 mol. solvent of 
crystallisation, m.p. 280°, [ajj) -}-474*7° (anhydr.) 
practically insoluble in boiling HgO, and all 
organic solvents except boiling CHClg. The 


base contains three OMe and one NMe 
groups. Hydrochloride, B*2HCI-f 6HgO, 
colourless prisms, m.p. 282° (anhydr.), [a]p -f 296- 
314°; hydrobromide B- 2 HBr+ 6 H 20 , m.p. 
291° (anhydr.), [ajj, -f 266-280°; acia oxalate, 
B-HH 2 C 204 + 6 iH 20 , m.p. 226°. 

Micranthine (II), CggHggOgNg, colourless 
needles from CHClg, m.p. 190-196°. The base 
contains one OMe and one NMe group. 
Insoluble in HgO and EtgO, sparingly soluble 
in EtOH or CHClg, the only crystalline salt is 
the sulphate B-H 2 S 04 -f lOHgO, fine colourless 
needles (from H 2 O) decomposing at 312°. 

DaphnoUne (HI), 


crystallises from CHClg or EtOH in small 
hexahedra with solvent of crystallisation, 
m.p. 190-215°,[a]p -f459° (dry base in CHClg); 
(III) is even less soluble in organic solvents than 
(I). Hydrochloride B-2HCI-f S^HgO, large 
truncated bi-pyramids, from moist EtOH, m.p. 
290° (anhydr.), [aj^ -1-283°. The base contains 
two OMe and one NMe groups. Hydro¬ 
bromide B*2HBr-f 4 H 2 O, clusters of micro¬ 
scopic needles, readily soluble in hot but 
sparingly so in cold HjO, m.p. 286° (anhydr.). 

The three alkaloids give characteristic colour 
reactions with FrOhde’s reagent: (I) indigo 

changing to port-wine red ; (11) indigo changing 
to emerald green ; (III) violet changing to port- 
wine red. 

There is nothing known about the constitution 
of the three alkaloids, for further colour reactions 
and pharmacological action, v. Pyman (Lc.). 

Schl. 

DA P H N ETIN . Daphne tin is present in the 
form of its gluooside, daphnin, in the bark of 
the Daphne alpina Linn., D. Mezereum Linn., 
and D. odora (Thunb.). 

The concentrated alcoholic extract is digested 
with boiling water, filtered and treated with 
lead acetate solution. The precipitate is re¬ 
moved, basic lead acetate added to the filtrate, 
the lead compound of the glucoside decomposed 
with hydrogen sulphide, and the solution 
evaporated (Zwenger, Annalen, 1860, 115, 8). 
When hydrolysed with boiling dilute acids, 
daphnin yields daphnetin and glucose. 

Daphnetin, C 9 HQO 4 , pale yellow needles, 
m.p. 256°, is soluble in alkalis with a yellow 
colour, and gives a yellow precipitate with 
lead acetate solution. It forms a monoethyl 
ether, colourless plates, m.p. 165°, and a diethyl 
ether, needles, m.p. 72°. When the latter is 
boiled with caustic soda solution, the diethyl 
ether of daphnetinic acid : 


ICH=CH-COOH 


is produced, and this, by ethylation, yields the 
triethyl derivative. Oxidation of daphnetinic 
acid triethyl ether gives triethoxybenzaldehyde, 
which is readily converted into triethoxybenzoio 
acid. The silver salt of this acid, when destruc¬ 
tively distilled, yields pyrogallol triethyl ether. 
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Daphnetin is accordingly 7:8-diliydroxy- 
coumarin ; 



CH 


(Stunlcel, Ber. 1879, 12, 109; Will and Jung, 
ibid, 1884, 17. 1081). 

It has been synthetically prepared by heating 
pyrogallol with malic acid in the presence of sul¬ 
phuric acid (von Pechmann, ibid. 1884, 17, 933), 
and by the condensation of pyrogallaldehyde 
with sodium acetate (Gattermann and Koebnor, 
ibid. 1899, 32, 287). 

The following derivatives have been prepared : 

Dibeiizoylda'phnetin, m.p. 152*^; diacctyldaph- 
netin, needles, m.p. 129° (von Pechmann, /.r.), 
m.p. 137° (Asai, Acta Phytochim. 1930, 6, 9). 

ii-Hydroxy-l-methoxycoumariUf m.p. 175°; 
^‘hydroxy-1-ethoxy couniar in, m.p. 145°; 8- 
m.ethoxy-1-eihoxycoumarin, m.p. 81°; and 7- 
methoxy-ii-ethoxyco'uviarin, m.p. 85-5° (Wessely 
and Sturm, Ber. 1929, 62, [B], 115; 1930, 63, 
[B], 1299). 

Ethyl ^phnetin-Z-carhoxylxiic, rn.p. 231-232° 
{diacetyl derivative, m.p. 129-130°), and the 
corresponding arid, m.p. 263° {diaceiyl deriva¬ 
tive, m.p. 213-214°) (Boehm, Arch. Pharni. 
1933, 271, 490). 

DaphneJm-^-carbnxylic acid, m.p. 228°; 8- 

hydroxy-l-acctonyloxycoumarin, m.p. 132-133°; 
and S-methoxy-l-acetovyloxycoiimarin, m.p. 81- 
82° (K4y, Silooja, and Vaid, J.C.S. 1935, 813). 

4-Methyldaphnetin and its derivatives (Sakai 
and Kato, J. Pharm. Soc. Japan, 1935, 55, 691). 

Daphnetin is a yellow colouring matter and 
gives very pale yellow, pale olive-yellow, olivo- 
yeUow, and olive-black shades on wool mor¬ 
danted with tin, aluminium, chromium and 
iron respectively (Perkin and Wilson, J.C.S. 
1903, 83, 134). 

Daphnin, colourless prisms, m.p. 

228-229°, dissolves in alkaline solutions with a 
yellow colour. Methylation of daphnin and 
subsequent removal of the sugar group (Wessely 
and Sturm, l.c.) yield 1-hydroxy-S-7nethoxy- 
coumarin, m.p. 185’5°. Daphnin, therefore, con¬ 
tains the glucose residue in positioiv 7, and is not 
identical with the daphnetin glucoside syn¬ 
thesised by Leone (Gazzetta, 1925, 55, 673) 
from iS-acetobromoglucose and daphnetin. 

According to Asai (l.c.), the amount of 
daphnin present in various parts of the D, odora 
varies with the season, c.g. large quantities are 
present in the leaf-buds in the early stages of 
development. Daphnin absorbs short waves, 
especially between the frequencies 3,260 and 
3,900, and in this respect is similar to flavone. 
Coumarin and hydroxycoumarin glucosides 
resemble the hydroxyflavones in their light 
absorption and localisation in plants, and 
probably serve the same physiological purpose. 

A. G. P. and E. J. C. 

DA PH NIN V. Daphnetin. 

DAPHNOLINE v, Daphnandka Alka¬ 
loids. 

D’ARCET’5 ALLOY v. Bismuth (Vol. I, 
p. 698), 


DARCO V. Adsorption. 

DARWIN ITE. A copper arsenide, similar 
to Domeykite, CU3AS. 

DATE. The fruit of the palm Phoenix 
dactylifera. Dates form the historic food of the 
Arabs, and in recent times have been cultivated 
in southern areas of the United States. Varieties 
imported into Europe are usually soft-fleshed 
and sticky. “ Dry,” firmer t5q)es are more 
common around desert habitations. Attwater 
and Bryant (U.8. Dept. Agric. Off*. Exp. Sta. Bull. 
1906, No. 28) give the average percentage analysis 
of the edible flesh of cured dates as : water ]5'4, 
protein 2-1, fat 2-8, N-free extract -f fibre 78*4, 
ash 1*3. The soluble carbohydrates of the 
date consist largely of sucrose, the Deglot Noor 
(Sahara) variety containing excieptionally large 
})roportion8. Fattah and Cruess (Plant Physiol. 
1927, 2, 349) record that Mesopotamian 

varieties contain larger proportions of total 
solids an<l of sugars than the American-cultivated 
types. In many varieties the actual sucrose 
content is higher in the green than in mature 
fruit, and 20-25% may be inverted before 
harvesting. Aj)proximately 3% of the carbo¬ 
hydrates are in the form of pentosans (Wittmann, 
Z. landw. Vcrsuchs, Oestcrreich, 1901, 4, 131, 
and according to lieif (Z. Unters. Lebensm. 

1934, 68, 179) a small amount of sorbitol is 
also present. A. K. C. Haas and D. E. Bliss 
(Hilgardia, 1935, 9, No. 6, 295) report a detailed 
study of the growth and composition of the 
Deglet Noor variety. 

Dried ground date stones have the percentage 
composition : water 7-96, ash 0*89, protein 5-25, 
carbohydrates 65*53, fibre 13*60, oil 6*77. The 
oil has the following characteristics : d^^'^ 0*9201, 
1*4580, saponification value 206*1, iodine 
value 54*5, unsaponifiable matter 1*98%, free 
acid (as oleic) 0*5%, Reichert-Meissl value 1*0, 
Polenske value 3*0, insoluble fatty acids 
(m.p. 22°) 88*7% (R. G. Harry, Analyst, 1936, 
61, 403). 

The dried, roasted and ground stones have 
been utilised as a coffee substitute, analysis of 
which show s: 

N-free 

HgO Protein. Fat. extract. Fibre. Ash. 

% % % % % % 

American 5*5 6*7 11*2 59*0 15*8 1*75 

German 6*6 5*5 7*9 50*9i 27*8 1*3 

^ Includes 2’2% of sugar. 

The sap of the date palm collected from 
incisions made in the bark has a high sugar 
content, and after clarification and evaporation 
yields a crude brown sugar or jaggery. 

An Indian beverage prepared from dates is 
stated by Biswas and Guha (Indian Med. Gaz. 

1935, 20, 382) to have ten times the vitamin-C 
content of cows’ milk, and a considerable pro¬ 
portion of vitamin-B. 

According to Das and Sarin (Ind. Eng. Chem. 

1936, 28, 814) vinegar may be satisfactorily 
prepared from aqueous extracts of dates by 
inversion of the sugar with acid, and sub¬ 
sequent fermentation; 100 lb. of fresh fruit 
are stated to yield 12-16 gals, of standard 
vinegar, 

A, G. Po. 
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DAT IL E . The fruit of Muntingia Calabura. 
This is a native of southern United States 
and is also grown in the West Indies. The small, 
round fruits (1*6 cm.) comprise a firm epicarp 
enclosing a mass of pulp and seeds. 

Pratt and del Rosario (Philippine J. Sci. 
1913, 8, 59) record the percentage analysis of 
the edible pulp and seeds as : total solids, 24*6, 
insoluble solids 8*4, protein 2-0, acids, as malic, 
0*1, reducing sugar 8-1, sucrose 5*3, ash 0*8%. 

A. G. Po. 

DATISCA CANNABINA TAnn. This is 
a tall, erect herb, resembling hemp, belonging 
to the Batisceae and met with in the temperate 
and sub-tropical western Himalayas from 
Kashmir to Nepal. The root, known as Alkal- 
hir^ has been extensively used in Kashmir and 
throughout the Himalayas as a yellow dyestuff, 
chiefly on alum-mordanted silk; but the colour¬ 
ing matter a])pear8 to bo present in the whole 
plant as the leaves and twigs can also be 
employed for the same purpf)se. 

From the leaves of the Datisca cannabinay 
Braconnot (Ann. Chira. 1816, [ii], 3, 277) 
isolated a crystalline substance which ho termed 
datiscin. It was subsequently shown by Sten- 
house (Annalen, 1856, 98, 166) that this com¬ 
pound is a glycoside which on hydrolysis yields a 
sugar and a yellow colouring matter, datucetiiiy 

^ 15 *^ 10 ^ 6 * 

Sehunck and Marchlewski (Annalen, 1893, 
277, 261) suggested the formula Ci5H220g, 
and showed that, on fusion with alkah, datis- 
cetin gives salicylic acid. By the action of 
dilute nitric acid, a nitrosalicylic acid was 
obtained, whereas with strong nitric acid, 
picric acid was formed. Datiscetin appeared to 
contain methoxyl groups, and was considered 
by the authors to be most probably a xanthone 
derivative. 

On the other hand, KorczyAski and March- 
lewski (Chem. Zentr. 1906, 11, 1265; 1907, II, 
700; Biochem. Z. 1907, 3, 295) show that pure 
datiscetin, C.6H loOfl, does not contain methoxyl 
groups. It is soluble in alkaline solutions with a 
yellow colour, and gives with sulphuric acid a 
yellow hquid possessing a green fluorescence. 
When boiled with concentrated solutions of 
alkalis, phenol and salicylic acid are produced. 

By the action of bromine on a solution of 
datiscetin in boiling acetic acid, Leskiewicz 
and Marchlewski (Ber. 1914, 47, 1599) obtained 
tribromophloroglucinol, and as a result suggested 
that this colouring matter is 6:7:2'-trihydroxy- 
flavonol (I). This conclusion was confirmed by 


OH 



1 . 


Kalff and Robinson (J.C.S. 1925, 127, 1968), 
who synthesised datiscetin by the action of 
o-methoxybenzoic anhydride and sodium o- 
methoxybenzoate on <o-methoxyphloraceto- 
phenone at 180°, and hydrolysis of the product. 


The datiscetin 3:2'-dim6thyl ether thus obtained 
yielded, on demethylation, datiscetin (I), pale 
yellow needles, m.p. 276° (corr.), identical with 
the natural product. From an examination of 
the actual specimen of datiscetin isolated by 
Schunok and Marchlewsld (Z.c.), Kalff and 
Robinson conclude that the specimen consists 
essentially of datiscetin mixed with galangin. 

Tetracetyldatiscetin, colourless prisms, m.p. 
141° (corr.), and ietrahenzoyldatwcetin, colourless 
needles, m.p. 191-192° (corr.), are described. 

Bargellini and Peratoner (Gazzetta, 1919, 49 , 
64) prepared datiscetin 5:7:2'-trimethyl ether 
from 2-hydroxy-4:6:2'-trimethoxyphenyl styryl 
ketone (II), which, by means of dfiute alcohoho 



hydrochloric acid, yields the corresponding 
flavanono. The wonitroso- derivative of the 
latter, when heated with hydrochloric acid in 
acetic acid solution, is converted into 5:7:2'- 
trimethoxyflavonolf pale yellow needles, m.p. 
158-160°, which gives with sulphuric acid an 
intensely green fluorescent solution. 

Datiscin ,—According to Charaux (Compt. rend. 
1925, 180, 1419), datiscin, C27H3oOi5,4H20, 
m.p. 192-193°, [aji) —48’6° in alcohol, occurs 
to the extent of 6-10% of the dry weight of the 
roots and leaves of the Datisca cannabina. It is 
hydrolysed by enzymes yielding oquimoleoular 
amounts of datiscetin and a rhamnogliicose, 
rutinose (cf, ibid. 1924, 178, 1312; Zemplon 
and Gerecs, Ber. 1936, 68, [BJ, 1318). By 
hydrolysis with acids, datiscin gives 1 mol. of 
datiscetin, 1 of dextrose, and 1 of rhamnose. 

Dyeing Properties of Datisca cannabina .—The 
dyeing properties of datisca root on wool are 
very similar to those of Old Fustic. It is, 
however, slightly inferior in dyeing power. 
On cotton it dyes more like quercitron bark, in 
so far that the olives obtained on iron mordant 
are bluer in shade, as though some tannin 
matter were present. It appears to have about 
the same colouring power as quercitron bark, 
but gives a brighter yellow with aluminium 
mordant (Hummel and Perkin, J.S.C.I. 1895, 
14, 458). 

A. G. P. and E. J. C. 

DATISCETIN AND DATISCIN v 

Datisca Cannabina. 

DATOLITE. A native borosihcate of 
calcium, HCaBSiO^, containing B2O3 21*8%. 
Monoolinic crystals, with a profusion of small 
brilliant faces, many with five-sided outlines, 
are of common occurrence ; these are usually 
transparent and colourless, or with a faint 
greenish tinge ; sp.gr. 3*0. The mineral most 
often occurs associated with zeolites in the 
amygdaloidal cavities of basaltic rocks, e.g. in 
the neighbourhood of Edinburgh and Glasgow, 
and at Bergen HiU and West Paterson in New 
Jersey. It, however, presents several other 
modes of occurrence: viz. in granite at Baveno 
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in Piedmont; in diorite at Rosskopf in Baden; 
in gabbro with copper ores at Monte Catini in 
Tuscany; in “limurite ” (an axinite-pyroxenite) 
at Dundas in Tasmania; in serpentine in the 
Lizard district in Cornwall ; in calcite veins in 
sandstone at Sonthofen in Bavaria ; in veins of 
silver ore at Andreasberg in the Harz Moun¬ 
tains ; in the Lake Superior copper mines (hero 
as a compact, opaque, white form resembling 
unglazed porcelain); in beds of magnetite in 
gneiss at Arendal in Norway. 

L. J. S. 

DATURA STRAMONIUM, a bushy 
annual plant, growing in the warmer temperate 
regions. The seeds and leaves contain about 
0*1 to 0-5% of alkaloid {daturine)^ consisting of 
hyoscyamine associated with small quantities of 
atropine and hyoscine. 

DATURINE V . Datura Stramonium. 

DAURICINE, C 3 gH 44 N 2 O 0 , isolated from 
Menispermum dauricum ^-3%) by Kondo and 
Narita (Amer. Chem. Abstr. 1927, 21, 2700). 
Slightly yellow, amorphous base, m.p. 115^ 
[ajJJ —139°, soluble in EtOH, acetone, benzene, 
and EtgO. Dimethiodide needles, m.p. 
(anhydr.) 204°, [a]^—110°, O-methyldauricindi- 
methiodide prisms, m.p. 152° (decomp.); [al^ 
—80-1. For absorption-spectrum, see Ocliiai 
(Amor. Chem. Abstr. 1929, 23, 6272). Faltis 
and Frauendorfer (Ber. 1930, 63, 809) first 
suggested that dauricine belongs to the group of 
the 6 t 5 -coclaurine-alkaloids (q.v.) (see also von 
Bruchhausen and Gericke, Arch. Pharm, 1931, 
269, 115), which suggestion has finally been 
proved by the synthesis of methyl-dauricine-a- 
methino, m.p. 125-126° (Kondo, Narita, and 
Uyeo, Ber. 1935, 68 , 619 ; for complete survey, 
see also Kondo, Arch. Pharm. 1936, 274, 65). 
Dauricine has the following constitution : 


R 



OH 

R--CH2CH 



DAVITAMON. Trade name for prepara¬ 
tions containing vitamin A, D, or both (Organon 
Laboratoriest London), B.P.C. 1934. 

DEAD DIPPING. The process of pro¬ 
ducing a pale yellow dead surface on ornamental 
brasswork. The brasswork, after the final stamp¬ 
ing, with its adhering black scale from the 
annealing oven, is placed in dilute nitric acid 
until the scale is detached, when it is removed 
and washed with water. It is next plunged into 
stronger nitric acid, and when its surface is 
covered with minute gas bubbles, it is washed 
in a solution of argol and dried in hot sawdust. 


DEAD OIL . The higher boiling fractions of 
shale oil, from which the greater portion of the 
solid paraffin has been removed by crystallisation. 

DECACYCLENE, formed when 

acenaphthene is heated alone, with sulphur, or 
(for greatest yield, 30-35%) with lead oxide in a 
sealed tube (Dziewofiski et al., Ber. 1903, 36, 
962; 1914, 47, 1679; 1918, 51, 457), and 

purified by crystallisation from cumene or nitro¬ 
benzene. Forms large, glistening, golden-yellow 
needles, m.p. 387°, and gives a picrate, m.p. 
295-296° (doc.). 

Dziewofiski and collaborators have shown by 
degradation with chromic acid and perman¬ 
ganate that decacyclone has the constitution : 



(Ber. 1913, 46, 2156). 

It may bo reduced by hydriodic acid and red 
phosphorus in a sealed tube (Dziewoiiski et al., 
J.C.S. 1924, 126, i, 1066) or catalytically using 
nickel at 230° and 200 atmospheres pressure (von 
Braun, Ber. 1934, 67, [B], 214). Sulphonation 
yields a trisulphonic acid, the alkali salts of 
which dye wool various shades of red and 
violet from an acid bath (Dziowofiski and Poch- 
walski. A, 1926, 279; G.P. 379616, U.S.P. 
1496085). 

Klarner and Woszczerowicz (Chem. Zentr. 
1934, I, 1760) describe both absorption and 
fluorescence spectra. 

DECAM ETHYLENEDICARBOXYLIC 
ACID, C02H [CH2]joCO,H. The ester is 
prepared by electrolysis of potassium ethyl 
pimelate in alkaline solution (G. Komppa, 
Ber. 1901, 34, 900 ; J. Walker and J. Lumsden, 
J.C.S. 1901, 79, 1200). It is also obtained by 
adding hydrobromio acid to undecylinio methyl- 
ester and converting this to the nitrile ester 
with subsequent hydrolysis (Walker and 
Lumsden, i.c., H. Noerdlinger, Ber. 1890, 28, 
2357. For related methods, see J. von Braun, 
Ber. 1909, 42, 4550; A, Fra^e and A. Kroupa, 
Monatsh. 1930, 56, 331). A commercial pro¬ 
cess utilises dic^cZohexanol which is oxidised 
(chromic acid) to diketodecamethylene-€wc-dicar- 
boxylic acid and this last is reduced by the 
Clemmensen method (G.P. 602837). Deoa* 
methylene-ax-dicarboxylio acid has also been 
obtained by oxidising several natural products, 
e,g. behenolio acid (T. Maruyama, Proo. Imp. 
Acad. Tokyo, 1934, 10, 467; the reverse 
synthesis has been effected by J. L. Simonson 
and oo-workers, J.C.S, 1928, 2678); isooleio acid 
(K. H. Bauer and J. Mitsotakis, Chem. Umschau, 
1928, 85, 137); isoerucio acid (J. L. Simonsen 
and co-workers, J.C.S. 1927, 371); A-hydroxy 
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stearic acid (Y. Asahina and H. Takimoto, J. 
Pharm. Soc. Japan, 1929, 49, 155); and by 
reduction of a decadiene acid contained in 
sardine oil (Y. Toyama and T. Tsuchiya, Bull. 
Chem. Soc. Japan, 1936,10, 192). 

Becamothylene-oiv-dicarboxylio acid has m.p. 
126° (Maniyama), 126-5° (Franke and Kroupa), 
129° (corr.) (D. A. Fairweather, Proc. Roy. Soc. 
Edin. 1925, 46, 71). For X-ray measurements 
of the acid and esters, see A. Normand, J. Ross, 
and E. Henderson, ibid, 1926, 47, 69; J.C.S. 
1926, 2632. 

The half-esters yield esters of eiro 8 ane-l: 20 - 
dicarboxylic acid on electrolysis (H. A. Fair- 
weather, l.c. ; L. Ruzicka and co-workers, 
Helv. Chim. Acta, 1928, 11, 1174). cyclo- 
Undecanone and c«/cWoko8ane-l:12-dione are 
formed on distilling the rare earth salts (e.g. 
thorium and particularly yttrium) of the acid 
(B.P. 235640; L. Ruzicka and co-workers, 
Helv. Chim. Acta, 1926, 9, 249; 1928, 11, 670. 

DECCAN GRASS CEREALS, MiUott 
(Vol. II, p. 482c). 

DECHENITE. Lead vanadite containing 
zinc and manganese. 

D EC H O LIN . Trade name for preparations 
containing dehydrocholio acid, employed in 
treating hepatic diseases (Riedel- de Haen, 
Berlin ; Old Strand Chemical and Drug Co., 
London), B.P.C. 1934. 

DECOLORISING CARBONS v. 
Charcoal, Activated. 

DECYL ALCOHOL (and ACETATE). 
n-Decyl alcohol, CioH 2 i*OH, is used, but in 
very small amount, in perfumes of the rose, 
neroli, and orange type. Not more than 1% 
should be used in rose perfumes. Sp.gr. at 
16-6° 0-836, Wp 1-4376, b.p. 232°, Decyl acetate, 
CioH 2 i'OOC-CH 3 , has a sweet, fruity odour, 
and is used to give a distinctive note to many 
floral perfumes, B.p. 190°. 

E. J. P. 

DECYL ALDEHYDE, n-C^Hi^-CHO. This 
sjmthetic perfume is so powerful that it is 
usually sold in a 10 % alcohol solution, and must 
be used in traces only. It has an intense, sweet 
odour, allied to that of orange, and is used—in 
traces—^in floral compounds of the jasmin, rose, 
violet and wallflower types. When freshly made 
it melts at 18-20° ; b.p. at 12 mm. 94°, at 760 
mm. 210° ; sp.gr. at 15-5° 0-828 ; 1-4296. 

E. J. P. 

DEGALOL. m-Dihydroxycholic acid for 
the treatment of cholelithiasis. (Riedel-de Haen ; 
Old Strand Chemical and Drug Co.) B.P.C. 
1934. 

Di^GRAS (MOELLON) or SOD OIL is 

the waste fat recovered as a by-product from the 
chamoising (oil-tanning) process, and is used 
for the currying (stuffing) of heavy leathers and 
the fat-liquoring of light leathers; its value 
for these purposes is such that in some factories 
skins are chamoised solely for the sake of pro¬ 
ducing the raoollon. For the production of 
chamois leather, the flesh-splits of sheepskins 
are used, which are usually de-limed hy 
“ drenching.** The wet skins (partially dried by 
“ stocking ** with sawdust) are stretched on 


tables and rubbed with fish oil—^in England 
cod (liver)-oil is chiefly used, but whale off and 
seal oil are also employed on the Continent, and 
menhaden oil in America—and then pummelled 
and worked in the “ stocks ” so as to become 
thoroughly impregnated with the oil. The skins 
are then hung in the air to cool, and the process 
of rubbing in the oil, stamping in the stocks and 
airing is repeated until enough oil has been 
adsorbed. By the exposure to the air, the oil 
undergoes partial oxidation and hydrolysis, 
which is accompanied by the evolution of 
volatile products, among which acrolein is 
noticeable in the later stages. In the so-called 
English or German methods of working, the 
oxidation is promoted by piling the skins 
together in boxes or in covered heaps (after, 
or between, the stockings) in order to retain 
the heat generated by the oxidation; the 
skins must be turned or cooled occasionally, 
however, in order to prevent overheating. In 
the French method the skins are “ stocked,*’ 
aired, and “ fermented ” under mildor con¬ 
ditions than in the English method, so that the 
oil becomes less thickened, and it is possible 
to recover a large part of the surplus un- 
i adsorbed oil by steeping the leathers in warm 
water and wringing them, or pressing them in 
hydraulic presses: the fatty matter so ex¬ 
pressed is termed premihre torse mo&llon (mo&lon 
digras in the United States) A further quantity 
of grease is recovered from the skins by washing 
them with hot solutions of soda or potash, as is 
done in the Enghsh or Gorman methods; 
the inferior d^gras obtained in this way is 
frequently added to the mooUon. In the 
classical English or Gorman method of working, 
the oil becomes so thickened as a result of the 
more intense heating that it cannot be pressed 
out of the sldns, and the whole must be recovered 
by washing with hot alkaline lyes; the emulsion 
so obtained is acidified with sulphuric acid, 
when the fatty matter separates and can be 
skimmed off. This product constitutes the 
sod oil of commerce. According to Proctor, 
however, many English manufacturers have now 
adopted a modified procedure, akin to the 
French method, and recover a considerable 
quantity of moSUon by pressure (Proctor, 
“ Principles of Leather Manufacture,” 2nd ed., 
1922, p. 469); the same is the case in American 
practice (c/. J. A. Wilson, ” Chemistry of 
Leather Manufacture,” A.C.S. Monograph, 1929, 
vol. II, p. 719). 

The mechanism of the changes that occur 
during' chamoising is still very imperfectly 
understood. Evidently considerable oxidation 
and hydrolysis of the oil takes place, and part 
of the applied unsaturated oil enters into some 
form of irreversible combination with the skin 
substance, since only a limited portion of the oil 
adsorbed by the leather can be recovered by 
extraction with solvents: moreover, the skin 

^ It may be noted that in the United States wool 
grease is commonly known as “ d^gras ’* or “ sod oil,*' 
and must not be confused with the “ moGllon d^gras ** 
obtained from cod-liver oil by chamoising. In 
Eiurope, also, the term ** d6gra& ** Is indefinite, as it 
also embraces the mixed commercial stuffing greases 
and leather-greases obtained from tanned skins and 
clippings. 
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undergoes a true tanning (“ oil-tannage ”) 
since extraction with solvents does not restore it 
to the condition of pelt, as is the case if it is 
attempted to ‘‘ chamoise ” the skin with a 
saturated acid, e.g. stearic acid. Chambard 
and Michallet (J. Int. Soo. Leather Trades Chem. 
1927, 11, 559) regard the chamoising process 
as comprising two distinct reactions, ihz. (1) the 
tanning proper, whereby the moist skin sub¬ 
stance is converted into the more stable leather- 
substance by the action of the unsaturated oil 
with the participation of oxygon (r/. Lauft'- 
mann, i.edert,ech. Rundschau, 1926, 18, 191), 
and (2) a secondary “ stufling ’’ or nourishing 
action whereby relatively inert and polymerised 
derivatives of the oil are adsorbed by the leather 
fibrils. The first reaction may take the course 
suggested by Fahrion (Z. angew. Chem. 1891, 
4, 172, 634; 1903, 16, 670; 1909, 22, 2083; 
c/. Meunier and Seyewetz, Coll. 1908, 203; 
Chim. et Jnd. 1918, (i), 79), viz. (i) a [)eroxida- 
tion of at least two of the unsaturated linkings 
of the polyethylenic fatty acid chain, followed 
by (ii) the combination (oxidation) of two 
protein (amino) groups of the skin-substance 
with one of the peroxide groups, whilst the 
hydrogen so hborated is absorbed at the second 
peroxidised linking to form a labile di-bydroxy 
group; the latter may pass finally into a more 
stable form, perhaps by lactonisation with the 
carboxyl group liberated by hydrolysis of the 
oil. Tautomeric change of the dihydroxy 
groups into the keto-hydroxy form, or the 
conversion of peroxide groups into monoxide 
(epoxide) groups and other subsidiary oxidation 
reactions may account for the formation of the 
inert “ oxidised ” acids or their glycerides 
which are found in the unadsorbed moellon, and 
for the appearance of other oxidation products 
(aldehydes, volatile fatty acids, etc.) during the 
chamoising process. Fahrion’s theory that the 
intermediate, labile oxidation derivatives (per¬ 
oxides ?) of the oils or fatty acids are the actual 
tanning agents is supported by the fact that 
neither recovered degras, nor “ blown oils,” 
nor the “ oxidised acids ” from these, possess 
appreciable chamoising power. The presence of 
moisture in the skin is essential in order to 
bring it to the condition of a permeable, re¬ 
active gel; it is probable, however, that the 
water also plays a chemical rdle—^in the partial 
hydrolysis of the oils, for instance. True 
tanning (chamoising) can also be procured by 
means of linseed oil, but the resultant leather 
is inferior in suppleness and softness to a good 
chamois leather prepared by means of cod-fiver 
oil; a harsh leather is also obtained when 
fish oil fatty acids are used in place of the 
glycerides (c/. Fahrion, G.P. 338476; Lewko- 
witsch and Wood, B.P. 13126, 1911), and the 
recovered degras is unsatisfactory. 

Moellon possesses considerable emulsifying 
powers, and contains usually about 20-25% of 
water; the most characteristic constituents are 
the resinous “ oxidised fatty acids ” obtained 
upon saponification, and termed diffras-former 
{ddgraghie, Digraabildner) by Simand (Gerber, 
1890, 16 , 243, 264, 266, 279); these are insoluble 
in fight petroleum, but soluble in alcohol and 
alkaline solutions, from which they are re¬ 


precipitated by the addition of mineral acid; 
according to Fahrion, they consist of a com¬ 
plicated mixture of oxidised (peroxidised, 
hydroxylated ?) acids. 

The characters of pure “ moeJlon-d^gras ” are 
illustrated by the figures in Table I (due to 
J. A. Wilson, op. cit.f p. 800 ; Wilson and Merrill, 
“Analysis of Leather,” 1931, p. 383); c/. also 
Huhsam, J.S.C.l. 1892, 11, 639; Tortelli, Ann. 
d. Lab. chim. d. GabcUe, 1897, 184; Schmitz- 
Dumont, Dingl. Polyt. J. 1895, 296, No. 9-11 ; 
(tliese, with other figures, are reproduced by 
I^cwkowitsch in “ Oils, Fats, and Waxes,” 
vol. Ill (6th ed.), 1921, pp. 435-9). 

Moellon is not used in its pure state for curry¬ 
ing, but is mixed with fish or blubber oils, tallow, 
etc., and sometimes wool grease, to form the 
ordinary commercial degras; according to 
trade custom, such products are regarded as 
genuine. (Standards for commercial moellon 
and degras, issued by the German Verband der 
Degras- 11 . Lederoolfabrikanteii (c/. Gnamm, 
“ Die Fettostoffe in der Ledorindustrie,” Stutt¬ 
gart, 1926, p. 535) are shown in Table II.) On 
the other hand, numerous substitutes for degras 
or artificial digraa occur in commerce, which 
consist of highly adulterated dc^gras, the 

Table I. 


Analysts of Moellon-D^oras (Wilson). 



*' Typical 
sample." 

% 

Average 

figures. 

% 

Free fatty acids (as oleic 
acid). 

214 

15-7 

Unsaponifiable matter 

1*2 

1-7 

Unoxidised fatty acids 

49*7 

51-9 

(iod. val. 

(iod. val. 


79; rn.p. 

80; m.p. 


33°a) 

28°C.) 

Oxidised fatty acids . 

12-8 

104 

(iod. val. 

(iod. val. 


88) 

83) 

Water. 

23-1 

25-3 

Ash . 

1-0 

0-8 

Free mineral acid . 

0 

0 


Table II. 


German Standards fob Commercial Moellon 
AND DilGEAS. 



a 

o 

a 

*8 

k 

IS 

ta 

g 

S 

Total fatty matter ^ . 

% 

% 

% 

80 

78 

76 

Saponifiable matter ^ 

70 

63 

55 

Unsaponifiable matter . 

10 

15 

20 

Oxidised acids 

6-8 

5-7 

4-6 

Volatile matter (water) . 

20 

22 

25 

Ash. 

>1 

>1 

>1 


^ A tolerance of 2% Is permitted in these figures. 
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adulterants including mineral oils, blown oils, I and Bertho, Annalen, 1928, 4*67, 95; 1929, 474, 


rosin, blown rosin oils, etc.; according to the 
German standards {see above) rosin is not 
tolwated in “ moellon ” or “ degras,” but may 
be accepted in products sold as “ leather oils ” 
provided its presence is declared. 

For methods of analysis of degras, c/. 
Lowkowitsch, “ Oils, Fata, and Waxes,” vol. Ill, 
Oh. 16 (2); Auerbach, Coll. 1931, 311; (pro¬ 
visionally adopted as official methods by the Int. 
Ver. Lederind.-Chem.); Immendorfer, Collegium 
1925, 135; American standard methods—J. 
Amer. Leather Cliem. Asaoc. 1927, 22, 567. 

E L 

DEGUELIN v. Derrts. 

DEHYDRASE, DEHYDROGENASE. 

The reducing enzymes are the most labile bio¬ 
catalysts known. Their isolation from the 
tissues by methods analogous to those used for 
the hydrolysing enzymes is usually impossible; 
perhaps they are closely bound up with the 
structural elements of the cell. They arc 
usually studied by Tliunherg’s (8kand. Archiv. 
1920, 20, 1) methylene blue techniciue, which 
consists essentially in determining the reduction 
time of the dyestuff in the presence of the cell 
and its substrate, the experiment being made in 
vacuum tubes under anaerobic conditions. 
The substances which reduce the dyestulf are 
known as hydrogen donators, the substances 
which (!an he reduced in presence of the cell are 
termed hydrogen accjoptors and the catalysts as 
dehydrogenases. 

Whilst many substances are active as donators 
in presence of tlie cell, many others, closely 
related in chemical structure, are inert. Jt is 
considered, in explanation of this selectivity of 
action, that there are relatively few dehydro¬ 
genases, but that each d(‘alH with a particular 
type of molecule rather than with a 8pe(‘ific 
substrate (Quastel, Trans. Faraday Soc. 1930, 
26,853). Quastel has emphasised that the 
essential happening is a change in the substrate 
molecule as a whole prior to reaction. This is 
spoken of as the activation of the molecule 
(Ergebnisso der Enzymforschung, 1932, 1 , 

209). 

Methods of preparing active dehydrogenases 
from tissues by crushing them very finely in a 
steel ball mill are described by Ogston and 
Green (Biochem. J. 1935, 29, 1983, 2005). 

The principal dehydrogenases distinguished 
act on succinic, malic, formic, citric and lactic 
acids, xanthine and alcohol. 

Succinic dehydrogenase converts succinic acid 
into fumaric acid in presence of methylene blue. 
It is present in bacteria and in muscle tissue 
(Thunberg, Skand. Arch. Physiol. 1917, 35, 
166 ; Wieland and Frage, Annalen, 1929, 477, 
1). It has a high specificity. 

The so-caUed Schardinger enzyme of milk 
converts aldehyde to acid, hypoxanthin and 
xanthin to uric acid (Wieland, Ber. 1914, 47, 
2086; Annalen, 1929,477,32; 1930, 483,217). 

The dehydrase of the acetic bacteria converts 
alcohol into aldehyde and this into acid, the 
oxygen acting as acceptor in presence of the 
enzyme. An alternative theory is that a second 
molecule of aldehyde acts as acceptor for the 
first (Wieland, Ber. 1913, 46, 3327; Wieland 


1; Bertho and Baso, Annalen, 1931, 485, 26; 
also summary by Bertho, Ergebnisse der Enzym¬ 
forschung, 1933, 2, 204). The acceptor used for 
studying those rea(dioiis is qiiinono. 

Citric acid dehydrase is present in the liver and 
in vegetable material acting on citric acid (Bern- 
heim, Biochem. J. 1928, 22, 1178 ; Thunberg, 
Amer. J. Physiol. 1931, 90, 540). 

3'he dchydrases of seeds have been studied 
by Fodor (Biochem. Z. 1930, 225, 409, 417; 
1932, 246, 4). The subject is too involved for 
further treatment here; rel'erence is made to 
the most recent summary articles by Quastel 
and by Bertho in Ergebnisso der Enzym¬ 
forschung, 1933, 1, 209; 1934, 2, 204. 

E F A 

DEHYDROTHIO-m-XYLIDINE, 


CH3 



is prepared togctlier with about an equal amount 
of iHodehydrothio-m-xylidine wdien 7w-xylidine 
is heated with sulphur. The excess of m- 
xylidine is removed by distillation and the 
residue treated with hydrochloric acid in which 
the ?‘ 50 -compound is insoluble. ])ehydrothio-m- 
xylidine has m.p. 107°, b.p. 283°/14 mm., is 
insoluble in water, readily soluble in hot 
alcohol (Anschutz and Schidtz, Ber. 1889, 22, 
582 ; Paul, Z. angew. Chem. 1896, 9, 679), and 
may bo sulphonatcd (G.P. 593632), 

Both dohydrothio-77^-xylidine and the iso- 
compound yield azo-dyes, but only those from 
the latter are substantive to cotton. iso- 
Dehydrothio-m-xylidine, m.p. 121°, has been 
shown to have the structure : 



(Anschutz and Schultz, Ber. 1925, 8, [BJ, 

64). 

DEKOL. Sulphite cellulose waste liquor 
used as a wetting-out agent. 

DEKRYSIL. Trade name for 4:6-dinitro-o. 
cresol, used in the treatment of obesity {British 
Colloids, London). B.P.C. 1934. 

DELATYN ITE v. Amber or SreemiTE. 

DELCOSINE V , Delphinium Species, 
Alkaloids of. 

DELPHIN is the 3:5-diglucoside of del- 
phinidin {q.v.). Qualitative tests (Robinson and 
Robinson, Biochem. J. 1931, 25, 1687) had 
already indicated the possibly wide occurrence 
of an anthocyanin of this type when Reynolds, 
Robinson and Scott-Moncrieff (J.C.S. 1934, 
1236) succeeded in isolating delphin from the 
bright blue flowers of Salvia patens. The pig¬ 
ment, which is present as a complex acyl deriva¬ 
tive, is accompanied by a large proportion of 
anthoxanthins. The latter remain in solution 
when aqueous load acetate is added gradually 
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to a solution of the mixture in methyl alcoholic 
HCI, the anthooyanin being precipitated as a 
lead salt. Hydrolysis of acyl groups occurs 
■when the regenerated anthocyanin is kept in 
contact with aqueous-alcoholic HCI, and 
recrystallisation of the simplified pigment gives 
delphin chloride. The pure digluooside separates 
from 3% HCI in homogeneous, flat, leaf-like 
crystals ha’ving a striking bronze reflex, and 
when dried in air consist of a trihydrate^ 


^27 ^ 81 ^ 17 ^ 

The chloride is very sparingly soluble in cold 
water, alcohol and dilute acids, but it dissolves 
readily in hot dilute HCI. The psevdo-base 
is formed when the chloride is heated with water 
or alcohol. The solution in aqueous sodium 
carbonate is bright pure blue fading slowly to 
clear green. Sodium acetate gives a violet-blue, 
and ferric chloride added to the aqueous solution 
develops a bluish-violet coloration. In alcoholic 
solution the iron reaction is violet blue. A royal 
blue precipitate is formed when load acetate 
is added to a solution of the chloride. Boiling 
10% HCI hydrolyses the anthocyanin to del- 
phinidin chloride (1 mol.) and glucose (2 mols.). 
Careful comparison of the colour reactions of 
delphin with those of synthetic anthocyanins of 
known constitution enabled Reynolds, Robinson 
and Scott-Moncrieff (lx.), to relate dolphin to 
cyanin (^.v.), that is, to assign to delphin the 
constitution of a 3:5-diglucoside of delphinidin. 
Delphin chloride was synthesised by condensing 
together in ice-cold ethyl acetate solution 
saturated with dry HCI 2-0-tetra-acetyl-)3- 
glucosidylphloroglucinaldehyde (I) and cu- 
tetra-acetyl - p - glucosidoxy - 3:4;5 - triacetoxy - 
acetophenone (II). An acetylated anthocyanin 
resulted from which delphin chloride (III) was 
obtained after hydrolysis with methyl alcoholic 
barium hydroxide and treatment with dilute 
sulphuric and hydrochloric acids. 




H 2 C 0 CeH 70 ( 0 Ac )4 

II. 



Both the natural and synthetic anthooyanin 
have identical quantitative colour reactions, 
absorption spectra in 0*1% methyl alcoholic 
HCI, and distribution ratios between 0*6% HCI 


and n-butyl alcohol. A saturated solution of the 
natural anthooyanin in 1% methyl alcoholic 
HCI is incapable of dissolving even traces of the 
synthetic salt, and vice versa; on the other 
hand, the chlorides of malvin, cyanin and meoo- 
oyanin dissolve in the mixed natural and 
synthetic delphin solutions. 

AwohaniTif the colouring matter of the flowers 
of Commelina communis var. hortensis Making 
is a derivative of delphin. Both the chloride 
and the picrate crystallise with SHgO. The 
results of analysis and hydrolysis indicate 
that it is an ester derived from delphin (1 mol.) 
and p-coumaric acid (1 mol.) (Chika Kuroda, 
Bull. Chom. Soc. Japan, 1936, 11, 266). 

W. B. 

DELPHINIDIN, first obtained by WiU- 
stfttter and Mieg (Annalen, 1916, 408, 61) by 
hydrolysis of delphinin (g.v.), has since been 
recognised as one of the most widely distributed 
anthocyanidins. An acylated monoglucoside, 
Gentianin, occurs in the flowers of Oentiana 
acaulis; an acylated rhamnoglucoside, Violanin, 
is present in the flowers of the violet pansy 
{Viola tricolor L.). Vicin, the colouring 
matter of the scarlet-red vetch (Vida L.), is a 
mixture of a monoglucoside and a mono- 
rharanoside of delphinidin. The egg-plant 
{Solanum Melongena L., var. esculentum Ness) 
owes its colour to Nasuniut a 3-bioside of 
delphinidin. A dimethyl ether, Malvidin, is a 
component of many anthocyanins amongst 
which are Malvin, Oenin (ayn. Ampelopsin, 
Cyclamin), Primulin, and Negretein. A tri¬ 
methyl ether, Hirsutidin, occurs in the digluco- 
side Hirsutin, and Petunin may be the corre¬ 
sponding diglucoside of a delphinidin mono¬ 
methyl ether (Bell and Robinson, J.C.S. 1934, 
1604). 

Delphinidin chloride, C„H„0,CI, 



may be obtained by hydrolysing any of the 
related glycosides by short boiling with 20% 
HCI, or synthetically as described below. 
WiUstatter and Weil (Annalen, 1916, 412, 178) 
have described four distinct hydrates having 
1 HoO, 1 -SHjO, 2 H 2 O, and 4 H 2 O respectively, 
whilst Reynolds, Robinson and Scott-MonoriefiF 
(J.C.S. 1934, 1239) have encountered a fifth 
form with 3*6HoO. The monohydrate separates 
from cold 3-6% HCI as thin, sharply-out, 
deep-violet rhombic tablets. The sesquihydrate 
crystallises from HCI of more than 20% 
concentration. It is readily obtained by adding 
concentrated HCI to a solution of delphinidin 
in water or dilute HCI; an amorphous pre¬ 
cipitate is first formed but this soon crystallises. 
The dihydrate is obtained when the solvent is 
allowed to evaporate slowly from a solution of 
delphinidin in alcohol to which 7-20% HCI 
has been added ; it forms aggregates of prismatic 
tablets. The tetrahydrate separates from solu- 
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tion in 6% HCI in the form of fine red-brown 
prisms and needles. Of the various forms the 
eesqui- and te<m-hydrates are most easily 
prepared. Robinson’s hydrate was obtained by 
dissolving delphinidin chloride in 0-6% HCI 
and increasing the acid concentration to 10%. 
The chloride is easily soluble in methyl or ethyl 
alcohol and in water to violet solutions; it 
dissolves with difficulty in dilute sulphuric acid. 
Sodium carbonate added to a solution of the 
chloride gives a pure blue coloration. With 
ferric chloride the alcoholic solution gives a pure 
blue, whilst in aqueous solution the colour is 
violet and less stable. The absorption spectrum 
consists of one fairly well defined band in the 
yellow-green region. The anhydrous chloride 
does not melt below 350°. The sulphate 
separates from hot dilute sulphuric acid in long 
prisms. The picrate forms fine red-brown 
needles and prisms difficultly soluble in water. 
The iodide is of particular interest, since it is 
easily obtained crystalline even when it is 
derived from crude specimens of delphinidin. 
It separates when concentrated H I is added to a 
solution of the chloride in dilute HCI and 
crystallises from hot dilute HI in elongated 
rhombic plates which are frequently arranged in 
rosettes. The crystals are deep-red by trans¬ 
mitted light and exhibit a marked yellow glitter. 
An aqueous solution of the chloride soon deposits 
violet fiocks of the colour-hose. The pseudo-base, 
CjjHijOg, is formed when a dilute solution 
of the chloride is warmed witli a trace of 
sodium dihydrogen phosphate. It has con¬ 
siderable crystallising power; extracted with 
ether and recrystallised from ether or water it 
forms colourless prisms which become violet 
when heated above 120°. It is easily soluble in 
alcohol, acetone, ethyl acetate or glacial acetic 
acid, but is less soluble in ether and insoluble 
in benzene. It dissolves in aqueous sodium 
carbonate to a yellow solution. Dilute HCI 
regenerates the chloride. 

Delphinidin chloride dyes unmordanted wool 
violet. On tin-mordanted wool the dyeing is 
blue with a violet tinge. Tannined cotton is 
dyed blue-violet. 

An indication of the constitution of delphinidin 
was obtained by WiUstatter and Mieg (l.c.), who 
considered that phloroglucinol, pyrogallol, and a 
small amount of gallic acid were the products 
obtained on hydrolysing delphinidin chloride 
with 76% KOH at 250°. Complete proof of 
structure was provided by Pratt and Robinson 
(J.C.S. 1926, 127, 173), who condensed a)-3:4:6- 
tetramethoxyacetophenone with 2-hydroxy-4;6- 
dimethoxybenzaldehyde in ether saturated with 
dry hydrogen chloricie, and obtained delphinidin 
chloride hexamethyl ether. Demethylation with 
HI (sp.gr. 1*7) and phenol gave delphinidin 
iodide, from which the chloride, identical m all 
respects with that obtained from natural sources, 
was obtained by warming in alcoholic solution 
with silver chloride. A more convenient method 
of preparing delphinidin consists in condensing 
2-O-benzoylphloroglucinaldehyde with <tf-3:4:5- 
tetra-acetoxyacetophenone to benzoyldelphini- 
din chloride, from which delphinidin is obtained 
by successive treatments in an inert atmo¬ 
sphere with aqueous KOH and HCI (Bradley, 


Robinson, and Schwarzenbach, J.C.S. 1930, 
793). 

Delphinidin chloride may be distinguished 
from other anthocyanidins in that it is not 
extracted from 1% hydrochloric acid solution 
by the so-called “ delphinidin reagent.” This 
consists of anisole (4 vois.) and ethyl amyl 
ether (1 vol.) containing 6 g. picric acid in 
100 c.c. of the mixed solvents. Aerated dilute 
acid solutions of both delphinidin and petunidin 
are immediately decolorised as the result of 
oxidation when they are mixed with excess of 
10% aqueous sodium hydroxide (R. Robinson). 

W. B. 

DELPHININ, the pigment of the purple 
wild delphinium {Delphinium Consolida Linn.), 
was isolated by WiUstatter and Mieg (Annalen, 
1915, 408, 61). It is an ester of a delphinidin 
diglucoside (1 mol.) and ^-hydroxybenzoic acid 
(2 mols.), the acyl residues being attached to 
phenolic hydroxyl groups (Kondo, Helv. Chim. 
Acta, 1928, 11, 919). Delphinin is best isolated 
as the chloride, C^iHjgOgiCI, which appears 
to crystallise with 1 2 H 2 O, of which only 1 OHgO 
can be removed by drying in high vacuum at 
130°. It forms deep red prismatic tablets or 
prisms, and dried as above sinters at 150-160°, 
then melts at 200-203° with decomposition and 
swelling. Although easily soluble in methyl 
alcohol, it dissolves with difficulty in ethyl 
alcohol, in HCI of more tJian 0’5% concentra¬ 
tion and in dilute sulphuric acid. The solution 
in sodium carbonate is blue, and ferric chloride 
added to an aqueous or alcohoUo solution 
gives a blue colour. The salt is optically 
active; [a]c==--1364°(:1150°); [al^g « -2273° 
(±150°). Its absorption spectrum consists of 
one broad band. When the neutral aqueous 
solution is allowed to stand the colour base 
(rosettes of violet needles from aqueous alcohol) 
is formed; pseudo-base formation is not 
observed even when the chloride is w^armed with 
water. The picrate, obtained as a flocculent 
red-brown precipitate, is very difficultly soluble 
in water. 

W. B. 

DELPHININE v. Delphtnium Species, 
Alkaloids of. 

DELPHINIUM CONSOLIDA. Delphin¬ 
ium Consolida is a common European plant 
belonging to the larkspur family; its name 
refers to its powers, real or imaginary, of healing 
or consolidating wounds. The blue flowers were 
examined by Perkin and Wilkinson (J.C.S. 
1902, 81, 585) to determine if these 3 rield the 
same colouring matters as those previously 
isolated from the flowers of the D. zalil {ibid. 
1898, 78, 267). The presence of kaempferol 
only, however, could be detected. For its 
isolation an aqueous extract of the flowers was 
digested at the boil with addition of sulphuric 
acid, and the brown resinous product which 
separated on keeping, extracted with alcohol, 
and the extract concentrated. Addition of 
ether to this solution caused the precipitation 
of resinous impurity, and on evaporating the 
ethereal liquid a semi-crystalline residue of the 
crude colouring matter was obtained. The 
product was converted into the acetyl deriva¬ 
tive, and this, after purification, retransfonned 
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into colouring matter. The yield was approxi¬ 
mately 1 %. 

Kaempferol, CijHjoOg, yeUow needles, m.p. 
276'“277°, is soluble in aUtaline solutions with a 
yellow colour, and forms crystalline oxonium 
salts with mineral acids. When fused with 
alkali, it yields phloroglucinol and j^-hydroxy- 
benzoic acid. 

To kaempferol v. Kostaiiecki (Ber. 1901, 34, 
3723) assigned the formula (I), and its synthesis 



was subsequently effected by v. Kostanecki, 
Lampe and Tambor {ibid. 1904, 37, 2096) from 
2-hydroxy-4;6:4'-trimethoxychalkone (II) b\^ 
the usual method of flavonol synthesis. The 
kaempferol 5:lA'-trimeihyl ether^ pale yellow 
needles, m.p. 151-152°, thus obtained yielded 
kaempferol ( 1 ) on demethylation. 



III. 

Robinson and Shinoda (J.C.S. 1925,127,1973) 
synthesised kaempferol by heating a>-inethoxy- 
phloracetophenone ( 111 ) with anisic anhydride 
and sodium anisate. The product, on 
hydrolysis, yielded kaempferol ^ -dimethyl ether, 
pale yellow platelets, m.p. 234°, from which 
kaempferol was obtained by demethylation. 

Tetraacetylkaempferol, when crystallised from 
methyl alcohol, forms colourless needles, and 
when heated commences to melt at 116° and 
becomes completely fluid at 120°. On further 
heating, however, gradual solidification ensues 
and the product subsequently melts at 181-182°. 
This peculiarity of acetylkaempferol, which is 
not apparent when the substance is crystallised 
from ethyl alcohol, affords a convenient method 
lor its detection. 

Kaempferol possesses well-defined dyeing 
properties, and gives with mordanted woollen 
cloth the following shades which closely resemble 
those given by morin: 

Chromium Aluminium Tin Iron 

Brownish- Yellow Lemon- Deep 
yellow yellow olive-brown 

Kaempferol is also present in the Impatiens 
Balaamina (Chantili Pass), the Erythrina atricta 
(vernacular name “ Kon kathet *’) (Perkin and 
Shulman, Proc. Chem. Soc. 1914, 80, 177), the 
berries of the Ehammbs catharticua, and together 


with quercetin, both apparently as glucosides, 
in the flowers of the Prunua apinoaa (Perkin and 
Phipps, J.C.S. 1904, 85, 56). 

Kaempferide (kaempferol 4'-methyl ether) 
exists in galanga root {q.v.). 

The following glucosides of kaempferol are 
known: Robinin, which occurs in the flowers 
of Eobinia Paeudo-Acacia (q.v.); kaempferitrin, 
found in the leaves of the Indigofera arrecta {aee 
Indigo, Natural) ; kaempferin, which has 
been isolated from Cassia anguatifolia, Vahl. 
(Tutin, J.C.S. 1913, 103, 2006); muUijiorin, 
present in Eosa multiflora (Konda et al., J. Pharm. 
Soc. Japan, 1929, 49, 35, 182); and a kaempferol 
rhamnoside which exists in the blossoms of 
Acacia discolor, A. linifolia, A. decurrens (var. 
mollis), and A. longifolia (Petrie, Biochem. J. 
1924,18, 957). 

Willstktter and Mieg (Annalon, 1915, 408, 61) 
isolated from the flowers of J). Consolida the 
anthoeyanin, delphinin (q.v.). 

A. G. P. and E. J. C. 

DELPHINIUM SPECIES, ALKA¬ 
LOIDS OF. Larkspur, pied d'aloiiette, 
dauphin (Fr.), Eittersporn (Ger.). Fara. R-anuncu- 
lacefc. About 12 delphinium species arc known 
to contain alkaloids, but only the constituents 
of D. Ajacis, i>. Consolida, and D. Slaphisagria 
have been studied to some extent. Heyl (J.C.S. 
1903, 84, I, 650) isolated a mixture of bases 
w^hich ho called delphocurarine from the roots of 
D. bicolor (0-27%), D. Menziesii (0*35%), D. 
Nelsonii (0-72%), and D.scopulorumvar. stachyd. 
(1-3%). The bases were extracted by 80% alcohol 
containing tartaric acid. The white amorphous 
mixture exerted a strong curare-like action 
(c/. Lohmann, Pfliiger’s Archiv. 1902, 92, 398). 
From the mixture, a small fraction of a crystal¬ 
line base, C 23 H 33 O 7 N (?), was isolated, m.p. 
184-185° (from ether and light petroleum), 
soluble in EtOH, EtgO, CHCI3, benzene, 
sparingly soluble in light petroleum ; it contains 
18-03% OMe, but does not give crystalline 
salts or characteristic colour reactions. 

Uncharacterised alkaloids are recorded from 
X>. glaucum,, I). Geyeri (Heyl, Hepner and Loy, 
J. Amer. (ihem. Soc. 1913, 35, 880), and 1). 
Andersonii Gray (Miller, Amer. Chem. Abstr. 
1923, 17, 3073). According to Keller (Arch. 
Pharm. 1925, 263, 275), D. elatum contains an 
alkaloid, C 33 H 5 iNOg (0-35%), melting at 218°, 
the oily mother liquor is said to contain two 
more alkaloids, but no further details have been 
reported. 

D. Ajacis contains alkaloids of a considerably 
smaller molecular weight, from an alcoholic 
extract of the seeds Keller and Volker (Arch. 
Pharm. 1913, 251, 207) succeeded in isolating 
two new bases. 

Ajacine, Ci 5 H 2 iN 04 + HgO, separates from 
dilute EtOH, m.p. 142-143°, soluble in MeOH, 
EtOH, CHCI3, benzene, ligroin, acetone, 
sparingly soluble in EtaO and CHa* 002 ^ 1 , 
insoluble in H 2 O. It is alkaline in reaction, 
yields readily soluble salts, which crystallise 
with difficulty (hydrochloride, sulphate). The 
base contains three OMe groups. 

Aj aconin, C 17 H 29 NO 2 , crystallises in prisms, 
m.p. 162°-163°, is probably a secondary base, 
does not contain methoxyl-groups, yields a 
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crystalline methiodide, m.p. 121°, and an 
amorphous di-benzoate. 

D, conaoUda: (common larkspur, Feld- 
ritteraporn^ Ger.). Keller (Arch. Pharin. 1910, 
248, 468) isolated three alkaloids from this 
plant (crude hydrochlorides 1%), one being 
crystalline, m.p. 195-197°, soluble in EtOH, 
CHCI3, acetone, MeOH, sparingly soluble in 
EtgO and CHg'COgEt, insoluble in HgO, 
strongly alkaline. Markwood (Amer. Chem. 
Abstr. 1925,19, 874) re-investigated D. consolida 
and isolated two crystalline alkaloids, delsollne, 
C26H41NO8, m.p. 207-209°, soluble in EtOH 
and CHOI3, and deicosine, G2iH3gNCDg, m.p. 
198-199°, soluble in EtOH and CHCI3, spar¬ 
ingly soluble in EtgO, the latter being probably 
identi(^al with Keller’s crystalline base {aee above). 

D. Staphiaagria : (stavesacro-seeds, Stephans- 
Icraut^ Ldusekrauty Gcr.). For early literature, 
cf. Walz (Arch. Pharm. 1922, 260, 9). The most 
important alkaloid is delphinine, Cg 4 H 47 N 09 , 
m.p. 187-5-188-5°, 4-18-9°, crystallises 

from Et20 or acetone, soluble in the usual 
organic solvents. The acid oxalate is character¬ 
istic, it crystallises in iK'cdles, m.p. 186° (dried). 
.Delphinine is a tertiary base (methiodide, m.p. 
196°) it contains one free hydroxyl, one benzoyl, 
and lour methoxylgroups. Delphinine, like 
most of the /).-alkaloids, is apparently structur¬ 
ally related to aconitine. Keller and Schmechel 
(Arch. Pharm. 1925, 263, 276) give a detailed 
account of the extraction of staphisagria-seeds 
(yield 0*16% total alkaloids) from which 0*11% 
crystallised delphinine, small amounts of 
delphisine, a third crystalline base and amor¬ 
phous bases were obtained (delphinoidine and 
staphisagrolne (?) ). Keller and Schmechel 
(Arch. Pharm. 1925, 263, 280) further investi¬ 
gated the constitution of delphinine, but so far no 
definite results have been published. For details 
concerning the essential oil of I). Staphiaagriay cf. 
Markwood (Amor. Chem. Abstr. 1928, 22,1215). 

Pharmacological Action of Delphinium Alka¬ 
loids.—Delphinine is intensely poisonous, re¬ 
sembling aconitine in its action and affecting 
especially the respiration and circulation by 
paralysing the nerves of the respiratory system. 
Lethal dose for dogs per kg. body-weight: 
delphinine, 1*5 mg., delphisine 0-7 mg., and 
delphinoidine 0*5 mg. For further details, cf. 
Lohmann (/.c.), Kahn (Pfliiger’s Archiv. 1916, 
164, 428), and Fiihner (Arch. exp. Path. Pharm. 
1911,66, 187). 

Schl. 

DELPHINOIDINE Delpiunium 

Species, Alkaloids of. 

DELPHISINE r. Delphinium Species, 
Alkaloids of. 

DELSOLINE v. Delphinium Species, 
Alkaloids of. 

DELTA ACID, a-naphthylamine-l.-S-disul- 
phonic acid, is a valuable intermediate for the 
production of l:8-dihydroxynaphthalene-4-sul- 
phonic acid, of 5-sulpho-8-amino-a-naphthoI, 
and of a-naphthol-4:8-disulphonic acid. It 
yields a blue wool dyestuff on fusing with 
sodium sulphide and hydroxide at 210° (G.P. 
283727), but is more extensively used in the 
production of azo-dyestuffs directly (G.P. 
43125) and of tetrakisn.j5p-dye9tuffs (F.P.666489). 


It has also been employed in the preparation of 
light-sensitive paper which is coated with delta 
acid and a diazo-component, the red image being 
developed with alkali. 

DENATURANTS. Various articles 
primarily used for human consumption, such as 
tea, tobacco, and spirits, arc, on importation or 
manufacture in this country, subject to heavy 
Customs and Excise duties. When required for 
other purposes, for example, as raw materials in 
various arts or manufactures, they ar(» released 
without payment of duty after having been 
denatured. This “ denaturing ” is accom¬ 
plished by admixture with other substances 
which, w^hile not impairing their efficiency for the 
purpose for which they are required, render 
them unfit for human consumption or act as 
“ tell-tales ” should they be deposited with the 
Government and “ drawback ” of duty claimed. 

The priiHuples underlying the choice of suitable 
denaturants are mainly as follows : 

(a) They should be inexpensive so as not to 
add materially to the cost of the denatured 
article. 

{ h ) Their use should cause the minimum 
amount of inconveniemeo to tlie manufacturer 
both in regard to his processes and to the 
necessary official superAusion involved. 

(c) The donaturant should not be incompatible 
with the process of manufacture or the sub¬ 
sequent use of the denatured article. 

(d) If added for its nauseating effect it should 
be sufficiently objectionable to deter any would- 
be consumers of the denatured article. 

(c) If added as a tell-tale it should be dis¬ 
tinguishable easily l)y the microscope or other 
means. 

(/) It should have such a relation to the 
original article as to preclude its removal 
from the mixture by any process which could 
profitably bo carried out on a commercial scale, 
and it should bo (capable of being detected even 
if present in very small quantity. 

The over-ruling condition in the use of de¬ 
naturants is that they shall be approved by the 
Commissioners of Customs and Excise before 
use. 

Spirit. —By reason of the large amount of 
revenue derived from alcoholic spirit and the 
great variety and extent of its commercial 
application this is the most important article 
subject to British official denaturing regulations. 
There are now in Great Britain four standard 
types of denatured alcohol, viz. : 

Industrial Methylated Spirit. 

Industrial Methylated Spirit (pyridinised). 

Mineralised Methylated Spirit. 

Power Methylated Spirit. 

The quantity of methylated spirit manu¬ 
factured in Great Britain and Northern Ireland 
during the past few years has steadily increased. 
The following table shows the quantity of spirit 
(expressed in proof gallons) received for 
methylation : 


1931-2 . 

. . 10,497,268 

1932-3 . 

. . 11,221,933 

1933-4 . 

. . 12,961,041 

1934-5 . 

. . 15,416,568 

1935-6 . 

. . 16,303,078 

1936-7 . 

. . 20,636,112 
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Industrial methylated spirit, which represents 
about 75% of the above quotation, consists of 
96 parts by volume of alcohol and 6 parts of 
wo^ naphtha (in all methylating operations 
the Commissioners of Customs and Excise now 
have power to approve the use of synthetic 
“ wood naphtha ” in place of the wood distilla¬ 
tion product hitherto used exclusively). Indus¬ 
trial methylated spirit (pyridinised) has the same 
composition as industrial methylated spirit 
with the addition of 0*5 parts of crude pyridine. 
Mineralised methylated spirit contains 90 parts 
by volume of alcohol, 9-6 parts of wood naphtha, 
and 0*5 of crude pyridine. To every 100 gallons 
of this mixture is added J gallon of mineral 
naphtha (petroleum oil) and not less than oz. 
by weight of powdered methyl violet. Power 
methylated spirit is prepared by mixing 100 
parts by volume of alcohol, not less than 6 parts 
of petrol or benzol, 0-5 parts of crude pyridine, 
and 2’5 parts of wood naphtha. To every 100 
gallons of this mixture oz. of Spirit Red III 
dye must be added. When this preparation is 
mixed with not less than 25% of petrol, benzol 
or other approved substance, it may be sold free 
of further revenue restriction. The Statutory 
Regulations enable the Commissioners of Cus¬ 
toms and Excise to permit variations from this 
prescribed formula. It might be mentioned that 
mineralised methylated spirit, in quantities not 
exceeding 4 gallons, and the fully denatured 
power methylated spirit can be sold by retail. 
With these exceptions a purchaser must have 
an Excise permit to cover the receipt of these 
forms of denatured alcohol. 

The quantity of spirit used in the manu¬ 
facture of power methylated spirit is rapidly 
increasing, as shown by the following table: 


Year. 

Proof gallons. 

1931-2 . . 

32,103 

1932-3 . . 

139,264 

1933-4 . . 

604,527 

1934-5 . . 

. 1,775,519 

1935-6 . . 

1,656,627 

1936-7 . . 

. 5,127.980 


The general principles governing the denatura- 
tion of alcohol in the Dominions and foreign 
countries are the same as in Great Britain, 
variation being made to suit local requirements 
(v. Alcohol). 

Tea .—Before being admitted into the United 
Kingdom, tea is examined by the Customs 
authorities under Sect. 30 of the Sale of Food and 
Drugs Act, 1876, and, if found satisfactory, it is 
pass^ on pa3nment of duty; otherwise it is 
refused admission as tea for human consumption. 
It still, however, possesses a certain com¬ 
mercial value as a raw product for the extraction 
of theine or caffeine. If it is to be used for 
this or any other purpose except as a beverage 
the Commissioners of Customs and Excise per¬ 
mit its removal from bond without payment 
of duty on condition that it is suitably de¬ 
natured. This is usually accomplished by the 
addition of 100 parts of lime and one of asa- 
foetida to 1,000 parts of tea. Under special 
circumstances the asafoetida may, by per¬ 
mission of the Commissioners, be replaced by 


naphthalene or the lime may be replaced by an 
additional quantity of asafoetida. 

Tobacco is almost entirely imported into this 
country in an unmanufactured condition. The 
process of manufacture results in the accumula¬ 
tion of considerable quantities of waste material 
(stalks, midrib and broken leaf). On these the 
duty which has been paid is returned as “ draw¬ 
back ” to the manufacturer on condition 
either that the tobacco offal is surrendered to 
the Government or (if intended for such purposes 
as the manufacture of nicotine, insecticides, 
sheep dips, etc.) that it is denatured according to 
(jertain prescribed formula3 and under the 
supervision of revenue officers. Denaturing is 
equally necessary in the case of offal from 
tobacco manufactured in bond (although no 
duty has been paid nor drawback given) in 
order to prevent its fraudulent use as a sub¬ 
stitute for tobacco on which duty has been 
paid. A standard formula for denaturing 
tobacco to be used in the manufacture of fumi¬ 
gants for horticultural purposes is : 

Ground tobacco or offal snuff . 92*6 parts. 

Ground moss litter .... 7*6 „ 

Bone oil.2-6 „ 

For certain purposes anthracene oil, in the 
proportion of 10 parts, is used as an alternative 
for the bone oil. In these mixtures the oil 
acts as a deterrent to the use of the pre¬ 
paration as a smoking substitute for tobacco. 
The moss Utter is a “ tell-tale ” to prevent the 
mixture, after removal of the oil and admixture 
with other offal snuff, from being fraudulently 
presented to the Government for drawback. 
Under certain circumstances the Commissioners 
of Customs and Excise are prepared to consider 
applications for permission to use ingredients 
supplementary to those prescribed above. 

Wine which has become unsound and sour 
(owing to the formation of acetic acid), and thus 
unsuitable for use as a beverage, is released from 
Revenue custody without payment of duty, 
with a view to conversion into wine vinegar. 
The denaturant used in this case is 20% of 
commercial vinegar or an equivalent quantity of 
acetic acid. 

F G H T 

DENDRITES Agate. 

DENSIMETER, Apparatus for deter¬ 
mining the sp.gr. of liquids. 

DEOXYCARMINIC ACID v. Cochineal. 

DEOXYSANTALIN v. Babwood. 

DEPHLEGMATOR. A device for effecting 
fractional condensation in distillation practice 
thereby separating higher boiling constituents 
from mixed vapours (K. Thormann, “ Destil- 
lioren und Rektifizieren,” Leipzig, 1928). 

DERBY RED V. Austrian Cinnabar. 

DERICINEOL v. Castor Oil. 

DERMATOL, bismuth subgallate, is em¬ 
ployed as a drug, as a dusting powder (G.P. 
381292), and in combination with quinine as 
“ Etoscol ” (Pharm. Ztg. 1925, 70, 675). For 
review of manufacture, see E. A. Mauersberger 
(Chem. Weekblad, 1930, 27, 337). The salt is 
recommended as a means of determining gallic 
acid (M. Hirsoh, Chem. Ztg. 1927, 61, 718) (v. 
Bismuth, Vol. I, p. 700. 
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DERMOGENE. Trade name for an anti¬ 
septic dusting powder containing 65% of zinc 
peroxide. 

DERMOL. Bismuth chrysophanate, 

Bi(C„H, 04 ),Bi ,03 (f) 

a yellow amorphous insoluble powder used in 
the treatment of skin diseases [v. Bismuth, 
Compounds of, and Chrysabobin). 

DERR IS. Berris root has achieved its 
^eat importance in Europe and America as an 
insecticide and rival of pyrethrum since about 
1919, prior to which it was known as the source 
of a fish poison obtained from many species and 
used by natives throughout the tropics. 
Although apparently 40 species are known to 
contain toxic constituents, Derris eUipticaf 
D, malaccensis, and a so-called Sumatra type 
are the only ones of economic value. Berris 
root and its extracts ( 1 ) are cheaper and more 
potent than pyrethrum, and different crops are 
more constant and lasting in action ; ( 2 ) they 
are simple and convenient to apply; (3) unlike 
lead and arsenic preparations which they 
replace, they are non-poisonous towards higher 
animals. 

The preparation of active extracts consists in 
extracting with cold or warm water (10 and 16% 
extracts respectively), with 10 % aqueous sodium 
bisulphite (such extracts are relatively more 
potent), or best with organic solvents, many 
industrial processes being based on such 
extractions. Thus extracts in alcohol or acetone 
yield stable colloidal solutions on diluting with 
water; the aqueous emulsion may be con¬ 
centrated and either precipitated with milk of 
lime and the solid filtered and decomposed with 
tartaric acid, or treated with soda and the solid 
salted out. Powders so obtained have been 
applied directly, e.g. to tobacco plants, but are 
more frequently combined with sulphur, soap 
etc., in the preparation of spraying Liquids and 
cattle washes (B.P. 214822). Other processes 
merely filter the extract, preferably after 
adding alcohol and concentrating (such a 
product contains 30-32% of rotenone and 
34r-35% of other toxic products) (B.P. 247140) 
or coagulate with metal salts before re-emulsify¬ 
ing with soaps (B.P. 226250) or sulphonated 
oils (B.P. 229773). Methyl alcohol, ether, 
chloroform, carbon tetrachloride and petroleum 
are among other solvents which have been 
suggested for the initial extraction (B.P. 
239483). StHl other processes employ a con¬ 
ventional protective colloid (gum arabic) to 
emulsify in water the toxic principles (H. A. 
Jones and W. M. Bavidson, J. Econ. Entomol. 
1931, 244) or their solution in higher alcohols 
(B.P. 286797). 

The extraordinary activity of derris prepara¬ 
tions is evidenced by the fact that fish are 
destroyed within 90-240 minutes in a 0*001% 
aqueous extract (W. Peyer and H. Hiinerbein, 
Apoth.-Ztg. 1931, 92, 1485). Rotenone, the 
chief toxic constituent, is equivalent at a dilution 
of 1 : 100,000 in water to nicotine at 1 ; 10,000 
and topyrethrin at 1; 74,800 (M. Barley, J. Econ. 
Entomol. 1931, 111). 

The predominating insecticidal constituents 


of derris root are rotenom, degudin^ tephrosin, 
and toxicarol, of relative toxioities 400:40:10:1 
(Bavidson ibid, 1930, 868). See Bebbis Resin. 

DERRIS RESIN. Berris “root” is the 
dried rhizome of Derris eUiptica, D, malaccemis, 
and other species. It is indigenous to Malaya 
and the East Indies. The resin is extraob^ 
from the roots by various organic solvents. 
It has come into considerable use as an insecti¬ 
cide, and has recently received a great deal of 
attention from investigators. Its principal 
toxic constituent is a crystalline body termed 
rotenone, first isolated by Nagai (J. Tokyo 
Chem. Soc. 1902, 23, 740). The imcrystallisable 
portion of the resin, however, is probably as, or 
nearly as, toxic as the rotenone. Clark heated 
the imcrystallisable portion with alkali and 
isolated bodies to which the names toxicarol, 
deguelin, and tephrosin were given (J. Amer. 
Chem. Soc. 1930, 52, 2461 ; 1931, 53, 313, 759; 
1932, 54, 2537). These bodies are probably 
decomposition products of the uncrystallisable 
resin. Haller and La Forge {ibid. 1934,56, 2415) 
obtained dihydrodeguelin by reduction of a 
fraction of the resin. Cahn and Boam (J.S.C.I. 
1935, 54, 42T) have isolated a new substance 
from what was probably the extract from the root 
of Derris malacceiisis, var. sarawakensis. This 
substance is dimorphic and melts at 189°, but 
when crystallised from acetone, melts at 192- 
194°. It has the formula CjsHggO,, and is 
isomeric with tephrosin and toxicarol. It is 
phenolic and is toxic, but as it is present in very 
small quantity its presence has little effect on 
the toxicity. Cahn and Boam consider that the 
state of knowledge of the constituents of derris 
resin may be summarised as follows. Rotenone 
and the new body melting at 189° occur free in 
the resin ; dZ-toxicarol and at any rate part of the 
di-deguelin do not occur as such. Not more than 
a small amount of the tephrosin occurs as such. 
Deguelin occurs, at least partly, either as the 
Z-form or as its simple precursor. The remainder 
of the deguelin and tephrosin occur in some sort 
of combination or as simply related precursors. 
Nothing is known as to the mode of combination 
of the toxicarol. Cahn and Boam (J.S.C.I. 
1935, 54, 37T) consider that the determination 
of rotenone in derris roots is best effected in 
the following manner, but if the rotenone 
content of the resin is below 17% the results are 
too low. 

The root should be powdered to pass a 50-mesh 
sieve and dried in vacuo before extraction. The 
root is extracted in a Soxhlet tube for 8 hours 
with trichlorethylene. The solvent is changed 
and a second extraction for 4 hours is made. 
If this extraction shows more than a faint 
yellow colour, a third extraction is made. 
The solvent is removed and the resin is dis¬ 
solved in two parts of warm carbon tetra¬ 
chloride saturated with rotenone. It is cooled, 
seeded if necessary, and allowed to stand 
overnight. The separated crystals are collected 
in a Gooch crucible, washed with CCI 4 saturated 
with rotenone, and dried below 60° in a current of 
air. The weight of the crystalsx 0*72 gives 
the weight of the rotenone. For fuller detailB 
the two papers by Cahn and Boam (Z.c.) should 
be consulted. 
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Worsley (J.S.C.I. 1936, 55, 349T) publishes a 
very lengthy scries of analyses, and considers 
that the following points constitute improve¬ 
ments in the method of determining rotenone. 

Ethyl acetate forms a very efficient solvent 
for the extraction of the rotenone. The higher 
the purity of the “ rotenone complex ” Avith 
carbon tetrachloride, the more accurate is the 
determination, and Worsley adds a given weight 
of pure rotenone to the extracted resins so as 
to bring their rotenone value to over 40%. 
The purity of the carbon tetrachloride com¬ 
plex prepared by Worsley’s method is claimed 
to be, on the average, 94%, which is much 
higher than that prepared by Cahn and Beam. 
There are too many details in the methods for 
full reproduction here, so that the original 
papers must be consultt^d for these. 

Tattersfield and Martin (J.S.C.I. 1937, 56, 
77T) have separated an optically active con¬ 
stituent of derris resin which they consider is an 
active precursor of toxicarol. It is uncertain 
w hether the compound they obtained is in a 
high state of purity or not. The melting-point 
was 99° and the specific rotation in 4% benzene 
solution was —69°. 

A useful account of the experimental work on 
the cultivation of Derris elliptica, D. nudacoensis, 
and D. thyrsifiora^ in Peradeniya, by Lester- 
James should be consulted (Bull. Imp. Inst. 
1935, 2, 199). 

E. J. P. 

DESALGIN. The proprietary name of a 
preparation containing 0-06% of chloroform in 
oHve oil and peptone stated to have been 
employed as an analgesic in cases of gastric dis¬ 
order (D. Ettinger, Pharm. Presse, 1929,34,120). 

DESCLOIZITE. A basic lead and zinc 
vanadate, (Pb,Zn) 2 (OH)V 04 , crystallising in 
the orthorhombic system and isomorphous with 
olivonite (basic copper arsenate). A small 
amount of copper is usually present replacing 
zinc, and when this is present in larger amount 
the mineral grades into cuprodeacloizitCy which is 
identical with mottramile and psittacinite 
(F. A. Bannister, Min. Mag. 1933, 23, 376). 
The crystals are deep reddish-brown to black in 
colour, and the streak is a paler yellowish-brown. 
It occurs in veins of lead ore in association with 
vanadinite, etc., and has been mined to a 
limited extent in New Mexico and Arizona, as 
a source of vanadium. It also occurs in con¬ 
siderable quantities in the Sierra de Cordoba in 
Argentina, and at Broken Hill in Northern 
Rhodesia. More recently it has been found in 
large amounts at several places in the Groot- 
fontein district in South-West Africa. 

' L. J. S. 

DESICHTOL. Trade name for ichthyol 
which, it is stated, has been deodorised without 
loss of therapeutic activity by treatment with 
steam (Pharm. Zentr. 1898, 89, 90). 

DESOXYCINCHON INE v . Cinchona 
Alkaloids (this vol., p. 158c). 

DESOXYQUININE v. Cinchona 
Alkaloids (this vol., p. Hid), 

DESPYRIN. Trade name for a prepara¬ 
tion containing 14% of potassium bitartrate 
and 86% of acetylsalicylic acid (C. Mannich 
and G. Leemhuis, Apoth.-Ztg. 1913, 28, 650). 


DETERGENTS FROM PETROLEUM. 

The sulphonic acids produced in the refining 
of heavy fractions of petroleum have found 
considerable use as detergents. The sludges 
contain free acid, polymers, asphalts and a 
variety of sulphonates. On addition of water 
the free acid can bo recovered and reconcentratod 
whilst the oily matter separates. From this 
the sulphonic acids can be recovered by extrac¬ 
tion with a number of solvents. Other similar 
material can be obtained by the sulphonation 
of j)araffin wax and its oxidation products. 

Further halogenated sulphonic acids have 
been proposed. The sulphonic acids thus 
obtained are mixtures of some complexity. 
They eac:h contain at least one sulphonic acid 
group, but the actual chemical structure of the 
hydrocarbon associated with it has not been 
determined. An av^crago formula has been 
suggested of ^20*^27SOgH. The sulphonic acid 
group is very firmly attached to the hydro¬ 
carbon nucleus. A large number of detergent 
substances are now available from this source, 
and in general it is the alkali metal salts that 
have been proposed for this purpose. 

There is a considerable patent list con¬ 
cerned with petroleum detergents, and reference 
should bo made to the very full article in Carleton 
Ellis’s “ Chemistry of Petroleum Derivatives.” 


DETTOL. Halogen derivatives of xylenol 
dissolved in a saponified mixture of aromatic 
oils. It is a non-irritant and non-toxic germicide 
{Reckitt df SonSy Hull). B.P.C. 1934. 

DEUTERIUM. Introduction. — Deu¬ 
terium or D. A heavier isotope of hydrogen 
having an atomic weight 2*01363± 0*00004 
relative to helium 4 00216, and 2*01416 relative 
to oxygen 16 (Bainbridge, Physical Rev. 1933, 
44, 57 ; Wilson, Proc. Roy. Soc. 1936, A, 
154, 560). It is present in ordinary electrolytic 
hydrogen to the extent of 1 part in 30,000± 
20% (Bleakney, Physical Rev. 1932, 41, 32 ; 
Bleakney and Gould, ibid. 1933, 44, 265 ; see 
also Bradley and Urey, ibid. 1932, 40, 889 ; 
Unsold, Natunviss. 1932, 20, 936 ; Stem and 
Volmer, Ann. Physik, 1919, 59, 225 ; Tate and 
Smith, Physical Rev. 1933, 43, 672 ; Hardy, 
Barker, and Dennison, ibid. 1932, 42, 279). 

History.—The first indication of the exist¬ 
ence of heavy hydrogen was given by atomic 
weight values. Aston, using the mass-spectro¬ 
graph, obtained the value 1*00778± 0 00015 
for the mass of the hydrogen atom relative to 
0 = 16*000. This is in agreement with the value 
H=1*00780 obtained by chemical methods by 
Scott, Morley, Noyes, and Burt and Edgar. 

After the discovery of the isotope and 
the abundance ratio : ^®0, Aston’s value 
calculated to the chemical standard is Hs« 
1*00756, BO that the chemical value for ordinary 
hydrogen is higher by about 1 part in 5,000 than 
the true value for hydrogen consisting wholly 
of ^H. 

Birge and Menzel (Physical Rev. 1931, 87, 
1669) suggested that this discrepancy was due 
to the presence in ordinary hydrogen of a small 
amoimt of a heavier isotope ^H; this fact has 
been established by subsequent workers. Urey, 
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Brickwedde and Murphy (Physical Rev. 1932, 
40, 1) set out to concentrate the heavier isotope 
by evaporation of liquid hydrogen and obtained 
a residual liquid the Balmer spectrum of which 
showed clearly a line in the position for an atom 
of mass 2 and an atomic number 1. Washburn 
and Urey (Proc. Nat. Acad. Sci. 1932, 18, 496), 
noted that there was a greater concentration of 
in the water from old electrolytic cells, and 
it is this discovery which has enabled the present 
extensive study of and its compounds to be 
made. Summaries of the earlier history of this 
matter are given in the following articles : 
Nature, 1933, 132, 536; Rutherford, ibid. 1933, 
132, 955 ; 1934, 133, 481. 

Much discussion has taken place with regard to 
the names to be given to ^ H, ^H, and possibly 
The discoverers suggested protiiim, deuterium, 
and tritium respe(;tively (Urey, Murphy and 
Brickwedde, J. Chem. Physics, 1933, 1, 512), 
and these names are generally used. Rutherford, 
however, suggested diplogen for and diplon 
for the nucleus and the symbol D for the new 
isotope. ISidgwick suj)ported this view (Proc. 
Roy. 8oc. 1934, 144A, 5). It is generally agreed 
that “ hydrogen ” should still be used for the 
mixture of all the isotopes and that, the symbol 
for shall bo D (.see Urey, Brickwedde, and 
Murphy, Nature, 1934, 133, 173). 

Occurrence.—Every source of water so far 
examined shows the presem^e of heavy hydrogen, 
but it is difficult to secure an accurate measure¬ 
ment of the amount })resent. ’’J'o reconcile the 
mass spectrograph atomic weight with the 
chemical value, hydrogen should contain about 
1 part of in 4,500. Spectroscopic estimates 
are much lower, but were suspect owing to the 
marked tendency of H to be adsorbed in the 
discharge tube (Lewis and Spedding, Physical 
Rev. 1933, 43, 964). Later estimates baaed on 
mass 8pectrograj)hic measurements which are 
probably more reliable put the normal abundance 
ratio at about 1 in 5,000 in rainwater 

(Bleakney, Gould, ibid. 1933, 44, 265); for the 
method see Bleakney {ibid. 1932, 40, 496; 
also Hardy, Barker and Dennison, ibid. 1932, 
42, 279; Tate and Smith, ibid, 1933, 43, 672). 

Perhaps the greatest obstacle to obtaining a 
true value of the abundance ratio is due to the 
large mass ratio (2:1) of the two hydrogen 
isotopes which, unlike other isotopes, gives rise 
to sufficient differences in physical and chemical 
properties as to facilitate partial separation 
during any process to which ordinary water 
may be subjected, e.g. distillation, electrolysis, 
etc. {see Washburn and Smith, J. Chem. Physics, 
1933, 1, 426; Edwards, Bell and Wolfenden, 
Nature, 1936, 135, 793; Rakshit, J. Physical 
Chem. 1936, 39, 303; Dole and Wiener, Science, 
1936, 81, 46; Christiansen, Crabtree and Laby, 
Nature, 1936, 136, 870). 

Hydrogen occurs for the most part in combina¬ 
tion with oxygen as water, and precise deter¬ 
minations of the density of water from various 
sources have disclosed interesting variations. 
Water, prepared by the usual methods for 
conductivity experiments and in addition 
purified by established methods for density 
determinations, varied in density over a range 
of 6‘4yd (one-millionth of the ordinary unit is 
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called a gamma of density, O-OOOOOld—1yd), 
and so is unsuitable as a standard. London 
Thames water was found to be constant in 
density and this value agreed with that of surface 
waters from places so far apart as South Wales, 
Sumatra, and the U.S.A. Waters from^the Dead 
Sea (3-Oyd) and from a Tibetan lake at 13,500 
ft. (l-5yd) are heavy, presumably owing to 
isotopic concentration by evaporation (Briscoe 
and others, J.C.S. 1934, 1207; 1937, 1492). 

The concentration of heavy water in liigh 
altitude ice from Alpine glaciers frequently 
showed an increase, in some instances of as 
much as 50 to 100 (Baroni and Fink, Monatsh. 
1936, 65, 386 ; 1936, 67, 193 ; 1937, 71, 128 ; 
see also Eucken and Schafer, Nachr. Ges. Wiss. 
Gottingen, Math. phys. Kl, 111, 1935, 1, 137; 
Riesenfeld and Chang, Ber. 1936, 69, [B], 1305). 
Variations in the density of rain and snow 
water from various districts have been observed 
by Harada and Titani, Bull. Chem. Soc. Japan, 
1935, 10, 206, 263 ; Brodski, Skarre, Donzova 
and Slutzkaja, J. Physical Chem. Russ. 1937, 10, 
731. The water obtained by the combustion of 
cellulose and a number of other carbohydrates 
shows an enhanced concentration C)f deuterium 
(Harada and Titani, Bull. Chem. 8oc. Japan, 
1935, 10, 205, 261, 465; Dole, J. Amer. Chem. 
Soc. 1936, 58. 580). 

The general conclusion from observations on 
the enrichment of deuterium oxide in waters ob¬ 
tained from natural sources is that such enrich¬ 
ment is comparatively small and is attributable 
to the operation of physical processes, e.g. 
preferential evaporation, freezing or ditfusion. 

Separation of the Isotopes. —(a) Electro- 
lytic Concentration of Deuterium Oxide. —The 
production of large amounts of pure deuterium 
oxide is important from the research worker’s 
point of view', and its possible technical applica¬ 
tions have still to be explored. The most 
suitable process appears to be the electrolytic 
enrichment of ordinary water, and much work 
has been done in this direction in a relatively 
short time. Washburn and Urey (Proc. Nat, 
Acad. Sci. 1932, 18, 496) showed that when 
dilute sulphuric acid is electrolysed using 
platinum electrodes a residual water having an 
increase in density of 164yd was obtained 
after 98% of the water was decomposed. 
Further work was done by Lewis and MacDonald 
(J. Chem. Phys. 1933, 1, 288, 341, 481) ; 
Washburn, Smith and Fransden (Bur. Stand. 
J. Res. 1933, 2, 463 ; J. Chem. Phys. 1933, 1, 
288) ; Harkins and Doede (J. Amer. Chem. 
8 oc. 1933, 55, 4330) ; Harteck (Proc. Physical 
Soc.* 1934, 46, 277 ; Proc. Roy. Soc. 1934, 
144A, 1) ; Newell and Ficklen (J. Amer. Chem. 
Soc. 1933, 56, 2167) ; Anderson, Holford and 
Bates (J. Chem. Phys. 1934, 2, 342). Taylor, 
Eyring and Frost {ibid. 1933, 1, 823), obtained 
82 c.c. of 99% DjO from 610 gallons of electro¬ 
lytic liquor. This method with slight variations 
is the one generally employed in industry. 
0*6JV-8odium hydroxide is electrolysed between 
nickel or iron electrodes, the electrolyte being 
kept below 20'^C. The process is carried 
out in about seven stages. In the first stage 
electrolysis proceeds until the volume is reduced 
to about 1/10, when the electrolyte has become 
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concentrated in alkali and the process is 
stopped. About 9/10 of the electrolyte is 
treated with COg, distilled to dryness and the 
distillate added to the remaining 1/10 of the 
electrolyte, thus regaining approximately the 
original alkali concentration. This process of 
electrolysis and removal of alkali is repeated 
until the water has reached the desired degree of 
heaviness. Taylor, Eyring and Frost’s results 
(i.c.) are given in the following table : 


Water obtained from 

Density 

% Hydrogen 

electrolysis No. 


which is heavy. 

I 

0*998 

.— 

II 

0*999 

0*5 

III 

1*001 

2*6 

IV 

1*007 

8 

V 

1*031 

30 

VI 

1*098 

93 

VII 

M04 

99 


A detailed account of a method using 
sulphuric acid and lead electrodes is described by 
Tronstad and Brun (Z. Elektrochem. 1934, 40, 
556). The efficiency of the concentration is 
remarkably insensitive to the conditions of 
electrolysis, and, although the separation factor 
has been the subject of extensive work, nothing 
sufficiently definite to have real significance has 
so far been forthcoming. Under apparently 
identical conditions different results have been 
obtained (c/. Tronstad and Brun, l.c. ; see also 
Collie, Nature, 1934,132, 568 ; BeU and Wolfcn- 
den, ibid. 1934, 133, 25 ; Proc. Boy. Soc. 
1934, 144A, 22 ; J.C.S. 1936, 286 ; Fowler, 
Proc. Boy. Soc. 1934, 143A, 452 ; Erlennieyer 
and Gartner, Uclv, Chiin. Acta, 1934, 17, 30, 
1226 ; 1935, 18, 419 ; Harteck, Proc. Boy. 
Soc. 1934, 144A, 1 ; Oliphant, Nature, 1933, 
132, 675 ; Butler, Z. Elektrochem. 1938, 44, 55; 
Eucken and Bratzler, Z. Physikal. Chem. 1935A, 
174, 273 ; Appleby and Ogden, J.C.S. 1936, 
163 ; Brown and Daggett, J. Chem. Physics, 

1936, 3, 216 ; A. and L. Farkas, ibid, 1934, 2, 
468 ; Urey, Science, 1933, 78, 566 ; Eyring, 
Proc. Nat. Acad. Sci. 1933, 19, 78 ; Eyring and 
others, J. Chem. Physics, 1933, 1, 345 ; J. 
Amer. Chem. Soc. 1933, 55, 6058 ; J. Chem. 
Physics, 1934, 2, 217 ; Nature, 1934, 133, 
291 ; Wolfenden and others, J.C.S. 1936, 286 ; 

1937, 1677 ; Trans. Faraday Soc. 1938, 34, 
436). 

(b) Other Methods of Separation of Deuterium. 
—Deuterium in ordinary hydrogen was first con¬ 
centrated by utilising the difference in vapour 
pressure of the liquids. Brickwedde and 
Murphy (Physical Bev. 1932, 39, 164, 864 ; 40, 
464) used this method and found that the 
relative abundance of deuterium in the last 
fraction was increased five or six times com¬ 
pared with the original gas. Keesom, van 
Dijk and Haantjes (J. Proc. Acad. Sci. Amster¬ 
dam, 1933, 86, 248) used a specially designed 
rectifying column and obtained a sample 
containing 1*6% Dg. Taylor, Gould and 
Bleakney (Physical Bev. 1933, 43, 496) record a 
small separation of isotopes by fractional 
desorption from charcoal. See also Washburn 
and Smith (J. Chem. Physics, 1933, 1, 426), 
Lawson (Trans. Faraday Soc. 1936, 82, 473); 
King and Itawson (ibid. 1936, 82, 1). 


Hertz using his historic apparatus devised 
for the separation of neon isotopes, prepared 
pure deuterium by a fractional diffusion method, 
(Naturwiss. 1933, 21, 884 ; see also MacGillavry, 
Bee. trav. chim. 1937, 56, 330). See Diffusion, 
this vol., p. 605). 

The diffusion of deuterium through palladium 
was investigated by A. and L. Farkas (Proc. 
Roy. Soc. 1934,144A, 467 ; Nature, 1933, 182, 
894) ; cf. Harris, Jost and Pearse (Proc. Nat. 
Acad. Sci. 1933, 19, 991). Fractionation by 
diffusion through other metals was examined by 
Fink, Urey and Lake (J. Chem. Physics, 1934,2, 
106) ; Jost and Widmann (Z. physikal. Chem. 
1935, fB], 29, 247) ; Luhr and Harris (Physical 
Rev. 1934, [ii], 45, 843); Sieverts and Zapf 
(Z. physikal. Chem. 1935, 174, 559). 

The fractional distillation of water has been 
attempted by Washburn and Smith (J. Chem. 
Physics, 1933, 1, 426) ; Lewis and Cornish 
(J. Amer. Chem. Soc. 1933, 55, 2616) ; Hall and 
Jones {ibid. 1934, 56, 749) ; Erlcnmcyer and 
Gartner (Helv. Chim. Acta, 1934, 17, 970, 
1008); Jaulmes (Chim. Ind. 1936, 83, 1045); 
Stedman (Canad. J. Res. 1935, 13B, 114) ; 
Hall and Jones (J. Amer. Chem. Soc. 1934, 56, 
749). Chemical methods were tried by Davis 
and Johnston (J. Amer. Chem. Soc. 1934, 56, 

492) ; Highes, Ingold and Wilson (J.C.S. 1934, 

493) . 

The rapid conversion of deuterium oxide into 
deuterium by passing DgO vapour over 
magnesium at 480°, giving a 95% yield, is 
described by Knowlton and Rossini (J. Res. 
Nat. Bur. Stand. 1937, 19, 605). 

Physical Properties of Deuterium.— 
Deuterium and its com])ounds differ in their 
physical and chemical properties from hydrogen 
and although, for the most part, these differences 
are small they are very definite. 

The table at the head of the next page has 
been taken from the Z. Elektrochem. 1938, 44, 22. 

For other thermal properties, see Clusius and 
others (Nachr. Ges. Wiss. Gottingen. Math-phys. 
Kl., 1934, [ii], 1 ; Z. physikal. Chem. 1935, [B], 

30, 258 ; Physikal. Z. 1934, 85, 969 ; Natur¬ 

wiss. 1934, 22, 526 ; Z. Elektrochem. 1935, 41, 
487 ; 1938, 44, 21) ; Beutler (Z. Physikal. 

Chem. 1934, [Bj, 27, 287) ; Scott, Brickwedde, 
Urey and Wahl (J. Chem. Physics, 1934, 2, 
464) ; Cleave and Maass (Canadian J. Res. 
1935, 12, 67, 372) ; Bijl (Nature, 1936, 138, 
723) ; Nothdurft (Ann. Physik. 1937, (v), 28, 
157) ; Megaw and Simon (Nature, 1936, 188, 
244) ; Archer {ibid. 138, 286) ; Grew and 
Atkins (Proc. Phys. Soc. 1926, 48, 415) ; 
Coppock (Trans. Faraday Soc. 1935, 81, 913). 

The normal potential of deuterium is given as 
44 mv. by Abel and Bedlich (Z. Elektrochem. 
1938, 44, 204). The overpotential at a mercury 
electrode in ordinary and heavy water has been 
investigated by Heyrovsky (Chem. Listy, 1937, 

31, 440) ; see also Bowden and Kenyon (Nature, 
1935, 185, 105). 

The refractive index, n, for D2 at A 5462 is 
1’0001378 assuming n for Hg to be 1*00013966 
(Orr, Trans, Faraday Soc. 1936, 82, 1566) ; 
see also Lars6n (Z. Physik. 1936, 100, 543). 

Amdur (J. Amer. Chem. Soc. 1936, 57, 688) 
found the viscosity of deuterium to be 1*414 
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HD 

Ha 

Heat of vaporisation at 194*5 mm. Hg 

302-3 cal. 

263 cal. 

219-7 cal. 

Heat of sublimation at O^Abs. 

274-0 cal. 

' —-228 cal. 

183*4 cal. 

Heat of fusion. 

47-0 cal. 

37 cal. 

28-0 cal. 

^-value for Cp (Dobye). 

89° 

— 

91° 

0-value for Cv (Debye). 

97° 

— 

105° 

M.p. Abs. 

18-65° 

16-60° 

13*96° 

B.p. Abs. 

23-6° 

— 

20-38° 

Triple point pressure mm. Hg ... 

128-5 

95 

63-8 

Depression of m.p. curve at triple point . 

40-5 kg./cm.2 

— 

30-3 kg./cm.2 

Molecular vol. at triple point — liquid . 

23*14 cm.^ 

•— 

26-15 cm.® 

Molecular vol. at triple point—solid 

20-48 cm.^ 

— 

23-31 cm.® 

Zero point energy of the crystal 

-^215 cal. 

^260 cal. 

--^306 cal. 

Compressibility at 4*2°Abs. 

(3-3db0-7)10-4 

— 

(5*0±)10-" 

Coefficient of expansion at triple point 

0-08 


0*12 


times that of hydro^^cn. Keyes has calculated 
7 ) for hydrogen by the method of least squares 
and finds c.g.s. units at 30°, therefore 

for D 2‘>7 = V2X91-6 - -129-5 c.g.s. units. 

Torrcy (Physical Kev. 1935, [iij, 47, 644), using 
Rankine’s method, gets -^l*410d:0*03. 

See also van Cleave and Maass (Canadian J. 
Res. 1935, 13, B, 384). 

Vapour pressure of HD and Dg was measured 
by Brickwedde and others (Physical Rev. 1934, 
[ii], 45, 565 ; 1935, [ii], 48, 483) ; Steiner (Z. 
Physik, 1932, 79, 601) ; A. and L. Farkas and 
Hartcck (Physikal. Z. 1936, 37, 447); Bartholom^ 
and Eucken (Z. Elektrocliera, 1936, 42, 547) ; 
the following table is taken from Z. Elektrochem. 
1938, 44, 23. 

V.r. in Him. Hg. 

-_ _ 


T° Abs. Hg D.g 

15 96-6 12*6 

16 155*4 25*9 

17 237-7 49*4 

18 348*7 88*2 

19 493-7 146-3 

20 678*3 221*0 


For the adsorption of hydrogen isotopes on 
carbon, copper, lead, nickel and other surfaces, 
see Barror (Trans. Faraday Soc. 1936, 32, 481) ; 
Beebe and others (J. Amer. Chem. Soc. 1935, 57, 
2527) ; Maxted and Moon (J.C.S. 1936, 1542) ; 
Magnus and Sartori (Z. physikal. Chem, 1936, 
A, 175, 329) ; Lennard-Jones and others 
(Proc. Roy. Soc. 1935, A, 150, 442 ; 1936, A, 
156, 16) ; Pace and Taylor (J. Chem. Physics, 
1934, 2, 578) ; Klar (Naturwiss. 1934, 22, 822; 
Z. physikal. Chem. 1936, 174, 1) ; Kohlschuttor 
{ibid. 1934,170, 300) ; Melville and Rideal (Proc. 
Roy. Soo. 1935, A, 158, 77, 89) ; Hudson and 
Ogden (Nature, 1938, 142, 476). 

General Reactivity of Deuterium.— 
Deuterium differs from hydrogen in its chemical 
reactivity. These differences are sometimes 
considerable, as is shown by the velocity constant 
data given in Table A on p. 664. See Geib, 
Z. Electrochem. 1938, 44, 86, for bibliography 
and fuller details. 

Compounds of Deuterium.— ^The most 
completely studied compound of deuterium is 
the oxide, DjO. Its more important physical 
constants are given in Table B on p. 664. 


For the diamagnetism of DgO, see Gray and 
Cruickshank (Nature, 1935, 135, 268) ; Specchia 
and Dascola (Nuova Cim. 1935, 12, 606). 

For dissociation constants of deuterium oxide 
and of electrolytes dissolved in it, see Schwarzen- 
bach (Z. Elektrochem. 1938, 44, 46) ; reaction 
velocity, Reitz {ibid. 1938, 44, 72) ; thermal 
properties and dissolving power, Lange {ibid. 
1938, 44, 31). 

Reactions in Deuterium Oxide —The sub¬ 
stitution of deuterium oxide for water affects the 
reaction velocity in three principal ways: 

1. In the majority of instances so far investi¬ 
gated the effect of heavy water has been to reduce 
the rate of reaction in solution by as much as 
20%. The velocity of a reaction depends to a far- 
reaching extent on the solvent used, even when 
this takes no active part in the reaction. That 
there is comiection between such physical 
properties as viscosity, dielectric constant, etc., 
of the solvent and its influence on the course of 
a reaction is evident although it has not been 
possible, so far, to decide as to the quantitative 
effect of any particular factor. 

2. The interchange between hydrogen atoms 
of the reactant and deuterium atoms in the 
water is a further cause of change in reaction 
velocity. In aqueous solution this interchange 
is in many instances instantaneous and complete 
{e.g. NHj-bDjO^NDg-fHaO), with the result 
that there is a change in the nature of the 
reacting substances. In other cases interchange 
takes place in varying extents and rates depend¬ 
ing on the experimental conditions, as is notably 
the case with hydrogen linked to carbon. In 
general the ultimate effect is a slowing down of 
the reaction velocity. 

3. The third effect is produced when deuterium 
oxide itself takes part in the reaction either as 
DgO molecules or in the form of D or OD ions. 
In this instance the reaction is by no means 
always retarded ; for the most part an accelera¬ 
tion is observed. This is notably the case in 
acid catalysis and frequently with bases. For a 
detailed account of reaction velocities in 
deuterium oxide and bibliography, see Reitz, 
(Z. Elektrochem. 1938, 44, 72). 

Electrolytic dissociation is in general less in 
DjO than in H-O. Typical values are given in 
Table B, p. 664, but for theoretical treatment 
of the results obtained together with references 
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TABLE A. 







Difference in kg.-cal. 

Reactions compared. 

Temp. ®C. 

Vel. const., kilk^. 

Active 

energy, 

Qi~Q 2» 

Zero point 
energy, 
Ei'-Lg. 

b+D+(M) . 

20 

1-4 

0 

0 

H-f- H 2 

D+D, . 

630-710 

1-85 (mean) 

0*52 

1*8 

D+H2O 

. 

f 1 

1 (wall reaction) ? / 

^1-7 

--0*75 

3*6 

D+NHj 

H-fNDg . 

260-400 

3*2-2 

1*5 

5*6 

D+PH, 

H+PD3 . 

420-620 

104 

0*6 

4*3 

H+HCI 

D+DCI 

i j 

— 

0*6 

1*2 

Na+CIH 

Na+Clb . 

238 

1*33 

0*35 

1*2 

CI4-H2 

ci+Hb 

30 

3*3 

0*6 

0*8 

CI+HH 

CI+DD . 

0 and 30 

13*4 and 9*75 

1*2 

1 1*8 

Br-f HH 

Br+bD . 

275-380 

5*5-4*4 

1*5 

1*8 

*2+*^2 

2 HI 

2 b 1. 

425-500 

430 

2*45-2*1 

1*53 

0*75 

0*6 

1*8 

2*093 

CaH.+ Hg 

C2H44- Dg 

530-570 

i 

2*5 

0*95 

1*8 


* M l8 the third body neccBsary for the occurrence of such a reaction in the gas phase. 


TABLE B. 



HgO 

DgO 

Crystalline structure. 

a=4*525 A 
c==7*39 

a=4*505 A 
c=7*36 

Density, . 

0*99705 

1*1048 

Relative molecular vols. at 20°. 

1*0037 

1 

M.p. 

0 °C. 

3*8°C. 

B.p. 

lOO'C. 

101*42°C. 

Temperature of max. density. 

4°C. 

11 *6°C. 

Heat of sublimation (triple point). 

12170 cal./mol. 

12631 cal./mol. 

Heat of fusion. 

1435 cal./mol. 

1523 cal./mol. 

Dielectric const. 0°C. 

81*5 

80*7 

Mol. magnetic susceptibility 20°. 

1296X106 

12*97xl0« 

Surface tension 12°C. 

73*7 dynes/cm. 

73*8 dynes/cm. 

Viscosity 26°C. 

0*891 centipoises 

1*0992 centipoises 

Refractive index, . 

1*33300 

1*32844 


Ionic mobilities, T=18°C. 

Solvent 97% D,0.D+ 213-7 K+ 64-6 Cl- 56-3 

Solvent H,0 .H+ 316-2 K+ 64-2 Cl- 66-2 

Solubility 26°C. g./lOO g. solvent 

Solvent D,0. NaCI 306 BaCI, 289 (20°C.) 

Solvent H JO . NaCI 369 BaCI, 367 (20°C.) 

Electrolytic oissociation 
D.O Kd,O=0-16x 10-“ 

HDO [D-t-]=.o-nixio-’ 


KH.O=1-6x 10-i» 
[H+]=0-664x Ifr-’ 
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to the literature, see Schwarzenbach (Z. Elek- 
trochem. 1938, 44, 46). 

DiaBOcn. Cons t, in H 2 Q 
biasocn. Const, in D 2 O 
Subatanco. at 20® C. 

HSO;. 2 

HCOOH .2*50 

CH 3 COOH.2-87 

Hydroquinone .... 3-36 

Salts having water of crystallisation can have 
one or more of the molecules of water replaced by 
a corresponding number of molecules of DgO. 
Research, on the deuterates of CUSO4 has been 
carried out by Partington and Stratton (Nature, 
1936, 137, 1075) ; Mules and Menzies (J. Amer. 
Chem. Soc. 1938, 60, 87), and by Perperot and 
Schacherl (J. Phys. Radium, 1935, 6, 439). 
Taylor (J. Amer. Chem. Soc. 1934, 46, 2634) 
found the transition temperature of 
Na2SO4,10D2O to be 34-48°dr0*02'’ as against 
32*38°di0-00P for the corresponding hydrate. 
Bell (J.C.S. 1937, 459) measured the dissocia¬ 
tion pressure of a number of deuterates, e.ff. 
CuS 04,5D20 ; SrCla.eDgO, etc. Godchot, 
Cauquil and Calas (Compt. rend. 1936, 202, 759) 
obtained the deuterates of krypton and xenon 
with 6D2O. 

Other Inorganic Compounds of Deu¬ 
terium. —These can for the most part be 
prepared by several general methods slightly 
modified to suit individual oases. 

1. AcidSf by action of DgO on the acid an¬ 
hydride, e.g. D2SO4 (Ingold and others, J.C.S. 
1936, 916). 

2. Non-Metallic Deuierides^ from the elements 
with or without a suitable catalyst, e.g. DBr 
or by the action of DgO on a suitable salt, e.g. 
DgS from AI2S3+D2O ; NDg from MggNg-f 

DgO. 

3. Interchange reaction with or without a 
suitable catalyst (v. infra). 

4. Action of DgO on the metal yields deuter- 
oxides in the case of some metals, e.g. NaOD. 

For a detailed account of inorganic deuterium 
compounds and a bibliography, see Erlenmeyer 
(Z. Elektrochem. 1938, 44, 8). 

Some typical differences in the physical 
properties of corresponding deuterium and 
hydrogen compounds are shown in the following 
table : 


Com¬ 

M.p. 

absolute 

B.p. 

Latent heat 
of evapn. 

Critical 

pound. 

absolute 

cal./mol. 

temp. 

HCI 

162-2 

188-1 

4081 

51-0 

DCI 

158-2 

191-6 

4151 

50-3 

HBr 

186-2 

206-3 

4257 

89-9 

DBr 

185-7 

206-3 

4258 

88-8 

HI 

222-3 

237-5 

4724? 

150-7 

D1 

221-5 

237-0 

4713? 

148-6 

NHa 

195-3 

239-8 

6797 

132-6 

DHa 

199-6 

242-1 

5990 

132-3 

HCN 

259 

298-6 

6600 

_ 

DCN 

261 

299-1 

6500 

— 


Organic Compounds of Deuterium. —The 
preparation of organic compounds of deuterium 
may be carried out by a large variety of pre¬ 


parative methods, many of which are exactly 
parallel to the general methods of preparation 
of the corresponding hydrogen derivatives. 

Examples of these are : 

1. Treatment of carbides with DgO. 

2 . Catalytic deuterisation. 

3. Grignard reactions. 

4. Addition of Dg under suitable conditions. 

5. Exchange reactions. 

The following are examples illustrative of some 
of these methods : 

Tetrade literomethane^ CD^, is prepared by the 
reaction of DgO with aluminium carbide (Urey 
and Price, J. Chem. Physics, 1934, 2, 300). 

Mono deutero-tetramethylmethane, 

(CH3)3CCH2D, 

was prepared from DgO and the Grignard 
compound of l-chlor-2:2-dimethylpropane, 
(Whitemore, Fleming, Rank, Bordner and 
Lars6n, J. Amer. Chem. Soc. 1934, 56, 749, 
934). For a comprehensive bibliography up to 
January, 1938, see Erlenmeyer (Z. Elektrochem. 
1938, 44, 9). 

Differences in melting-point and boiling-point 
of corresponding deutero- and hydrogen organic 
compounds are shown in the following table : 


Substance. M.p. B.p. 

‘C. 

CeHg 5-5 801 

CeDg 6*8 79-4 

CioHg 80-2 

CioDe 77-5 

CHg-CHO -123-5 20-2 (760) 

CDg-CDO -121-7 20-5 (756) 

(CH3-CH0)3 10-5 124(760) 

(CD3-CD0)3 13-7 124(753) 


CHg-COOH 16-6 

CH3-COOD 15-4 

CDg-COOH 17-2 

CD3COOD 15-9 

CH4 -90-6 

CD4 -89-2 

Interchange Reactions. —These may be 
divided into two classes, homogeneous and 
heterogeneous. 

Homogeneous Reactions. —A number of sub¬ 
stances containing hydrogen exchange one or 
more of their hydrogen atoms for deuterium 
when dissolved in DgO. Certain of these are 
obviously ionic reactions and, as such, occur very 
rapidly, e.g. on dissolving sodium hydroxide 
in deuterium oxide interchange occurs instan¬ 
taneously according to the equation : 

NaOH+D3iO;^NaOD-hHDO 

This exchange can be followed quantitatively by 
recovering the diluted DgO subsequently and 
determining its density. In a mixture of HgO 
and DgO the available deuterium distributes 
itself between solvent and solute in proportion 
to the molecular quantities of each present. 
For the most part the exchange reactions of 
deuterium occur very rapidly, in other cases the 
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exchange takes place with measurable velocity, 
and an analysis of the kinetics of such reactions 
shows that the ionic reaction of hj’^drogen inter¬ 
change itself must be preceded by some inter¬ 
mediate reaction the velocity of which deter¬ 
mines the rate of the whole reaction. Amongst 
slow inorganic interchange reactions the exchange 
of hydrogen in complex salts should be noted. 
Hexamminecobaltic chloride, for instance, inter¬ 
changes its hydrogen for deuterium and it has 
been found that the reaction velocity is inversely 
proportional to the hydrogen ion concentration. 
This discovery is of importance in stiidying the 
theory of complex salts (see Erlenraeyer and 
Gkrtner, Helv. Chim. Acta, 1934, 17, 1008 ; 
Bankowski, Monatsh. 1935, 65, 266 ; James, 
Anderson and Briscoe, Nature, 1937, 139, 109 ; 
Anderson, Spoor and Briscoe, ibid. 1937, 139, 
608 ; Garrick, ibid. 1937,139, 607). 

Bonhoeffer and Brown (Z. physikal. Chem. 
1933, B, 23, 172) were the first to discover the 
interchange phenomenon. They found that 
NH4CI dissolved in DgO exchanged all its j 
hydrogen atoms, and this reaction has been 
utilised to obtain water free from deuterium. 
It has been found that hydrogen which is linked 
to oxygen, nitrogen, sulphur or halogen readily 
interchanges with deuterium. Since then it has 
been determined that many other substances, 
e.g. glycol, hydrogen peroxide, acetoacetic ester, 
phenols, etc., exchange one or more hydrogen 
atoms more or less readily according to the 
conditions of experiment. For bibliography, see 
Ingold and Wilson (Z. Elektrochem. 1938, 44, 
70). 

A limited number of interchange reactions 
occur with deuterium atoms in the gaseous 
phase. The source of such atoms may be the 
electric discharge, photochemical excitation by 
means of mercury resonance radiation, or ther¬ 
mal dissociation of heavy water molecules with 
formation of atomic deuterium (Geib and 
Steacie, Z. physikal. Chem. 1936, B, 29, 215 ; 
Steacie and Phillips, J. Chem. Physics, 1936, 4, 
461 ; Trenner, Taylor and others, ibid. 1937, 
B, 6, 28, 203, 212 ; Farkas and others. Nature, 

1933, 182, 892 ; J.C.S. 1936, 26 ; Proc. Roy. 
Soo. 1936, 167, A, 626). 

Heterogeneous IntercJiange. —Interchange of 
hydrogen isotopes between simple molecules is 
catalysed by the common hydrogenation 
catalysts such as platinum, palladium, nickel, 
iron, etc. (Farkas, and Farkas and others, Trans. 
Faraday Soc. 1936, 81, 821 ; 1936, 32, 416, 922 ; 
J. Amer. Chem. Soc. 1938, 60, 22 ; Taylor and 
others, ibid. 1935, 57, 660, 1266 ; 1936, 58, 
1446 ; 1938, 60, 362 ; Hirota and Horiuti, Sci. 
Papers Inst. Phys. Chem. Res. Tokyo, 1936, 
SO, 161 ; Horiuti and Polanyi, Trans. Faraday 
Soo, 1934, 80, 1164 ; see also Ingold and 
Wilson, Z. Elektrochem. 1938, 44, 62). 

Biological Applications. — The use of 
deuterium as an in^cator in the study of inter¬ 
mediary metabolism has produced much useful 
information, von Hevesy and Hofer (Nature, 

1934, 184, 879) used deuterium oxide to follow 
the elimination of water from the human body. 
Erlenmeyer and Gkrtner {ibid. 1006) examined its 
distribution in rats. Breusch and Hofer (Berlin, 
klin. Woch. 1934, 18, 1816) found that no 


fractionation of HgO and Dfi in the organism 
could be detected in normal cases. Woglom and 
Weber (J. Amer. Chem. Soc. 1934, 104, 1289) 
showed that DgO has no effect on mouse sar¬ 
coma. Deuterium has been used as an indicator 
in fat and other metabolism (Cavanagh and 
Raper, Nature, 1936, 137, 233 ; Rittonberg and 
others, J. Biol. Chem. 1936, 114, 381 ; 115, 636; 
1937, 117, 485). 

The incorporation of deuterium in the hving 
organism is the subject of a research by Bon¬ 
hoeffer and others (Z. physikal. Chem. 1936, 175, 
459 ; 176, 202 ; 1937, 180, 186). 

The effect of exchange of deuterium for 
hydrogen in experiments involving enzymes 
aiid moulds is to produce a greater or less 
reduction in activity. Pollen germinates more 
slowly in DgO than in ordinary water (Plantefol 
and Champetier, Conipt. rend. 1936, 200, 423). 
Yeast is less active in presence of deuterium 
oxid('. (Taylor and Harvey, Proc. Soc. Exp. Biol. 
Med. 1934, 81, 954 ; cp. Hughes, Yudkin, Kemp 
and Rideal, J.C.S. 1934, 1105 ; Steacie, Z. 
physikal. Chem. 1934, B, 27, 6 ; Bonhoeffer and 
Saizer, Naturwiss. 1935, 23, 867 ; Shoiip and 
Meyer, J. Tennessee Acad. Sci. 1935, 10, 127 ; 
Saizer and Bonhoeffer, Z. physikal. Chem. 1936. 
175, 304 ; von Duj)gern, Z. Biol. 1936, 97, 
187). 

A summary of researches in physiological 
chemistry using deuterium compounds is given 
by Bonhoeffer (Z. Elektrochem. 1938, 44, 87) 
and Theis (Woch. Bran. 1938, 55, 36). 

Spectroscopic Data.—The wave-lengths of 
chief lines in the Balnier scries of deuterium are 
given below, the bracketed data being values 
for the corresponding Ha, Hfl, Hy, and H5 fines. 
Da 6561-00 (6562-793) ; Dfl, 4860-00 (4801-326); 
Dy, 4339-282 (4340-467), and 0$ 4100-619 
(4101-738). The differences between deuterium 
and hydrogen in the Balmer series are in agree¬ 
ment with the calculations of the isotope effect 
based on the Rydberg formula. 

The molecular spectra of H D and Dg have been 
studied and the differences between these 
molecules and hydrogen accord with calculations 
based on the theory of the isotope effect. The 
spectra of the numerous other diatomic molecules 
have also been examined {e.g. LID, NaD, AgD, 
CaD, AID, etc.). For data, see “Tables Annuelles 
de Constantes et Donnies Num6riques. I 
Deuterium et Composes de Deuterium,” by 
G. Champetier (Hermann & Cie, Paris), 1937. 

The general oft’ect of substitution of deuterium 
for hydrogen is to change the features of the 
spectrum dependent on the moment of inertia of 
the molecule. The interatomic distance is not 
altered by substitution of D for H. The change 
in the moment of inertia may have profound 
effect on the general appearance of the spectrum. 
Thus the ultra-violet absorption spectra of the 
molecules ND3 and NHg or of CHj-NDgand 
CHg-NHg are quite distinct, as are the infra¬ 
red spectra of molecules such as DCI and HCI 
or DgO and HgO. These distinctions have also 
been observed in the Raman spectra of a large 
number of substances, C-HuD and C-Hg or 
CH3-COOD, CHg-COgH and CDa-CO^D. 
For comprehensive data, see Champetier, op cU,). 
The table below illustrates typical changes in 
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the fundamental 

frequencies of molecules 

brought about by substitution of D for H. 


Fundamental 

Molecule. 

frequencies, cm.""^ 

HgS . 

. . . . 2578 

DjjS . 

. . . . 1876 

H3AS. 

. . . . 2094 


990 


910 

D3A8. 

. . . . 1608 


730 


630 


In the case of more complex molecules {e.g. 
with CgHg or CHg-COOH) partial sub¬ 
stitution of hydrogen by deuterium has been used 
as a means of assigning observed vibrational 
frequencies to the appropriate molecular 
vibration. 

Estimation of Deuterium. —A number of 
methods are in use for the estimation of D, 
some of which can be applied only to water and 
others only to gaseous hydrogen. 

Spectroscopic and Mass SpectrographicMethods. 
—These methods are qualitative as well as 
quantitative. The first quantitative estimation 
of deuterium was carried out spectroscopically 
by Urey, Brickwedde and Murphy (Physical 
Rev. 1932, 39, 164, 864). The method was 
based on the different w^avc-lcngths of the 
corresponding lines in the atomic spectra of the 
hydrogen isotopes and was carried out by 
comparison of the intensities of the jS and y 
lines of the Balmer spectrum. Bloakney {ihid. 
1932, 40, 496 ; 41, 32 ; 1933, 44, 265 ; 1934, 45, 
281, 655) devised a very accurate method using 
the mass spectrograph and which required only 
small quantities of gas. 

A thermo-conduotivity-micro method was 
employed by Farkas for wliich 2-3 cu. mm. 
of gas were required. The D content, however, 
must not bo less than 1%. It has an accuracy 
of ±0*1% {see Farkas, Proc. Roy. Soc. 1934, 
144, A, 467; Trans. Faraday Soc. 1936, 32, 413; 
Farkas, Farkas and Rideal, Nature, 1936, 137, 
315 ; see also Harteok, Z. Elektrochem. 1938, 
44, 3). 

The most widely used method of estimating 
deuterium is that depending on the direct 
determination of the density of water containing 
deuterium either by the pylmometer or by means 
of the float, each of which is capable of an 
accuracy of 1 in 10~®. This method is applicable 
to the determination of Dg in aU compounds 
which can be oxidised to give water. For details 
of the pyknometric method, see Washburn and 
others (J. Res. Bur. Stand. 1933, 11, 453 ; 
1934, 12, 305). For the float method, see Lewis 
and MacDonald (J. Chem. Phys. 1933, 1, 341); 
Emel6u8, James, King, Pearson, Purcell and 
Briscoe (J.C.S. 1934, 1207 ; 1935, 1545). 

Bibliography. —^A. Farkas, “ Orthohydrogen, 
Parahydrogen, and Heavy Hydrogen,” Univer¬ 
sity Press, Cambridge, 1935 ; G. Champetier, 
“ Tables Annuelles de Constantes et Donnies 
Num^riques. I. Deuterium et Composes de 
Deuterium,” Paris, 1937. 

M, C. 

DEVARDA’S ALLOY. A brittle alloy 
containing 46% of aluminium, 60% of copper, and 


5% of zinc. Devarda’s alloy reduces nitrates to 
ammonia quantitatively in alkaline solution, the 
ammonia being then distilled into standard acid 
solution (Devarda, Chem.-Ztg. 1892, 16, 1962; 
Z. anal. Chem. 1894, 33, 113; Busvold, Chem.* 
Ztg. 1914, 38, 799) (v. Chemical Analysis, 
Vol. II, pp. 598, 664). 

DEXTRAN, CflHioOs, or viscose, is a gum 
which occurs in the unripe sugar beet (Scheibler, 
Wag. J. 1875, 790). It is formed in the lactic 
fermentation of cane sugar by the action of 
Streptococcus (Leuconostoc) mesenteroides, (van 
Tieghem, Jahrosber. Agric. Chem. 1879, 644 ; 
B6champ, Compt. rend. 1881, 93, 78; Pruning, 
Annalen, 1857, 104, 197). S. horvensis isolate 
from curdled milk, some w’ater samples and 
flowers also converts media containing up to 
20% sucrose into dextran (Boekhout, Centr. 
Bakt. 1900, [ii], 6, 161). 

An animal dextran, CgHjQOj, is found in the 
galls produced on elms by the louse {Schizort^ura 
lanuginosa) (Licbormann, Pfliiger’s Archiv. 40, 
454). 

DEXTRINS, n(CgHio06). When diastase 
acts on starch paste, maltose is the principal 
product, but various dextrins are also formed, 
their nature depending on the nature of the 
enzyme and the conditions of action. The 
precise nature of these products of the degrada¬ 
tion of starch still remains obscure and it is not 
easy to make a satisfactory review of the subject 
at the present time. Recent work, however, 
points strongly in the direction of the dextrins 
being side products or by-jrroducts of the action 
of enzymes on starch rather than, as previously 
believed, intermediate products formed on the 
way to maltose. The dextrins differ according 
to the conditions {p^, temperature, concentra¬ 
tion) and the nature of the enzyme used. Some 
(like a-amylodextrin) appear to be fragments 
of the original starch molecule left unattaoked 
by the enzyme preparation. Others appear to 
bo formed owing to reversion or retrogradation 
occurring (stable dextrins). 

According to their behaviour towards iodine 
they have been classed into 

Amylodextrins, giving a blue colour and 
soluble in 25% alcohol. 

Erythrodoxtrins, giving a reddish-brown 
colour and soluble in 55% alcohol. 

Achroodextrins, showing no colour and soluble 
in 70% alcohol. 

In the following a summary is given of the 
more definite dextrins which have significance in 
regard to the structure of starch and the mode 
of action of the two amylases (the a- and 
amylases of recent workers). 

Unfortunately Syniewski, whoso work per¬ 
haps forms one of the best contributions to the 
subject, has used a different and special nomen¬ 
clature. Especially interesting in Syniewski’s 
work is the proof that ungerminated barley is 
actually richer in diastase (his a-diastase) than 
the malt made from it. This diastase, however, 
is present in a form which is insoluble in water 
and is only brought out by digestion with a 

^ An account of starch-iodine coloration as an index 
of differential de^dation by the amylases has been 
given by 0. S. Hanes and M. Cattle. Proc. Roy. 
Soc. 1938, B. 126, 887-414. 
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protease —papayotin ; during germination the 
barley amylase is apparently released and partly 
converted into the second amylase (his jS-dias- 
tase). He shows how the two diastases augment 
each others’ activity, and works out a quantita¬ 
tive method for measuring this effect. 

The dextrine are characterised physically by 
their optical rotation and cupric reducing 
power. 

The early work of Browm, O’Sullivan, etc., 
gave the reducing values (K) in terms of glucose 
taken as 100. Later values were expressed in 
terms of maltose as 100 by the symbol R, or 
preferably Rm. 

In Germany and the U.S.A., the Wein method 
and tables (“ Tabellen zur quantitativen Bestim- 
mung der Zuckerarten,” 1888) are still used in 
estimating maltose in spite of the fact that 
British workers since 1897 have shovTi them to 
be incorrect to the extent of being 5% low for 
anhydrous maltose (Brown et al.^ J.C.S. 1897, 
71, 103-106 ; Ling and Baker, ibid. 609). 

Syniewski since 1925 has used corrected Wein 
values. 

I. The so-calleh Amylodextrins (prodfcing 

A PURE BLUE COLOUR WITH IODINE) (NoN- 

reducing). 

A. —The so-called “ amylodextrln or 
solubilised starch (Syniewski, Annalen, 1902, 
324, 212; 1925, 441, 277), is made from potato 
starch by heating with water in an autoclave 
(12 hours at 140°C.) until it is completely soluble. 

It has the composition 0216^3720186* 
was regarded by Syniewski as 12 maltose radicals 
combined with a dextrin-ring complex. 

B. —a-Amylodextrln, [ajo 190-195°, Rm-- 
()-56-2(J. L. Baker, J.C.S. 1902, 81, 1177), is 
prepared by the action of precipitated diastase 
from barley extract (i.e. the a-araylase of 
Syniewski, Biochem. Z. 1925, 158, 87) on Lint- 
ner’s soluble starch, or on starch paste, pre¬ 
ferably at 50° C. (The action on starch pasto is 
slower than that on soluble starch.) It is 
sparingly soluble in cold water, readily in hot 
water. Solutions give a pure blue colour with 
iodine. It is converted by precipitated malt 
diastase after 18 hours’ action into maltose, 
achroodextrin, and a considerable amount of 
glucose. 

C. Non-reducing Limit-dextrin I (Grenz- 

dextrin I), 194*92°, R =0*97 (Syniewski, 

Annalen, 1925, 441, 285; ho was unaware of 

J. L. Baker’s work). Prepared by the action of 
barley extract (i.e. the a-amylase of S3niewski, 
Biochem. Z. 1925, 158, 87) on his amylodextrin 
solutions (5*7%) at ordinary temperature in 
76 minutes; action then became very slow. 

The slight reducing power is regarded as duo 
to decomposition of the dextrin by hot Fehling’s 
solution. 

It gives a pure blue colour with iodine solution. 
Analysis indioated; 

^72^126^63 (C6^10^6)l2»^*^2O* 

It polymerises in cold aqueous solution to 
3 (0,2*^260 ea)*. and the molecular weight 
by the F.P. method gives 6,002 (Theory 6,997). 


It is converted by malt extract previously heated 
at 76°C. into 67*3% maltose and the reducing 
Limit-dextrin I ([a]p=180°). 

The a-amylodextrin of Baker or non-reducing 
Limit-dextrin I of Syniewski would be the a- 
staroh of Van Klinkenberg (Erg. Enzymforsch, 
1934, 3, 71) left unattacked by his j3-diastase. 

The above substances must be distinguished 
from Niigeli’s amylodextrin (1874), which is 
obtained by the very prolonged, action of acids on 
potato starch at the ordinary temperature. 
This, according to Brown and Morris (J.C.S. 
1889, 55, 449) is easily soluble in hot water, 
dissolves in cold water to form a 1*75% solution, 
and produces an intense-red coloration with 
iodine. It had [a] 3-86=206*3°, K3*86=9*07, 
and was completely converted into maltose by 
malt extract in 20 minutes, at temperatures up 
to 60°C. This dextrin was a strongly reducing 
substance. 

Lintner and Diill's “ aivylodcxtrin ” (Ber. 
1893, 26, 2533) or ‘‘ amorphous soluble starch ” 
had fa]i,^-196° and was non-reducing and 
apparently the same as Baker’s and Syniewski’s 
material. 

II. Reducing Dextrins— “ Limit-dex- 

TRINS ” (GrENZ-DEXTRIN). 

D. —Limit-dextrin I, 179-6°, Rm=17*65 

(Wein) ^ and 16*2° (Wein) (Syniewski, Annalen, 
1899, 309, 282; 1902, 324, 212), is prepared 
by the action of fresh malt extract on starch 
paste at ordinary temperatures, and also on 
solutions of amylodextrins. 

Analysis indicates : 

^72^124^62“^ ^ (C6^10^5)’^ ^2^* 

Mol. wt. found = 1,897 (F.B.). (Theory =^1,980.) 

When treated with malt extract for a very 
long period (three weeks in 5% solution) it 
gave “ t5omaltose,” which was extremely 
hygroscopic, [a]^®==-f 141*4°, Rm=84*5 (Wein), 
osazone, m.p. 152*5°. 

Syniewski terms this i^omaltose “ dextrinose.” 

E. —Limit-dextrin 11, [a%4-179*6°, Rm=30 0 
(Wein) (Syniewski, Annalen, 1902, 324, 212), 
is made by the action of malt extract 
previously heated for 15 minutes at 76-77°C. 
(this would bo by the action of the jS-diastase of 
Syniewski, the a-diastase of others) on solubilised 
starch, until the iodine colour just disappears. 
Analysis indicated: 

^86^62^8l~® (^6^10^5)»^2^ 

Mol. wt. founds 1,039. (Thoory=990.) 

It dissolves fairly readily in hot 80% alcohol, 
sparingly in 90% alcohol, and is converted slowly 
by unheated fresh malt extract (45°C., 48 hours) 
though nearly quantitatively to maltose (99*0% 
Wein=104% corrected). 

This is identical with the following dextrins of 
other workers: 

Ej.—Maltodextrin, [a]^ 8*88=1931®, Ks-bs 
=21-1 (Brown and Morris, J.C.S. 1886, 47, 627), 

^ In his early papers, Syniewski used the Wein 
method for determining maltose, which gives results 
about 5% low. The values given marked (Wein) 
are his values. In later papers he made correction 
for the Wein error. 
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made by the action of freshly prepared diastase 
from green malt on starch paste at 60-65°C. 
(This would be the action of the jS-diastase of 
Syniewski, the action being carried to [a]j 3-86= 
198°.) 

Brown and Millar {ibid. 1899, 75, 286) give the 
equivalent [a]i>=180°, Rm~34*5. 

It was regarded as ^12^22^11*^ (^12^20^10)2 
and was said to bo completely convertible by 
fresh diastase into maltose. 

Eg.—Maltodextrin-a, [a]x) 180°, Rm=- 32-8 
(Ling and Baker, ibid. 1897, 71, 508), was made 
by the action of precipitated malt diastase on 
starch paste at 70°C., and had the formula 
CgghlggOgj, mol. wt. found 990. 

It is sparingly soluble in 80% alcohol, and is 
said to be incompletely converted to maltose by 
precipitated malt diastase. (After 48 hours at 
room temperature the conversion had [a]© 3*93= 
141*3°, R3-93~ 90*8.) 

Eg.—Achroodextrin II, [ajj, 183°, Rm“ 
26*6-26'8 (Lintner and BuU, Z. gcs. Brauw. 
1894, 17, 339), was separated from starch 
conversions. They regard Brown and Morris’s 
maltodextrin as a mixture of achroodextrin II 
and “ isomaltose.” 

III. Simpler Dextrins. 

F.— y-Maltodextrin, [a% 172*28° (8*5% 

solution), Rm= 42*7 (Wein) (Syniewski, Annalcn, 
1902, 324, 212), made by fresh malt extract 
acting on Limit-dextrin II for one hour until the 
product shows 60% apparent maltose and then 
fractionated. It is easily soluble in 80% alcohol, 
sparingly in 90% alcohol. Analysis indicated 
C24H4202 i=^ 4(C6 Hio 05)H20. Mol. wt. found 
—595 (theory 606). It is said to give maltose and 
some “ ieomaltose ” when saccharified by fresh 
malt extract at 45 °C. 

It is identical with the following : 

Fj.— Maltodextrin-ft [a]jy 171*6°, Rm= 
43*0 (Ling and Baker, J.C.S. 1897, 71, 508), 
obtained by starch transformations using pre¬ 
cipitated malt diastase at 70°0. (Action of 
Syniewski’s ^-diastase, Kuhn’s a-diastase.) 
Formula: C24H42O21. Mol. ud. found=670. It 
is incompletely converted by precipitated malt 
diastase in 24 hours. Product had [aJu—140°, 
Rm-91*6. 

Fa—Achroodextrin III, (a]p 17M°, Rm-= 
42*5 (Prior and Wiogmann, Z. angew. Chem. 
1900, 13, 464) which is made by the incomplete 
conversion of potato starch paste by an extract 
of green malt (giving a red colour with iodine). 
Formula: (Ci2H220ii)2,H20. It differs from 
Lintner and DiiH’s achroodextrin 11 in being 
partly fermentable by Saaz yeast and more 
fermentable by Frohberg yeast, by which in 
vacuo it is said to be completely fermentable. It 
is completely converted by Logos yeast. With 
diastase (^ hour at 50°, gradually rising to 60° and 
70°C.) it gave maltose and Prior’s achroodextrin 
IV, Ci 2H2 oOio»^^ 20» “womaltose.” 

Fg.—“ Maltodextrin,” [a]p 181*3°, Rm= 42*6 
(Brown and Millar, J.C.S. 1899, 75, 286), which 
was made by the action of kiln-dried malt 
(D.P. 38°L.) i,e, by the action of Syniewski’s 
^-diastase, Kuhn’s a-diastase on highly concen- 
traied starch solutions (16%) at 56°C. 


This has the same Rm as Ling and Baker’s 
maltodextrin-j3, but higher [ajj). It is said to 
give maltose only with fresh diastase, without the 
formation of “ i^omaltose ” or stable dextrin. 
It is not in the slightest degree fermentable by 
(English) brewery yeast. 


IV. The So-called “ Stable Dextrins.” 


G. —Stable-dextrin, fain 197-198°, Rm= 6*6 
(Brown and Millar, J.C.S. 1899, 75, 316), is 
made by the action of cold water extract of malt 
on gelatinised starch at temperatures below 
60°C., the action being carried to the “ resting 
stage ” ([a]D-150°, Rm-SO). 

It is not resolvable by fractionation. Unlike 
the maltodextrins, it is attacked very slowly by 
large quantities of malt extract. A 7% solution 
was only saccharified to the extent of 30% 
after 48 hours by 25 c.c. of malt extract per 
100 c.c. of solution. (The malt extract was 
prepared from a kiln-dried malt and found to be 
free from maltasc.) The product consisted of 
equal parts of maltose and glucose. It was 
regarde<l as 39 CgHjgOg groups andlCgHigOg 
(aldchydic). Moi, wt.—6,221. 

H. —Stable-dextrin, [ajp 185°, Rm= 14 (Ling 
and Nanji, J.C.S. 1925, 127, 636), which is 
made by the saccharification of potato starch 
by precipitated malt diastase (from brewer’s 
malt Z.V. 30°) at 40°C. until the apj)arent maltose 
was 80*8%. The product was carefully frac¬ 
tionated. M.wt.::^ 1,923. It is regarded as a 
teira-amylosc and said to bo transformed slowly 
by maltase into woroaltose and with emulsin 
to give a mixture of maltose and glucose. 

It is clearly quite a dilforont material from 
Brown and Millar’s stable dextrin. 

Schardinger by the action of Bacillus 
macerans on starch obtained crystalline doxtrins 
designated as a- and which Pringsheim has 
termed polyarayloses. 

Pringsheim sets out the polyamyloses as 


a-series. Rotation. 


a-hexa-amylose [(CgH 1005)213 +139° 
a-t-etra-amyloso f (CgH 1005)212 +148*5® 
di-amylose (CoHio05)2 +136*5° 


;6-8eric8. 

)3-hexa-amyloso [(CeHio05)3l2 +158° 
Tri-amylose (CgH 1005)3 +151-5® 

and describes their esters and halogen addition 
products. 

Karrer and Biirklin (Helv. Chim. Acta, 1922, 
5, 181) question the existence of triamylose, 
and considers it and j5-hexa-amylose to be a 
polymeride of maltose anhydride, ix. an octa- 
amyloso. 

These polyamyloses yield glucose on com¬ 
plete hydrolysis, acetylbromide converts them 
into acetobromomaltose, whilst hydrochloric 
acid and silver carbonate cause the formation 
of amylobiose (iaomaltose). 

When tetra-amylose is dissolved in forma- 
mide and precipitated with alcohol, 80% of 
crystalline a-amylosan is obtained, and the 
balance of 20% is obtained as crystalline 
jS-amylosan on distillation of the filtrate 
(Pringsheim, Wieder and Weidinger, Ber. 1930, 
68, [B], 2628). 
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The composition of these dextrins is as yet 
too uncertain to make further discussion of 
value. The subject has been discussed by 
Pringsheim (“ Die Polysaccharide,” Berlin, 
1931; also “ Chemistry of Monosaccharides and 
Polysaccharides,” 1932, pp. 280-295), and 
by Pictet (X^nie Conference de I’Union Inter¬ 
nationale de Chimie Li^ige, 1930). 

The very properties which make the dextrins 
obscure chemically, namely, their varied 
properties, have been turned to advantage in 
industry, where they serve a wide variety of 
purposes as adhesives. 

In industry the processes for the production 
of dextrin may be divided into two classes : 

(1) Dry starch is subjected to the action of 
heat alone or with chemical agents. 

(2) Wet starch, suspended in water or 
cooked to a jeUy, is acted on with chemical 
agents with or without heat. 

The former is the more important. The 
products vary greatly from almost pure white 
to dark brown, and there is no close definition 
of dextrin, though there is a U.S. Government 
specification. A summary of the subject with 
an abstract of the literature is given by Bloede 
in Walton’s “ Comprehensive Survey of Starch 
Chemistry,” New York, 1928. 

Any one of the starches in commerce can be 
used as raw material. Potato starch is the 
easiest to convert and produces the highest typo 
of dextrin, but the taste developed makes it 
undesirable for postage stamps and envelope 
gum. Tapioca starch is preferable, producing 
tasteless products, and it is now the leading 
raw material for high-grade dextrin. Corn 
(maize) starches are inferior for many purposes, 
but as they are cheap they exceed all others in 
annual tonnage used. 

The starch is first freed as much as possible 
from combined water by drying in suitable 
ovens, and then submitted to a temperature of 
212-275° in rotating sheet-iron drums. The 
heat is supplied by hot oil, rape oil being fairly 
generally used, or by direct fire. When the oil- 
bath is used, the control over the temperature is 
greatest, and the colour of the product can be 
varied at will from white to dark brown. When 
the drums are heated by direct fire, they are 
made to rotate on slightly inclined axes, the 
dried starch being fed in at the higher end of 
the revolving cylinder and the product dis¬ 
charged at the other. Sheet-iron ovens are also 
used ; they are constructed singly or in sets. The 
heat is supplied by a furnace, the heated air 
from which is drawn over the top of the ovens. 
The material is kept continually stirred by fliat 
iron oars. Boxes and trays are also used as ' 
converters, and, indeed, the maker has only to 
consider the variety and quality of product 
required, and to remember that the drier the 
starch and the lower the temperature of con¬ 
version, the whiter will be the product, and, 
further, that different starches yield different 
products, i.e, behave differently when sub- 
mittcMi to the action of heat, to enable him to 
construct an apparatus that will suit his require¬ 
ments. It must also be home in mind that the 
conversion takes place more slowly at a low 
temperature. 


I The alternative method, in which less heat 
I is required to yield a satisfactory product, is to 
spray or moisten the starch either with a 
mixture of dilute nitric and hydrochloric acids, 
or with each acid singly, or with dilute oxalic 
acid. The paste is dried and heated at 100-120° 
or to 150°, till the transformation is complete, 
as determined by the iodine test; it must then 
be arrested promptly. 

For a method of examination of commercial 
dextrin and related starch products, v. Babing- 
ton. Tingle and Watson, J.S.C.I. 1918, 37, 
257T. The manufacture of potato dextrin is 
described by A. E. Williams (Chem. Trade J. 
1932, 90, 99; Ind. Chem. 1932, 8, 114). 

On heating dry starch with formic or acetic 
acids, the starch nucleus is broken down and 
esters of dextrins are formed, which are soluble 
in cold water. The proportion of acid fixed 
depends on the time of treatment. After 15 
hours’ heating with glacial acetic acid at 90°, 
the product just ceases to give a blue iodine 
coloration, and the products of the further 
heating are soluble in cold water. When care is 
taken to exclude moisture, and the heating is 
continued for 2 or 3 hours only, using equal 
weights of starch and glacial acetic acid, an 
acotylated starch, known commercially as 
Feculose, is obtained. This behaves like starch 
towards boiling water, but the jeUy does not 
revert on standing. It forms very clear flexible 
films, and is said to give better results than 
dextrin as a textile finish {see Traquair, J.S.G.I. 
1909, 28, 288). 

During hydrolysis the formation of glucose 
should bo limited as far as possible, as it increases 
the hygroscopicity of the dextrin. The quantity 
present depends to some extent on the nature 
of the hydrolytic agent, of which 1% 

employed. 

The operation of dextrinisation is said to be 
stiff largely an art, there being a variable resist¬ 
ance of the starch to the action of the hydrolysing 
agent, doubtless due to the presence of small 
but varying quantities of impurity in the starch. 
This view is supported by the fact that the 
resistance of the lower grades is more marked. 

British gum differs from dextrin in having 
greater viscosity and producing a much thicker 
liquid when made up with the same quantity of 
water. This is due to the presence of only 
partly converted starch. For its manufacture 
roasting alone is generally sufficient, rapid 
heating to between 350° and 400°F. being 
essential. 

“ Gum powders ” have recently become of 
importance as bottle adhesives and are special 
powdered forms of dextrin. 

Paste or only partly converted dextrins are 
advantageously made by means qf enzymes. 

The thin boiling starches required by the 
textile industry are usually prepared by making 
a cream of the raw starch in water, adding the 
requisite amount of mineral acid, and digesting 
at 100-120°F., a temperature below the 
bursting point of the granules. A better, 
though more expensive, method is by treating 
the starch in the cold with an oxidising agent 
such as sodium hypochlorite. 

Vegetable glue isjprepared by alkaline treat- 
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ment of starch, for example, by heating with 
6% caustic soda with constant agitation to the 
bursting point of the starch granule. The 
stringy glue-liko mass has high adhesive proper¬ 
ties and is widely used in the wood-working 
industry as a substitute for animal glue. 

E F A 

DEVIL’S ” DUNG v. AsATtETiDA. 

DEXTROFORM. A non-poisonous com¬ 
bination of dextrin with formaldehyde which is 
used as a disinfectant dusting powder in the 
treatment of wounds and infected ulcers. 

DEXTROSE, glucose, v. CARBOnYDRATES. 

DHAK GUM, a variety of Indian kino 
obtained from Butea Jrondosa Koxb. {q.v.). 

DHURRIN is a cyanojjhoric glycoside iso¬ 
lated by Diinstan and Henry (Phil. Trans. 
1902, 199A, ,399) from the leaves and stems of 
the great millet. It is para-hydroxymandelo- 
nitrile glucoside and is hydrolysed by enuilsin. 

E. F. A. 

DIABASE. This name was introduced by 
the French mineralogist A. Brongniart, in 1807, 
for those varieties of basalt in which the light 
and dark minerals, respectively felspar and 
augite (or as he erroneously supposed, felspar 
and hornblende), are distinguishable to the 
unaided eye. As actually defined by him, the 
term is therefore synonymous with the diorite 
of Haiiy (1822), whilst with the correction of 
augite for hornl)lendo it becomes a synonym of 
the dolerite of Haiiy (1822). In the latter 
sense it is used by some authors at the present 
time. Unfortunately, the term was re-defined 
by German petrographers, and it came to be 
applied to the older, or pre-Tertiary, dolorites, 
which differ from those of more recent date 
only in showing correspondingly more altera¬ 
tion, with the development of secondary 
minerals, such as chlorite. In consequence of 
this, the name “ diabase ” is now applied by most 
English authors to a partially altered or 
weathered dolerite. In this sense it has an 
economic bearing, since rocks of this class, being 
of wide distribution, are much quarried for road 
making. For this purpose the fresher dolerites 
are somewhat brittle, w hilst diabases are tougher 
and more durable, providing that decomposi¬ 
tion has not proceeded too far. There is also a 
tendency to use the name “ diabase ” in a loose 
sense, like the popular terms “ greenstone,” 
“ whinstone,” “ toadstone,” and “ trap-rock.” 

L. J. S. 

DIA B ETIN . Trade name for a preparation 
containing 12% of saccharine, 45% of sodium 
bicarbonate, 43% of tartaric acid and traces of 
red colouring material (J. Polak, Pharm. 
Weekblad, 1909, 46, 619). 

DIACETIN V . Aoktin. 

DIACETYL, CHgCO CO CHg, the first 
member of the aliphatic l:2-diketone8, a yellow 
liquid, b.p. 87-88°. The characteristic odour of 
butter is due to the presence of a small quantity 
of diacetyl (about 0*0006%) (v. Butter). 

DIACETYLENES. The members of this 
group of hydrocarbons have two acetylenic 
linkages in the molecule. These linkages may be 
conjugated or unoonjugated. Two principal 
classes of diaoetylenos are to be recognised, 
viz, those in which the acetylenic linkages (one or 


both) are terminally situated and which conse¬ 
quently retain one or two reactive (“ acetylenic ”) 
hydrogen atoms, apd those in which all the 
reactive hydrogen atoms have been substituted 
by other groups. Substances of the former 
class (e.g. diacetylone) can display both sub¬ 
stitutive and additive reactivity, whereas 
those of the latter class (e.g. dimethyldiacetylene) 
can only display additive reactivity. 

Preparation. —Diacetylene, C H • C • C j C H, is 
conveniently prepared by the action of cupric 
chloride solution on cuprous acetylide, followed 
by treatment of the copper diacetylide thus 
formed with dilute hydrochloric acid. The 
gaseous diacetylene so produced is purified in 
the Stock vacuum apparatus. Increase in the 
relative proportion of the cupric chloride, up to a 
point, increases the purity of the diacetylene 
produced, but also diminishes the total yield of 
gas owing to increased oxidation of the copper 
compounds (Straus and Kollok, Ber. 1920, 
59, [BJ, 1064). Diacetylone can also be prepared 
by the action of excess of alcoholic potassium 
hydroxide at 160-160° on butadiene tetra- 
bromide (Lespieau and Provost, Compt. rend 
1925, 180, 675), and it has been obtained together 
with numerous other products by maintaining an 
electric arc beneath the surface of ethyl alcohol 
(Miiller, Helv. Chim. Acta, 1925, 8, 826). 

Symmetrically disubstituted diacetylenes of 
the conjugated type R-C-C-C-CR can be 
smoothly prepared by the action of cupric 
chloride solution on the copper derivatives of 
monosubstituted acetylenes RC-CH (Straus 
and Kollek, l.c.), or by the action of iodine 
(2 atoms) on acetylenic Grignard reagents of the 
type CRjCMgX (Grignard and Tch^oufaki, 
Compt. rend. 1929, 188, 357). Symmetrical dia- 
cetylenic hydrocarbons of unconjugated type are 
obtained (1) by the action of acetylenyl bromides 
on magnesium (sometimes sodium) in ether, 

Mg 

2CR:C*CH2Br-^ CRiC CHa'CHaCiCR, 

(2) by the action of monosodio-acetylenea on 
poly methylene bromides, 

2RCCNa4-Br[CH2LBr 

—J- R*c: c-ccHjjVc:cr. 

and (3) by the action of suitable dibromo- 
olehns on polymethylene dibromides in presence 
of magnesium, followed by treatment of the 
product with alcoholic potassium hydroxide : 
Br[CH2VBr-f2CH2:CBr*CHaBr 
Mg 

-CHa-.CBr-CCHaVCBr.-CHa 

KOH 

-► CH:C[CH2VC:CH 

From those diacetylenic hydrocarbons which 
contain one or two replaceable hydrogen atoms in 
the molecule, alkyl derivatives can be obtained 
by the action of methyl sulphate or other 
suitable alkylating agent (see Aoetyuenes) on a 
metallic derivative of the hydrocarbon: 
[C:C(CHa)2*C:C]Mg 

MeaSO. 

—4 CMe:C (CH2)a CiCH, and 

CMe:C(CHa)a*C:CMe 
In general, unsymmetrical diacetylenic hydro¬ 
carbons can be obtained by the action of 
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excess of hot alcoholic potassium hydroxide on 
the corresponding diolenn tctrabromides : 

RCHBrCHBr[CH 2 ]„CHBrCHBr.R' 

4KOH 

-> RCiC-LCHJnCiCR' 

Properties .—The diacetylenes are gases or 
liquids, usually of pronounced odour. Those 
compounds which retain one or two reactive 
hydrogen atoms in the molecule react with 
ammoniacal cuprous chloride, alcohoUc silver 
nitrate, etc., to give metallic derivatives in the 
same maimer as does acetylene, and with 
hypohalous acid (or under certain conditions 
with halogens) to give halogeno-acetylcnes. 
Also all diacetylenes add chlorine, bromine, 
iodine, or hydrogen halide at their unsaturated 
centres. 

Diacetylene, the simplest compound of the 
group, is a gas at room temperature (b.p. +9-5° 
to 107749 mm.; d\ 0-7364; 1-43862). It 

readily yields explosive metallic derivatives and 
in liquid form polymerises easily to give dark- 
coloured solid products; when heated, it forms 
liquid polymerides. By the action of iodine 
on the silver compound, or more conveniently, 
by the action of iodine and hypoiodous acid 
on the hydrocarbon, di-iododiacetylcne is 
obtained; impure specimens of the latter are 
violently explosive. Di-iododiacetylene is trans¬ 
formed by iodine in ethereal solution to aaj3y88- 
hexaiodobutadione, m.p. 166-5-166‘5°. With 
iodine in chloroform solution diacetylene yields 
the tetraiodide, C 4 H 2 I 4 , m.p. 58-59°; with 
bromine it reacts with unexpected slowness, 
the main product being a hexabromide, m.p. 
183-5°, but it gives also some proportion of an 
isomeric bromide, m.p. 114°. Diacetylene can¬ 
not be regenerated satisfactorily from the 
hexabromide by the action of zinc in an alcohol 
or acetone medium. 


The conjugated diacetylenes can be hydro¬ 
genated catalytically and can evidently display 
some tendency towards terminal addition since 
diphenyl diacetylene on dihydrogenation under¬ 
goes 1:4-, 1:2:3:4-, and l;l:4;4-addition simul¬ 
taneously : 

H, rCHPh:C:C;CHPh 
CPhX-C-CPh >>NCHPhrCH-CH.-CHPh 
tCHaPh-CiC-CHjPh 

In general, each unsaturated centre of either 
conjugated or unconjugated diacetylenes is 
capable of displaying additive properties similar 
to those which characterise the simple 
acetylenes. 

Conjugated DiacetyleneSy 

R CiC-CjCH and R CjC-CiCR. 

B.p. (m.p.). 

Methyl-diacetylene (A^^-Pontadi-inene) 42° (c.) 
Ethyl- ,, (A^^-Hexadi-inene) 80° (c.) 

w-Propyl- ,, (A“^-Hepiadi-inene) (?) 

Dimethyl- ,, (A^^-Hexadi-inene) 

130° (64°) 

Diethyl- ,, (A^^-Octadi-inene) (?) 

Di-w-propyl- ,, (A^^-Decadi- 

inene) ..... 88712 mm. 

Di-n-butyl- ,, (A^^-Dodecadi- 

inene) .... 103°/8 mm. 

Di-w-amy 1 - ,, (A ^^-Tetradecadi- 

inene)" .... 118°-11974 mm. 

Diphenyl- ,, (aS-Diphenyl- A 

butadi-inene) .... (86-6-87°) 

Dibenzyl- ,, (aS-Diphenyl-A^^- 

hexadi-inene) .... (101°) 

Di-)3-phenylethyl-diacetylene (a0-Diphenyl- 

A^^-octadi-incne) . . . (118°) 


UNCONJFGATED DIACETYLENES. 



Formula. 

B.p. (m.p,). 

r 

d 


A^^-Heptadi-inene . 

CHiC-LCHjjg-CiCMe 

26°-2773 mm. 

0-810“i 

1-4521“ 


CHiC-LCHaVCiCH 

lll-5°-112-5° mm. 

0-81641' 

1-451" 

A^^-Octadi-inone 

CMeiC-LCHglgCjCMe 

62719 mm. 

0-828“ 

1-4668“ 

A ^^^-Nonadi-inene 

CHiC-CCHgVCiCH 

55°-56-5'’/13min. 

(-21°) 

0-8169“ 

1-462“ 

A*^^-Undecadi-inene . 

CHiC-rCHgVCiCH 

82 r)°-83°/2 mm. 
(-17°) 

0-8182“ 

1-463“ 

A ®^-Tridecadi-inene . 

ch:c-[ch2vc:ch 

(-3° to-2°) 

0-826221 

1-45421 

A ^^-Pentadecadi-inene 

CgHii-CiC-CHg-CiC-C.Hji 

134°-135°/4 mm. 

! 

__ 

A ®^-Hexadecadi-inene 

A^* „ 

CH:C-[CH2]i2C:CH 

162°-155712 mm. 

— 

~ 

CgHii-CiC-CHg-CiC-C.Hii 

169°-170°/15 mm. 

— 

— 

CgHipCiC-LCH^VCiC-C^Hii 

167°-158710 mm. 

__ 

— 

A ^^-Heptadecadi-inene 
A Octadecadi-inene 

^6^13*^ • C-CHg-C: C-CgHjg 

160°-155°/6 mm. 

— 

— 

CeHaa-CiC-LCHJa-CiC-C.Hig 

167°-16877 mm. 

— 

— 

A°^-Eicosadi-inene . 

ch:c-[CH2]i6-c;ch 

(54°) 


— 

A ^^'-Tricosadi-inene . 

C 9 H 18 -C : c-cHg-cC-C 9 H 19 

b 

1 

0 

b 

7 

___ 

— 

A ^^-Tetracosadi-inene 

C^Hij-CiC-LCHaVdC-C^Hj^ 

(38-5°~39°) 

— 

— 


E. H. E. 
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D(ACRIDINES v . Aobidine. 

DIAL. 6:5-Diallylbarbituric acid, AUo- 
harhitonef m.p. 171-172°. Hypnotic {Ciba, 
London), B.P.C. (v. Barbiturio Acid). 

DIALLAGE. An important rock-forming 
mineral belonging to the monoclinio series of 
the pyroxene group. It has the same composi¬ 
tion as diopside and hedenbergite, 

Ca(Mg,Fe)(Si03)2, 

but with the addition of alumina passes into 
augite. It differs from the other members of 
the pyroxene group in possessing a fine lamellar 
structure, due to secondary twinning and 
partial alteration of the material. On the 
surfaces of foliation the mineral displays a 
shining metallic sheen, and on this account it is 
sometimes used as an ornamental stone. The 
colour is grey, brown or green. Diallage is of 
common occurrence as a constituent of gabbro. 

L. J. S. 

DIALLYL, -hexadiene ( v . Butadienes 
AND Polyolefines (non-conjugated). 

DiALURIC ACID, Tarironylurea, v. Bar¬ 
bituric Acid (Vol. I, p. 625?>). 

DIAMOND. Carbon crystallised in the 
cubic system. The contrast presented by the 
physical characters of the two forms of crystal¬ 
lised carbon—diamond and graphite—^is very 
striking. Diamond is the hardest of minerals 
and, indeed, of all knovn substances, but at the 
same time it is very brittle; on the other hand, 
graphite is one of the softest of minerals, and it is 
flexible and inelastic. The one is colourless and 
transparent and a bad conductor of electricity, 
whilst the other is black and opaque and a good 
conductor. There is also a considerable differ¬ 
ence in density—diamond, 3*52 ; graphite, 2*25. 

The name diamond, in French and German 
Diamant, and similar in most other European 
languages, is a corruption of the Latin Adamas, 
which was used for this mineral by Manilius 
(a.d. 16) and Pliny (a.d. 100). This came from 
MSa/xa?, meaning invincible, a word applied 
by the Greeks to hard metals and stones. The 
similar name adamantine-spar was used by 
the chemist Joseph Black for corundum. 
Although diamond and corundum are numbered 
respectively 10 and 9 in the mineralogist’s scale 
of hardness, and with no other mineral falling 
between the two, yet, as shown by abrasive 
tests, diamond is 140 times harder than corun¬ 
dum, and more than a thousand times harder 
than quartz (No. 7 on the scale). It is on this 
high degree of hardness that all the technical 
applications of diamond depend; and a faceted 
gem never shows any signs of wear. The 
hardness is greater on an octahedron face than 
on a cube face, and on each face it varies with the 
crystaUographio direction. Lapidaries assert 
that stones from Borneo and New South Wales 
are harder than those from other localities. 

Crystalline Form. —Crystals of diamond are 
generally found singly and with faces developed 
on all sides ; thus indicating that they grew 
freely from individual centres in some surround¬ 
ing medium. By far the commonest form is the 
regular octahedron, the faces of which are often 
delicately marked with minute triangular pits or 


“ etched figures,” whilst the edges are nearly 
always rounded and often marked with a pro¬ 
nounced furrow. Other forms are a hexakis- 
octahedron (six-faced octahedron), and less often 
the rhombic-dodecahedron and the cube, while 
crystals of distinctly tetrahedral habit are rare. 
Nevertheless, it is probable that crystals of 
diamond are really hemihedral (tetrahedral- 
cubic) ; the apparent octahedron with grooved 
edges consisting of two tetrahedra interpenetrat¬ 
ing in twinned position. Distinctly formed 
twinned crystals are not uncommon. These 
are contact-twins with a face of the octahedron 
as twin-plane, and the two individuals flattened 
parallel to this plane, giving a triangular plate 
with re-entrant angles at the three corners. 
These are known to the Dutch cutters as “ naad- 
steenon ” (suture-stones). In addition to the 
rounded edges, noted above, the faces them¬ 
selves are often curved, sometimes to such an 
extent that the crystals are almost spherical in 
form. This rounding, as well as the etched 
figures, suggests that the crystals have been 
corroded subsequent to their growth. An 
important crystallographic character of diamond 
is the existence of perfect cleavages in four 
directions parallel to the faces of the octahedron. 
(On the crystallography of diamond, A. Fers- 
mann and V. Goldschmidt, “ Der Diamant,” 
Heidelberg, 1911). 

Physical Characters.—In its optical charac¬ 
ters, diamond is remarkable for its very high 
refractive and dispersive powers, the indices 
being: for rod light (B) 2*40735, yellow (D) 
2*41734, violet (H) 2*46476, and the dispersive 
value (li-.B) 0*05741. The critical angles of 
total reflection corresponding with those indices 
are 24° 33', 24° 26', and 23° 56' respectively. 
The angles between the facets of the brilliant 
form of cutting adopted for the diamond are so 
arranged that a ray of light entering the gem 
by the front facet will meet the back facets at 
a greater angle than the critical angle, and will 
be internally totally reflected, passing out again 
from the front of the stone, and with a chance 
that rays of different colours will be separated. 
A cut stone, therefore, shows much brilliancy 
or “ fire,” together with flashes of prismatic 
colours. Corresponding with the high refractive 
index, diamond displays a high degree of 
lustre, which is of the quality known as ” ada¬ 
mantine ” lustre. Uncut stones, especially 
when not quite clear, and with rough rounded 
surfaces, present a peculiar and very character¬ 
istic load-grey metaUio appearance. When pure, 
diamond is without colour and perfectly trans¬ 
parent. The best stones are described as of the 
” first water ” or “ blue-whites.” More often 
there is a tinge of colour (“ off-coloured ” stones), 
usually pale yellow, brownish, grey or greenish. 
Stones of a good canary-yellow, coffee-brown, 
or black colour are not uncommon, but those of 
rich shades of green, blue, or red are very rare. 
The nature of the colouring matter is uncertain, 
but it is probably inorganic {e,g. iron and 
titanium in the brown stones). Changes in 
colour may be effected by the action of heat or 
by exposure to radium emanations. Crystals 
of diamond, being cubic, should be optically 
isotropic, but when examined under the polaris- 
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ing microscope they are frequently seen to possess 
anomalous double refraction, especially around 
enclosures in the stone. This is duo to a state 
of strain, but according to R. J. Sutton (1928) 
stories of exploding crystals arc mythical. 
Luminescence (fluorescence and phosphorescence) 
is readily produced in some, but not all, diamonds 
by the action of sunlight, ultra-violet, Rontgen, 
cathode and radium rays, or simply by rubbing 
(triboluminescence). The cause of the lumines¬ 
cence was attributed by G. F. Kunz in 1895 to a 
hydrocarbon which he called “tiffanyite.” Dia¬ 
mond becomes positively electrified by friction. 
It is very transparent to the Rontgen rays; 
whilst glass imitations are opaque. Being a 
good conductor of heat, it can bo distinguished 
from a glass imitation by touching with the tip 
of the tongue, diamond fooling much colder 
than glass; also a film of moisture from the 
breath will disappear more quickly off the surface 
of diamond than off glass. The specific heat is 
less than that of graphite, and it increases rapidly 
with the temperature. Colourless diamonds 
(apart from those that are distinctly coloured) 
show amongst themselves differences in the 
absorption bands in the infra-red and the 
ultra-violet ; and some of them develop an 
electric current when exposed to ultra-violet 
light—photoelectric effect (R. Robertson, J. J. 
Fox and A. E. Martin, Phil. Trans. 1934, 232A, 
463). 

Chemical Characters. —The combustibility 
of diamond was first proved experimentally by 
the Florentine Academicians in 1694. Lavoisier, 
in 1772, found that the presence of air was neces¬ 
sary, and that “ fixed air ” resulted ; but it was 
Smithson Tennant, in 1797, who first proved 
that equal weights of diamond and carbon 
yielded equal weights of carbon dioxide. More 
convincing experiments in this direction have 
been made by Davy, Dumas and Stas, A. 
Krause (1890) and H. Moissan (1893). Powdered 
diamond bums readily in air at a red heat. 
Moissan determined the temperature of ignition 
in oxygen to be 690-790° ; according to J. Joly 
it is 850° in air. It burns with a small pale- 
blue flame, and in oxygen is able to sui)port 
its own combustion. It is infusible even in the 
electric arc ; and it can be heated at high 
temperatures (1,500°) without alteration in 
various gases (hydrogen, nitrogen, sulphur 
dioxide and trioxide, and nitrous oxide). In 
carbon dioxide, however, at 1,200° the crystals 
are corroded, with formation of carbon mon¬ 
oxide. It is unattacked by acids, caustic alkalis, 
iodic anhydride, hydrogen potassium sulphate, 
or a mixture of sodium chlorate and nitric acid, 
but is oxidised when heated to 180-230° in a 
mixture of potassium dichromate and sulphuric 
acid. In fused potassium nitrate or sodium car¬ 
bonate at about 900° small etched figures are 
slowly produced ; at 1,200° the action is more 
rapid, carbon dioxide being liberated. It is 
acted upon by sulphur vapour at 900° ; and it 
combines with iron, yielding steel. Crystals are 
etched by molten olivine (magnesium silicate). 
The fact that diamond gives with oxidising 
agents only carbon dioxide, whilst graphite 
yields graphitic oxide, has led to the suggestion 
that these two forms of carbon are chemical 


isomerides. Observations at high temperatures 
are somewhat contradictory ; a mere blackening 
of the surface has often been observed, but not 
always confirmed. C. Doelter (1911), with 
crystals packed in charcoal or thorium oxide 
and heated to 2,500°, obtained only a superficial 
blackening without any alteration in the physical 
characters of the material. Moissan (1893), 
however, records the conversion into graphite 
at the temperature of the electric arc (about 
3,600°); and Parsons and Swinton (1907) found 
that a diamond placed in the focus of cathode 
rays in vac/uo swelled up into a coke-like mass 
when the temperature reached 1,890°. In this 
connection the occurrence of cubes of graphite 
{clifIonite) in meteoric irons is significant; 
these are supposed to bo paramorphs after 
diamond. 

The ash remaining when diamond is burnt 
amounts, for colourless crystals, to 0-02-0*05%, 
but in the less pure carbonado it may roach 
1-8%. It consists mainly of iron oxide and 
silica, with some lime, magnesia, and titanium. 
The iron and titanium may represent the colour¬ 
ing matter present in the stone ; but the fre¬ 
quent presence of minute enclosures in diamond 
is not to be overlooked. In addition to liquid 
enclosures (carbon dioxide and w'ater), the 
following materials have been recorded: black 
carbonaceous matter, magnetite, ilmenito or 
hsematite, quartz, rutile, pyrite, gold, garnet, 
olivine, chlorite (?), apophyllito, etc. (R. J. 
Sutton, IMin. Mag. 1921, 19 , 208; L. J. Spencer, 
ibid. 1924. 20 , 245). 

Varieties.—Differing in certain points from 
the general characters enumerated above, there 
are two varieties of diamond—bort and car¬ 
bonado—w hich, for technical purposes, are more 
important than the purer crystals used for gems. 
These are crystalline aggregates, as distinct from 
single weU-developcd crystals. 

liort (boart or boort) consists of a number 
of individual crystals with a radial grouping 
around a common centre, giving rise to rounded 
exterior forms. These are sometimes quite 
spherical (“ shot-bort ” or “ ballas ”). They 
are usually rough on the exterior, it being only 
here that the fibres, or individual crystals, 
have been free to develop crystal faces—^in the 
interior these have interfered with each other’s 
growth. Although each individual possesses the 
cleavage characteristic of diamond, yet for the 
whole mass there is no continuous cleavage. 
For this reason, bort is tougher than the single 
crystals, which readily split along the cleavage 
directions, and is thus better adapted for boring, 
turning and cutting tools. This, no doubt, is the 
explanation of the common statement that bort 
is harder than diamond ; further, since in 
c^stals the degree of hardfiiess ..varies with the 
direction, a ohance section of bort will present 
both maximum and minimum values. The 
rounded pieces of bort are translucent to cloudy 
and opaque. They are grey or black with a 
greasy to metallic lustre, and, usually, a peculiar 
leaden appearance ; sp.gr. 3-50. £a the trade 
the term bort also includes fragments (such as 
those obtained by bruting), and aU crystals and 
stones that are useless for gem purposes. Such 
material is of value as an abrasive. 
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Carbonado, or “ black diamond ” (known in 
the trade as “ carbon ” or ** carbonate *’), is a 
finely granular crystalline material, dull, black 
and opaque, and often more or loss porous, with 
somewhat the appearance of coke. It forms 
irregularly shaped masses, and consists of a 
confused aggregate of minute crystal grains of 
diamond. It therefore presents no cleavage as 
a whole, and is consequently tougher and less 
frangible than single crystals. It is less pure 
than ordinary diamond, yielding more ash (up to 
4*8%) when burnt. An analysis of the ash 
gave FegOg 53-3%, SiOg 331%, CaO 13-2%; 
MgO trace. The sp.gr. is loss, 3-15-3-34 (the 
value for crystals being between the limits 
3‘502-3*626). The largest known piece of 
carbonado was found in Bahia, Brazil, in 1896. 
It weighed 631*9 g., that is, slightly more 
than the famous “ Cullinan ” diamond (which 
weighed 621*2 g.). Both carbonado and 

bort show considerable variations in texture, 
and with increasing coarseness of grain they 
may pass insensibly into ordinary diamond. 

Occurrence.— India, from very remote times 
until the middle of the eighteenth century, was 
the only source of diamond (with the unim¬ 
portant exception of Borneo). Since the dis¬ 
covery of the Brazilian and South African 
deposits the output has gradually fallen off, 
the fluctuating annual output being returned as 
only 20 carats in 1916 and 2,480 carats in 1934. 
The secondary deposits have, however, only been 
worked by native methods, and the original 
deposits have not been discovered. Indian 
diamonds being of the best gem-quality, there 
is thus a possibility of further developments. 
They occur associated with pebbles of jasper 
and vein-quartz in thin beds of conglomerate 
in the ancient sedimentary rocks (sandstones 
and shales) of the Vindhyan system (of pre- 
Cambrian age), which rest directly on the 
crystalline rocks. With the weathering of 
these strata, the diamonds are accumulated 
in the alluvial deposits of the present rivers. 
The districts where mining has been done 
fall into three main groups : a southern group 
in the basins of the Pennar, Kistna and Godavari 
rivers in Hyderabad and Madras; an eastern 
group in the Mahandi and Brahmani valleys in 
Bihar and Orissa ; and a northern group between 
the Ken and Son rivers near Panna in Bundel- 
khand. A doubtful occurrence of diamond in 
pegmatite has been described from Wajra 
Karur near Bellary; and, unfortunately, 
nothing is known as to whence the diamonds 
found in the ancient sedimentary rocks were 
derived. (On Indian diamonds, v. Manual of the 
Geol. of India, vol. 3, Economic Geology, 1881, 
by V. Ball ; vol. 4, Mineralogy, 1887, by E. R. 
Mallet ; J. C. Brown, “ India’s Mineral Wealth,” 
1936). 

In Brazil, diamonds were discovered about 
1725 in the alluvial gold-washings at Tejuco 
(now Diamantina) in Minas Geraes; and, 
although they have been since found in several 
other districts, notably in Bahia, this has 
remained the principal diamond-mining centre. 
Here, as in India, the diamond-bearing alluvial 
deposits have been derived from conglomerates 
and sandstoaes (including the flexible sandstone 


known as itacolumite) of considerable geological 
age (pre-Cambrian), and the original rook from 
which these were derived is not known. The 
Brazilian deposits are, however, remarkable for 
the variety of minerals found as well-worn 
pebbles (“ favas ”) in association with the 
diamond ; and the nature of those minerals, or 
indicators, has led to the suggestion that they, 
together with the diamonds, originally came from 
quartz-veins. (On Brazilian diamonds, see E. 
Hussak, “ Os Satellites do Diamante,” Rio de 
Janeiro, 1917; H. Preston, J. Soo. Arts, 1909, 
58 , 101; L. J. Moraes and D. Guimaraes, Ann. 
Acad. Brasil. Sci. 1930, 2, 153, and Econ, Geol. 

1931, 26, 502; C. W. Corrons, Z. pr. Geol. 

1932, 40, IGl, 177). 

In South Africa, diamonds were first dis¬ 
covered in 1867 near Hopetown on the Orange 
River. In 1868 the important workings (“ river 
diggings ”) on the Vaal River were commenced; 
and in 1870-1871 the diamonds were traced to 
deposits of a unique type, in the neighbourhood 
of which the town of Kimberley in Griqualaiid 
West, Capo Province, very quickly sprang up. 
Here are situated the famous mines De Beers, 
Kimberley, Dutoitspan, Bultfontein and Wes- 
selton. Other mines of the same type are the 
Jagersfontein and Koffyfontein mines in Orange 
Free State, and the great Premier mine (dis¬ 
covered in 1902) near Pretoria in the Transvaal. 
The diamond-bearing rock of these mines iills 
volcanic pif)es, 200-300 yards (in the case of the 
Premier mine half a mile) across, penetrating 
vertically the surrounding beds of basalt, shale 
diabase, and quartzite, and extending to un¬ 
known depths. The rock, known as kimberlite 
or locally as “ blue ground,” consists mainly of a 
hydrated magnesium silicate with much the 
same composition as serpentine. It contains 
boulders and broken fragments of various rocks 
(basalt, shale, sandstone, quartzite, granite, 
mica-schist, eclogite, etc.) and minerals (ilmenite, 
pyrope, enstatite, chrome-diposide, pyrite, etc.) 
and is of the nature of a volcanic agglomerate. 
Diamond is present in this rock on an average 
of one part in fourteen millions (0*00008%), and 
in the richest part of the Kimberley mine one 
part in two millions. The diamond was brought 
up from below with the igneous material, which 
must have been derived from a basic magma 
rich in olivine. Although the origin of diamond 
has been the subject of much discussion, there 
seems no reason to doubt but that it crystallised 
from this basic magma. The rare presence of 
diamonds embedded in boulders of eclogite (a 
garnet-pyroxene rock) found in the blue ground 
has led to the suggestion that this is the mother- 
rock ; but it is quite conceivable that the 
mineral crystallised from more than one kind 
of basic magma. 

The early open workings (“ dry diggings ”) 
at the Kimberley mines were soon replaced by 
a regular system of underground mining. The 
hard blue ground, when brought to the surface, 
was formerly spread out on extensive floors and 
exposed to the action of the weather for about 
a year, when it is crumbly enough to enable 
the heavy minerals to bo separated by washing. 
The present method is to pass the rock directly 
through crushers and rollers. From the concen- 
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trate the diamonds are separated by means of a 
mechanical sorting table coated with grease, 
to which the diamonds adhere, whilst the other 
minerals pass over. Finally, the stones are 
cleaned by boiling in a solution of caustic soda 
and in aqua regia or hydrofluoric acid. 

Many ^mberlite pipes are found over a wide 
area in South Africa, some extending also into 
South-West Africa, Southern Rhodesia, Belgian 
Congo and Tanganyika Territory; but only a 
few of them have proved to be productive. 
These pipes, of Cretaceous age, have no doubt 
supplied the diamonds found in the sand-dunes 
in South-West Africa, and the rich deposits 
found in 1927 and 1929 along the coast respec¬ 
tively south and north of tlio mouth of the 
Orange River. Rich alluvial deposits were 
discovered in 1926 in the Lichtenburg district 
in south-western Transvaal, where the gravels of 
an ancient river system are ric;hest in diamonds in 
large pot-holes in the underlying dolomite-rock. 
It is possible, however, that some of these allu¬ 
vial ^amends may have been derived from rocks 
of much greater geological age, for small green 
diamonds are occasionally found in the gold- 
bearing conglomerate (“ banket ”) at Modder- 
fontein in the eastern Witwatersrand. In these 
rocks, of pre-Cambrian age, the diamond must 
have come from some earlier source, of which no 
trace has yet been found. (On South African 
diamonds, see G. F. Williams, “ The Diamond 
Mines of South Africa,” 2nd ed., Now York, 
1907; P. A. Wagner, “ The Diamond Fields of 
Southern Africa,” Johannesburg, 1914; J. R 
Sutton, ” Diamond—Descriptive Treatise,” 
London, 1928 ; A. F. Williams, “ The Genesis of 
the Diamond,” 2 vols., London, 1932). 

Since 1903 diamonds have been discovered in 
several other parts of Africa. They have been 
found in conglomerates of Triassic age near the 
borders of Belgian Congo and Portuguese Angola 
and extending northwards into French Equa¬ 
torial Africa (E. Polinard, Ann. Soc. Geol. 
Belg. Publ. Congo Beige, 1929, 62, Cl79; 1934, 
67 , C66; Bull. Acad. Roy. Belg. 1931, 17, 137). 
In West Africa many small diamonds are found 
in alluvial deposits in the Gold Coast, a few in 
Liberia and Sierra Leone, and in 1934 a single 
fine crystal of 10 carats in Northern Nigeria. 
In Tanganyika Territory a large kimberlite pipe 
and the overlying gravel have been worked 
since 1921 at Mabuki, 36 miles S.S.E. of Mwanza 
on the south shore of Lake Victoria. Several 
kimberlite pipes were found in 1926 farther 
south near Shinyanga. Diamond is also 
reported from Bagamoyo on the east coast 
opposite Zanzibar (E. 0. Teale, Geol. Survey 
Tanganyika Territory, 1931, Short Paper No. 9). 

Other diamond-producing countries of less 
importance are British Guiana, Borneo, and 
New South Wales. In the interior of British 
Guiana many small diamonds are found together 
with gold in alluvial deposits along the Mazaruni 
and Potaro rivers. Finds of isolated crystals 
have been reported from Russian Lapland, 
Ural Mountains, Bohemia, China, Western 
Australia, British Colombia, Venezuela, etc. 
In the northern portion of the United States 
single crystals are occasionally found in glacial 
deposits, which have no doubt been derived 


from some unknown source in Canada. At 
Murfreesboro in Arkansas some diamonds have 
been found in a sorpentinised peridotite rock 
aUiod to kimberlite (H. D. Miser and C. S. Ross, 
Econ. Geol. 1922, 17 , 662). 

The production of diamond was at one time 
practically a monopoly of South Africa, and by 
limiting the output and holding large stocks in 
reserve, prices have been artificially kept high. 
But now there are several competitors in other 
regions, though South Africa stiU accounts for 
more than half the world’s total production. 
In the following table is given the output for the 
best and worst years since 1914. The total 
output in 1928 of 7,742,000 metric carats is 
equivalent to 1548*2 kg. or rather over 1| metric 
or long tons (5 metric carats--! g.), valued at 
£20,200,000. In 1936 and 1937 the production 
reached eight and nine million carats respec¬ 
tively, more than half in each year coming from 
Belgian Congo. 


Diamond Production of the World 
(in metric carats). 



1014 

1922 

1928 

Union of South 
Africa:— 




Minoa . 

2,727,558 

405,634 

2,254,049 

Alluvial 

147,742 

203,925 

114,150 

2,114,675 

Soiitli - VV cst Africa 

* 

503,142 

JiclKian Congo 

23,877 

250,292 

1,047,700 

Angola 

—■ 

08,083 

237,511 

Gold Coast 


0,535 

698,826 

Southern Rhodesia 

1,005 

256 

54 

Tanganyika Terri¬ 



tory .... 

— 

— 

24,681 

Brazil.... 

* 

* 

41,865 

British Guiana . 

13,710 

103,040 

214,474 

Borneo 

* 

1,948 

667 

India .... 

55 

171 

824 

Australia . 

1,580 

1,000 

28 

Total . 

2,910,000 

1,337,000 

7,742,000 


* 4'lgurc8 not available. 


The presence of diamond in certain meteorites 
is of special interest. It was first observed in 
the stone which fell on September 4, 1886, near 
the village of Novo-Urei, Nizhni Novgorod, 
Russia. This stone is composed of olivine 
(67*6%) and augite (23*8%), together with nickel- 
iron, troilite, chromite, black carbonaceous 
matter, and about 1% of diamond, the last as 
minute greyish grains. As dull black grains it 
has also been found in the meteoric stone of 
Carcote, Ciuli. In several, though not in all, 
of the masses of meteoric iron from Cafion 
Diablo in Arizona it has been found as colourless 
crystals, and as black and colourless grains, the 
largest 1 mm. across. It is also recorded from 
the meteoric iron of Magura, Czechoslovakia. 
The cubic form of graphite (cliftonite), probably 
a pseudomorph after diamond, has been found 
in the meteoric irons of Youndegin (Western 
Australia), Smithville (Tennessee), Crosby’s Creek 
(Tennessee), and Magura (Czechoslovakia). 

Origin and Artificial Production. —The 
reported occurrences of diamond in acid igneous 
rooks and in quartz-veins are very doubtful. On 
the other hand, its presence in basic igneous rocks 
is well established ; e.gr. in kimberliU and edogite 
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in South Africa, in serpentinised peridotite in 
Arkansas, and in diabase in New South Wales; 
whilst in meteoric stones the matrix is also of 
the same general character. In these cases the 
diamond is very probably present as a primary 
mineral, and one of the first constituents to 
crystallise out from the basic silicate magma. 
In addition, we have the occurrence of diamond 
in the nickel-iron of meteorites. This may be 
regarded as a magma of a still more basic type, 
and it is thus probable that diamond may 
crystallise from basic magmas of widely varying 
composition. 

Many attempts have naturally been made to 
constrain the abundant element carbon to 
crystallise as the rare and valuable diamond. 
Considerable doubts have recently been ex¬ 
pressed as to whether diamond has ever been 
produced artificially (C. H. Desch, Nature, 1928, 
121, 799; F. Krauss, ‘‘ Synthetische Edelstoine,** 
Berlin, 1929; F. Stober, Chem. Erde, 1931, 6, 
440; R. Brauns, Zentr. Min. A., 1931, 218; 
M. K. HojBrmann, Fortschr. Min. Krist. Petr. 
1933, 18, 17). The alleged products have never 
been more than the minutest particles, and these 
have not been subjected to rigorous tests. The 
hardness test by scratching has been mainly 
relied on ; but many carbides have a high degree 
of hardness, and spinel, which may crystallise as 
colourless ootahedra, readily scratches quartz. 
The appearance under the microscope alone is 
not reliable, and no definite determinations 
appear to have been made of the refractive index, 
specific gravity, or X-ray diffraction patterns. 

The experiments of I. Friedlander (1898), and 
of R. von Hasslinger (1902-1903), in which 
carbon was dissolved in molten magnesium 
silicate (olivine or kimberlite), bear some 
relation to the natural occurrences, but doubts 
have been expressed as to whether the micro¬ 
scopic crystals so obtained were really diamond. 
A method often tried is that first used by 
R. S. Marsden (Proc. Roy. Soo. Edin. 1881, 
11, 20) and elaborated by Moissan (1893-1896; 
“ Le Four 61ectrique,*’ Paris, 1897 ; and “ The 
Electric Furnace,” London, 1904), in which 
carbon is dissolved in silver or iron at a high 
temperature and the mass suddenly cooled by 
immersion in water or lead. A contracting crust 
is so formed and the molten interior subjected to 
great pressure. Sir C. A. Parsons (Bakerian 
Lecture, Phil. Trans. 1919, A., 220, 67; 
J. Inst. Metals, 1918, 20,6), from a long series of 
experiments, however, concludes that pressure is 
not a necessary condition, and that the diamond 
had been formed from gases, probably carbon 
monoxide, occluded in the iron. E. de Boismenn 
(“ Fabrication synth^tique du Diamant,” Paris, 
1913) states that he obtained crystals up to 2 mm. 
across by the electrolysis of fused calcium 
carbide. 0. Ruff (Z. anorg. Chem. 1917, 99, 73), 
in a systematic repetition of the various methods, 
obtained negative results, except perhaps by 
Moissan’s method. 

L. Duparo and P. Kovaleff (Compt. rend. Soc. 
Phys. Nat, Hist. Geneve, 1924, 41, 108), from a 
consideration of the equilibrium relations of 
diamond and graphite, conclude that the 
stability of diamond increases with pressure and 
diminishes with temperature, and an attempt 
VoL. III.—37 


was made to produce diamond at ordinary 
temperature under very high pressure, as in 
Spring’s experiments. Carbon disulphide and 
a metal with a strong affinity for sulphur were 
subjected to a pressure of 8,000 atm. Dis¬ 
solving the metal in acid, there remained a 
minute residue of colourless irregular grains 
which were birefringent with high refraction 
and which readily scratched glass. After some 
days the particles became covered with an 
opaque crust and fell to a fine powder. The 
suggestion that diamond was formed in this 
experiment is clearly not substantiated. 

L. Sesta (Phil. Mag. 1929, 7, 488) repeated 
the experiments of M. La Rosa (1909-10). 
Using an intense intermittent electric arc ho 
obtained from sugar-charcoal spherical particles 
and minute tetrahedra with curved faces, with 
sp.gr. >3-2, H. >>9, which burnt in oxygen, 
leaving no residue. M. K. Hoffmann (Zentr. 
Min. A, 1931, 214) found that a carbon electrode 
in liquid air with a current of 5,000 volts yielded 
glittering particles which resisted acids, but as 
the refractive index was less than 1*74 they 
were not diamond. J. Basset (J. Phys. Radium, 
1934, 5, 471) by reducing carbides and various 
carbon compounds with metallic oxides under 
high pressure and temperature obtained only 
graphite. 

Applications.—The value of diamond as a 
gem depends on its high degree of hardness 
enabling it to resist wear, and its high refractive 
and dispersive powers. These optical characters 
are, however, only brought into full play when 
the stone is faceted in a particular manner; 



Brilliant-cut. Bose-cut. 


and for this reason, old stones cut by Indian 
lapidaries have often been re-cut. The form 
most suited for this purpose is the brilliant-cut, 
and stones so cut are known as brilliants. The 
rose-cut, or rosette, is only used for quite small 
stones usually mounted in number as a surround. 
The accompanying figures show a brilliant 
viewed on the large front facet, or table, and a 
side-view ; and the rose-cut, viewed from above 
and the side. Being the hardest known material, 
diamond can only be worked very slowly and 
tediously with its own powder. The ground- 
form of the brilliant is approximately an octa¬ 
hedron, and this can be obtained, if necessary, 
by cleavage, or more safely by the modern 
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method of sawing with a thin motal disc charged 
with diamond dust. The briliaint is then 
roughly shaped out by rubbing two diamonds 
together—a process known as hruting. The 
final grinding and polishing of the facets are 
performed on a rapidly revolving cast-iron disc 
fed with diamond dust and olive-oil. 

The large historical diamonds with their 
associations of mystery and romance are mostly 
of Indian origin ; but those are now eclipsed 
by the numerous much larger stones found in 
South Africa. The largest Indian stone still 
preserved is the “ Koh-i-noor,” which was re-cut 
in England in 1852 as a brilliant of 106^\ carats ^ 
(—21*786 g.). The largest Brazilian stone, the 
“ Star of the South,” found in 1853, weighed 
in the rough 254J “ carats,” and when cut 125 
‘ ‘ carats. ’ ’ The largest known crystal of diamond 
is the “ CulHnan,” which was found in 1905 in 
the Premier mine, Transvaal. This showed a 
large cleavage surface, and was only a portion, 
probably about half, of the complete crystal. 
The portion as found weighed 621*2 g. (3,106 
metric carats, or nearly 1 lb. 6 ozs. avoirdupois). 
Being too large to cut as a single stone, it 
was cleaved and cut as nine large, gems (weigh¬ 
ing from 104*06 to 0*88 g.) and ninety-six small 
brilliants, the yield of cut material amounting to 
34J%. The “ CuUinan,” although the largest 
crystal, is not the largest piece of diamond that 
has hitherto been discovered. A mass of carbon¬ 
ado weighing 631*9 g. was found in 1895 in 
Bahia, Brazil. 

As an abrasive, diamond powder is the most 
effective agent available. It is the only material 
with which diamond itself can be worked, and 
it is much used by lapidaries for cutting other 
hard stones. A thin disc of soft iron charged 
on the edge with diamond powder is used for 
sawing stones, both for ornamental purposes 
and in the preparation of thin microscope 
sections of rocks. The small steel tools used by 
engravers of cameos and intaglios, and also the 
steel points used for boring precious stones, etc., 
are charged with diamond dust. The material 
used for abrasive purposes, though included 
in the trade under the term bort^ consists 
of the waste material from shaping the better 
stones as brilliants, and also the less clear and 
spotted crystals not suitable for cutting as 
gems. It is crushed in a diamond-mortar, 
splinters suitable for other purposes being picked 
out under a magnifying glass, and the remainder 
reduced to a fine powder. 

The glazier’s diamond is a crystal or frag¬ 
ment bounded by two rounded crystal-faces 
meeting in a curved or cusped cutting edge. 
For writing, drawing and engraving {e.g. fine 
scales and rulings on glass, metal, stones, 
ivory, etc.) fine splinters are used, or the 
diamond may be cut to a rounded point or 
chisel-edge. Diamond points are also used for 
drilling hard stones, glass, porcelain, teeth, etc. 

Carbonado and bort, by reason of their 

^ This was the old English carat of 205*409 mg. A 
later value of the English carat, as defined by the Board 
of Trade in 1888 and 1889, was 205*804 mg. The carat- 
weight has now been standardised in all countries as 
the metric carat of 200 mg. (6 carats =“1 g.). This 
has been the legal value of the carat in the British Isles 
idnce April 1,1914. 


absence of cleavage, are much more suitable 
than ordinary diamond for mounting as small 
fragments (2-3 carats in weight) as cutting 
tools which may be subjected to shocks. These 
are mounted in the crowns of rock-drills, used 
in tunnelling, mining, and sinking bore-holes for 
artesian wells, etc.; and on the edges of blade, 
band, circular, or wire saws for sawing large 
blocks of marble, granite, etc. Fragments, 
either in a rough form or fashioned to a suitable 
shape, are mounted as lathe tools for working 
stone, metal, etc. For example, for turning 
electric-light carbons, the edges of watch-glasses, 
finishing accurate turning work of the hard 
steel axles of instruments and machines of pre¬ 
cision, boring cannon, forming the sharp-edged 
furrows on the grinding surfaces of millstones, 
for dressing emery wheels, etc. 

Small cleavage plates or flat crystals of 
diamond drilled from each side with fine conical 
holes are used for drawing fine wire, down to 
0*01 mm. in diameter. For the tantalum, 
tungsten and osmium filaments of electric 
lamps the metal is forced by pressure through 
the hole. Bored diamonds are also used for the 
pivot-supports of delicate instruments, such as 
chronometers, electric meters, etc. 

The application of diamond for optical 
purposes is limited by the high cost and difficulty 
of working. Diamond lenses would need to 
have a much slighter curvature than those of 
glass, and they would be immune from scratch¬ 
ing. Microscope objectives with such lenses 
were constructed by Pritchard under the direc¬ 
tion of C. R. Goring, in 1824-1826. A hemi¬ 
sphere of diamond woidd also increase consider¬ 
ably the range and durability of refractometers. 

lieferences. —In addition to the references 
quoted in the several sections above, the 
following are given as being of a more general 
character: M. Bauer, “ Edelsteinkunde,” Leip¬ 
zig, 1896—3rd ed. by K. Schlossmacher, 
Leipzig, 1928-32—Eng. transl. (“ Precious 
Stones”), by L. J. Spencer, London, 1904; C. 
Hintze, “ Handbuch der Mineralogie,” Leipzig, 
1898, vol. i.; C. Doelter, “ Handbuch der 
Mineralchemie,” Dresden and Leipzig, 1912, 
vol. i.; Sir W. Crookes, “ Diamonds,” London, 
1909; Sir H. A. Miers, “ Diamond,” article in 
Encycl. Brit. 11th ed., 1910; E. Boutan, ” Le 
Diamant,” Paris, 1886; E. W. Streeter, “ The 
Great Diamonds of the World,” London, 1882; 
W. R. Cattelle, “ The Diamond,” London, 1911 ; 
P. Grodzinski, “ Diamant-Werkzeuge : Dar- 
stellung der Anwendung des Diamanten in 
Industrie und Gewerbe,” Berlin, 1936. 

L. J. S. 

o-DI AN ISIDi NE, 4:4"-diamino-3:3'-dimeth- 
oxydiphenyl, colourless crystals, m.p. 135“, used 
as an intermediate for direct cotton dyes. 

DIARSENOL. Canadian arsenical of 
the salvarsan typo (J. Messner, Z. angew. 
Chem. 1917, 80, 49; Pharm. Monatsh. 1921, 2, 
19). 

DI AS PIRIN . Trade name for the substance 
called succinyldisalioylic acid (G.P. 196634) 
probably identical with the salicylyl sucoinide 
ether-ester of H. P. Kaufmann (Z. angew. Chem. 
1927, 40 , 69) ; m.p. 178^ antipyretic. 
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DIAS PORE. A native hydrated alumina, 
ALOg-HgO or AIO(OH), ciystallising in the 
ortnorhombio system and isomorphous with 
goethite and manganite. It is usually found as 
scales or foliated masses with a perfect cleavage 
in one direction on which the lustre is pearly; 
but it is readily distinguished from other foliab^ 
minerals (mica, etc.) by its much greater hard¬ 
ness (H. 6i-7). Sp.gr. 3-4. When heated 
before the blowpipe it decrepitates violently, 
breaking up into pearly white scales (hence the 
name diaspore, from hiaairelp^iVy to scatter). 
In colour, it is usually grey or yellowish-brown, 
but pale-violet crystals are also found. It is 
usually found as an alteration product of 
corundum and emery, but occurs also as a 
mineral of contact-metamorphic origin in crystal¬ 
line limestones. It is of importance as a con¬ 
stituent of bauxite, and in a particular type of 
bauxite, called diasporite, occurring in crystal¬ 
line limestone in the Bihar Mountains, Hungary, 
it constitutes the bulk of the material. 

L. J. S. 

DIASPORITE V . Diaspore. 

DIASTASE V . Amylase and Brewing. 

DI ATO M IT E ( Diatomaceous Earthy In¬ 
fusorial Earth, TripoUte or Tripoli ; Ger. Kiesel- 
guhr, Bergmehl). A form of opaline silica con¬ 
sisting of the siliceous remains of diatoms 
(Diatomacese). These are unicellular, free- 
swimming plants belonging to the large group of 
Algae. The ceU-wall, or frustule, of each minute 
individual consists of two shields or valves of 
siliceous material with elaborate and beautiful 
ornamentation. More than 10,000 species of 
diatoms have been described ; they vary 
considerably in form—fusiform, elliptical, dis- 
coidal, globular and aoicular. Material com¬ 
posed of individuals of the aoicular form, the 
length of which varies from 0*093 to 0*166 mm. 
and the thickness 0*00156-0*00468 mm., is best 
suited for technical purposes. Diatoms multiply 
extremely rapidly and inhabit both fresh and 
salt water, being more abundant in cold latitudes. 
On death, their remains accumulate, under 
certain conditions, at the bottom of swamps, 
lakes or the open ocean. Besides being formed 
at the present day, such deposits are also 
met with in strata of Pleistocene and Tertiary 
age. 

Diatomite is a loose, pulverulent material 
with a mealy or earthy texture, resembling soft 
chalk or dried clay in appearance. It is friable 
between the fingers with a harsh feel, and 
grates between the teeth. In colour it is white, 
grey, yellowish, brownish or greenish. It is 
very light, floating on water; sp.gr. of air- 
dried material 0*24 and of calcined 0-34. Its 
high degree of porosity depends on the fact 
that the shells of the diatoms are hollow. Good 
material absorbs four or five times its weight 
of water. Further, it is a bad conductor of 
heat, electricity and sound, and is resistant 
to heat and most chemicals. Of acids, only 
hydrofluoric attacks it, but it is slowly dissolved 
by a hot solution of caustic alkali. Chemically 
it consists of hydrated silica, mixed with various 
impurities, such as sand, hydroxides of iron, 
clayey, calcareous and organic matter. 70-90% 
of SlOg may be present. 


Analysis I is of white material (dried at 105®) 
from Auxillac, Cantal, Auvergne; II, of green 
material from Auxillac; III, from Loch 
Cuithir (or Quire), Skye, Scotland; IV, from 
Richmond, Virginia; and V. of tripolite from 
Bilin, Bohemia (including also SOg 0*12, PjOg 
0*24, NH 4 O O 3 ). 



I. 

II. 

III. 

IV. 

V. 


% 

% 

% 

% 

% 

SiO, 

91*61 

88*66 

88*73 

75*86 

74*20 

TiOg . 

0*10 

0*18 

— 

— 

— 

AlgOg . 

1*53 

2*22 

2*16 

0*73 

0*67 

9*88\ 

2*92/ 

6*81 

CaO 

0*18 

0*26 

0*04 

0*29 

0*41 

MgO . 

0*29 

0*02 

-1 


— 

KgO 

trace 

0*47 

-y 

1*63 

0*02 

NagO . 

trace 

0*44 

-J 


0*30 

h^6 

2*33 

3*01 

6*40 

8*37 

13*30 

Organic 

^ 1*74 

4*17 

4*15 


4*20 

matter j 



Tripolite (Ger. Tripel, Polierschiefer—poUsh’ 
ing shale) differs from diatomite in being more 
compact with a laminated structure and conse¬ 
quently less light (sp.gr. 1*86) and porous. It 
merely represents the same material of a greater 
geological (Tertiary) age. 

The most extensively worked deposits of 
typical diatomite (Kieselguhr) are those on the 
Liineburger Heide (heath) in Hanover. Here 
beds with a thickness of 10-16 m. occur in 
basins in Pleistocene sands. The uppermost 
layers are white, below they are grey, and at 
the bottom of the deposit green. The green 
material contains from 15 to 30% of organic 
matter, sufiicieiit for calcination without 
addition of fuel. A bed of 5-7 m. covered 
by Tertiary clay and basalt is worked at Vogels- 
berg near AltenschHrf in Hesse. Similar deposits 
of recent to Miocene age are also widely distri¬ 
buted in the volcanic region of central France 
(Departments of Cantal and Puy-de-D6me). 
Here the material is known as randannite and 
ceyssatite, from Randanne and Ceyssat respec¬ 
tively ; and it is worked commercially under 
the name tellurine. (On the French and German 
deposits, see C. Schmidt, Ann. des Mines, Paris, 
1910, 17, 370). Deposits are met with in peat¬ 
bogs at several places in Scotland, and beds up to 
40 ft. in thickness of good quality material 
are worked at Loch Cuithir (or Quire) in the 
palish of Kilmuir in Skye (W. I. Macadam, 
Min. Mag. 1884, 6 , 87; 1886, 7 , 30, 36; 
1889, 8 , 135. Special Reports on the Mineral 
Resources of Great Britain, Mem. Geol. Survey, 
1916, 5). Similar deposits also occur in Ck>, 
Antrim (J. H. PoUok, Sci. Proc. Roy. Dublin 
Soc. 1899, 9 , 33). Extensive deposits, many 
of them of Tertiary age, are of wide distribution 
in the United States, especially in California 
(H. Ries, “ Economic Geology,” 6th ed.. New 
York, 1930). Other localities are Monte Amiata 
in Tuscany, Victoria, Norway, Denmark, 
Hungary, Algeria, Chile, etc. The typical tri¬ 
polite forms yellowish-white bands 0*5-1 *6 m. 
thick in beds of clay, gypsum, and “ Saugsohie- 
fer ” (absorbent shale) in a Tertiary basin near 
Bilin in Bohemia. 

In the preparation of the material for the 
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market, that of the purer white quality, after tales C'Ng’OR; (3) a nitrogen atom in 
being dug out from open pits, is simply air- diazoamines {diazoamino- compounds) 
dried in the open or in sheds. Organic matter P M H R 

is removed by calcination. Less pure material, uiMg-iNMK 


containing sand, etc., is treated by washing and 
sedimentation. Iron is removed by the action 
of acids. 

The varied uses of diatomite depend on its 
peculiar properties of porosity, lightness, non- 
conductivity, resistance to heat and acids. It 
was used by the Greeks and Romans for making 
light fire-proof tiles ; and in the middle ages 
was mixed with meal for bread, under the 
impression that it had a medicinal value. As 
an absorbent it has been much used with 
nitroglycerine for the manufacture of dynamite. 
The so-called dry sulphuric acid is prepared by 
saturating calcined diatomite with three or four 
times its weight of acid. Such material can bo 
transported with little risk. Diatomite packed 
around carboys of acid will soak up leakage in 
case the vessels become cracked. It has also 
been used as an absorbent of bromine, dis¬ 
infectants and liquid manures. On account 
of its non-conductive properties it is used, 
sometimes with asbestos, as a light packing 
material for boilers, steam-pipes, cooking 
stoves, safes, refrigerators and refrigerating 
apparatus, fire-proof and sound-proof floors 
and partitions of buildings, bulkheads of ships 
etc. Mixed with clay, lime, sawdust, etc., it 
can be used in the manufacture of fire-proof 
bricks and tiles; and having a low coefficient 
of expansion such material is specially adapted 
for making tubes, models, etc. It is used in 
the manufacture of various cements and artificial 
stones. Mixed with magnesia cement it gives 
a fire-proof cement for stoves ; with shellac, 
sealing-wax and gramophone records are made. 
It is also used as a filtering material for liquids 
and gases ; and various liquids (wine, beer, 
acids, oil, syrups) can be clarified by stirring 
with 1% of diatomite and allowing to settle. 
As a filler it is employed in the manufacture 
of rubber, cotton fabrics, paints, safety matches, 
paper, papier-mach^, soap, scouring-powders, 
tooth-powders, etc. Fused with calcium and 
magnesium borates it yields a non-cracking 
glass for glazes and enamels, which can also 
be used for painting on glass. As a source of 
silica, it is used in the preparation of sodium 
sihoate, ultramarine, smalt, etc. Finally, as 
an abrasive {q.v.) it, particularly the tripolite 
variety, is used for polishing metals and stoves. 
{Ref. B. Dammer and O. Tietze, “ Die Nutzbaren 
Mineralien,” Stuttgart, 1913, 1; ‘‘Diatomaceous 
Earth,** Imp. Inst. London, 1928.) 

L. J. S. 

DIAZINES V. Azines. 

DIAZO- COMPOUNDS. These organic 
substances, like the azo- compounds, contain the 
characteristic group —Nj —^ but whereas in the : 
latter series this bivalent radical is invariably! 
attached to two carbon atoms, C'Nj-C, in the 
former it is generally, although not invariably, 
combined with only one carbon atom, the other 
valenj^ being satisfied by: (1) an electro-negative 
ion Ac in the diazonium salts C'Nj'Ac; (2) an 
o:^gen atom in the diazohydroxmes (** diazo- 
hydrales ’*) C*N|*OH and diazo-oxides (“ diazo- 


and diazoimines {azimino-compounds), which 
when derived from orfAo-diamines have a cyclic 
configuration C-Ng'NH-C, whereas those from 
poro-diamines are sometimes given a quinonoid 
structure NjtCCrNH; (4) a sulphur atom in 
diazosulphonates C-Ng'SOgK, and diazosul¬ 
phides C'Ng-S'No-C. 

The diazocyanides C'Ng’CN contain the azo- 
group attached to two carbon atoms, one of 
which belongs to a cyanogen group, and these 
compounds which, in general, are distinctly 
I coloured, form an intermediate group between 
the foregoing diazo- derivatives and the azo- 
compounds. 

Certain aliphatic diazo- compounds {v. infra) 
contain the group —Ng— attached by two 
principal valencies to the same carbon atom. 

I. Diazonium Salts. 

Those diazo- derivatives are generally, but 
not exclusively, prepared from aromatic amines, 
and the process, which is termed diazotisation, is 
carried out with the undissociated salt of the 
amine, and not with the free base. In a hydro¬ 
lysing solvent like water, it is therefore custo¬ 
mary to diazotise aniline and its derivatives 
with sodium nitrite (1 mol.) and excess (2^ to 3 
equivalents) of mineral acid. 

The scientific and technical utility of the diazo 
reaction depends on the ease and rapidity with 
which three hydrogen atoms of the salt of an 
aromatic primary amine are replaced by 
nitrogen from nitrous acid to form the corre¬ 
sponding diazonium salt : 

ArNHgCI + HONO^ArNaCI+ZHaO 

Abomatio Diazonium Salts. 

The diazotisation of the benzenoid and 
naphthalenoid aminos is frequently carried out 
on a manufacturing scale owing to the employ¬ 
ment of aromatic diazonium salts in the pro¬ 
duction of azo- colouring matters. During the 
first decade of the present century more than 
1,000 tons of para-nitraniline were diazotised 
annually in the production of “ para-nitraniline 
red.” Since 1920 this diazonium salt has been 
partly replaced by other diazo- derivatives which 
give azo-pigments faster to light, chlorine, and 
kier boiling. 

The aromatic base is dissolved in dilute 
hydrochloric or sulphuric acid (3 equivalents in 
10-20% aqueous solution) and the solution 
treated with an equivalent quantity (1 mol.) 
of sodium nitrite in 10-20% solution. The 
diazotisation is completed when the liquid con¬ 
tains a slight excess of nitrous acid as indicated 
by starch and iodide paper. 

With aniline and its homologues, the tem¬ 
perature of the diazo- solution is generally 
maintained at 0-6’’ to prevent, so far as possible, 
the decomposition of the unstable diazonium 
salt, but in other cases, e.g. the nitranilines, 
naphthylamines, benzidine and other diphenyl 
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bases, the diazotisation is carried out most 
readily at 10°. The aminoanthraquinones are 
diazotised at 30-40° (Schaarsohmidt, Ber. 1916, 
49 , 2678). 

In alcoholic or acetic acid solution, diazotisa¬ 
tion can be efiected on the salt of the amine 
without using an excess of acid, and ethyl or 
amyl nitrite may, with advantage, be substituted 
for sodium nitrite. Gaseous methyl nitrite 
which has been employed in certain diazotisations 
(J.C.S. 1913,103, 1398), is very readily prepared 
and is a cleaner reagent than amyl nitrite. 

When treated with sodium nitrite, aniline 
hydrochloride in presence of excess of cold 
hydrochloric acid yields bonzenediazonium 
chloride, whereas in absence of this excess of acid 
it furnishes diazoaminobenzene. 

A product antecedent to either of these 
diazo- derivatives has been detected by Earl 
and Hall (J. Proc. Roy. Soc., New South Wales, 
1933, 66 , 455), who added 1 mol. of aniline 
hydrochloride in 40% aqueous solution at — 8 ° 
to about 1*5 mols. of sodium nitrite in 50% 
aqueous solution covered with ether and cooled 
to —15°. A white precipitate separated and 
dissolved forthwith in the organic solvent. This 
ethereal solution was dried over anhydrous 
sodium sulphate and the ether removed under 
reduced pressure, when a mass of white needles 
separated consisting of aniline nitrite^ 

CeH5NH2,HN02 

(yield about 60%). This salt becomes yellow at 
room temperature, and its aqueous solution 
rapidly deposits diazoaminobenzene. 

Benzenedlazonium chloride, CgHg-NgCI, 
the simplest example of an aromatic diazonium 
salt, is prepared by adding the calculated quan¬ 
tity of amyl nitrite to aniline hydrochloride 
suspended in glacial acetic acid at 10 °; it is pre¬ 
cipitated from the clear solution thus obtained 
by the addition of ether. 

Benzenedlazonium sulphate, 

CeHgNjHSO^, 

is prepared in a similar mamier from aniline 
sulphate suspended in glacial acetic acid, the 
precipitation being effected with alcohol and 
ether. 

Benzenedlazonium nitrate, 

CeHs-N^NOg, 

which was first precipitated from aqueous solu¬ 
tion by ether and alcohol (Griess, Annalen, 1866. 
137, 39), can also be produced in alcoholic or 
glaoifid acetic acid solution (Knoevenagel, Ber. 
1890, 28, 2996; Bamberger, ibid, 1896, 29, 446; 
Hirsch, ibid, 1897, 30, 92; Hantzsch and 
Jochem, ibid, 1901, 34, 3337). 

Diazonium salts have been obtained with a 
lai^e variety of anions: platinichlorides, auri- 
chlorides, stannichlorides, ferricyanides, nitro- 
prussiates (Ber. 1879, 12, 2119; 1885, 18, 966), 
chromates (Jahresberichte, 1867, 916; J.C.S. 
1906, 87, 1), carbonates and nitrites {ibid. 1905, 
87, 921), fluorides (Ber. 1903, 36, 2069), per¬ 
chlorates {ibid, 1906, 89, 2713, 3146), picrates 
(J.C.S. 1907, 91, 1316), azides {ibid, 1910, 
97, 1697; Ber. 1903, 36, 2056), thiosulphates. 


tungstates (J. Soc. Dyers and Col. 1901,17, 279), 
thioacetates (Monatsh. 1907, 28, 247), boro- 
fluorides (G.P. 281066) {v. Vol. II, p. 4H),phospho- 
molybdates and tungstates (J.C.S. 1909, 95, 1319), 
arylsulphinates (Ber. 1911, 44, 1415), zinci- 
chlorides. Rev. G^n. Mat. Col. 1914, 18, 4). 

The zincichlorides are frequently used for 
stabilising diazo- compounds. Dianisidine 
hydrochloride is bisdiazotised in acid solution to 
which zinc chloride is added, when the crystalline 
double zinc salt (MeOCeHgNaCOaZnCIs 
separates. A stabilised diazo- mixture is pro¬ 
duced by mixing this zincichloride with partially 
dehydrated aluminium sulphate or sodium 
naphthalene tetrasulphonate and drying at 
40° to 50° (B.P. 238676). 4-Aminodiphenyl- 
amine and its derivatives give stable diazonium 
zincichlorides and the technical product 
variamine blue salt is of this type. 

Diazonium chlorides added to a hydrochloric 
acid solution of load tetrachloride furnish a yellow 
crystalHne precipitate diazonium plumbichloride, 

(ArN2)2[PbCle], 

which on heating with alcohol gives the chloro- 
derivative ArCi (Chattaway, Garton and 
Parkes, J.C.S. 1924,125, 1981). 

All diazonium salts are endothermic com¬ 
pounds and are liable to explode in the dry state 
(Berthelot and Vieille, Compt. rend. 1881, 92, 
1076; Svontoslavsky, Ber. 1910, 43,1497) and in 
some cases the explosion point has been deter¬ 
mined (Ber. 1899, 32, 1691; 1900, 33, 627). 
The diazonium chromates and perchlorates 
decompose with considerable violence, and the 
former have been suggested as explosives (Bull. 
Soc. chim. 1867, ii, 7, 270; F.P. 73286). 

Bisdiazonlum salts {Tetrazo- salts). These 
compounds are produced from aromatic di¬ 
amines. 

When the two amino- groups are in the same 
aromatic nucleus, complete diazotisation is 
effected only with some difficulty. Meta- 
phonylenediamine hydrochloride and sodium 
nitrite furnish the azo- colouring matters 
included under the term “Bismarck brown” 
(Ber. 1897, 80, 2111, 2899; 1900, 33, 2116), but 
when a solution of the base in excess of hydro¬ 
chloric acid is added quickly to a large excess of 
well-cooled aqueous nitrous acid, complete diazo¬ 
tisation takes place and benzene-m-bisdiazonium 
chloride, CeH 4 [N 2 'CI] 2 »i 8 produced. When the 
nitrite is added quickly to the diamine hydro¬ 
chloride, nitroso-w-phenylenediamine results. 
Para-phenylenediamine hydrochloride, when di¬ 
azotised in the usual way, gives a mixture of 
diazonium and bisdiazonlum chlorides, but when 
the hydrochloride is added to excess of nitrous 
acid, benzene-p-bisdiazonium chloride is obtained. 

Schoutissen (J. Amer. Chem. Soc. 1936, 55, 
4536) has obtained evidence of the diazotisability 
of o-phenylenediamine by treating the diamine 
in sulphuric acid with nitrosylsulphurio acid and 
phosphoric acid, for he obtained a small yield of 
o-diiodobenzene on adding potassium iodide. 
Hodgson and Walker have bisdiazotised all 
three phenylenediamines by adding the glacial 
acetic acid solutions to nitrosyl sulphuric acid. 
On applying the Sandmeyer reaction they ob- 
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tained from o-phenylenediamine a 70% yield of 
o-dichlorobenzene (J.C.S. 1936, 530 ). 

In the naphthalene series, l:4-naphthylene- 
diamine is diazotised with diflSculty, owing to its 
oxidisability, but in producing its azo- deriva¬ 
tives this difficulty is surmounted by working 
with its monoacyl- derivatives and diazotising 
in two stages with an intervening hydrolysis 
(B.P. 18783,1891). The heteronucleal naphthy- 
lenediamines, excepting the 1 : 8 - compound, can 
be completely diazotised, yielding naphthalene- 
biadiazonium salts (Ewer and Pick, G.P. 45649, 
46788; Badische Anilin und Soda Fabrik, 
G.P. 130475; Morgan and Micklethwait, J.C.S. 
1910,97, 2558). Benzidine, tolidino, dianiaidine, 
and other similar heteronuclear diamines of the 
diphenyl and ditolyl series are readily diazotised, 
furnishing bisdiazonium salts {e.g. diphenyl- 
bisdiazoniumchloride^ C 1 Njj CqH 4 -C^H 4 -N^*CI), 
which are employed in the manufacture of sub¬ 
stantive azo- dyes. 

The upper limit of diazotisability in the 
benzene series has been determined by a study of 
triaminomesitylene ( 1 ), which when treated 
with iiitrosyl sulphate in strong sulphuric acid 
gives indazole derivatives. However, diazo- 
tiaation of this triamine was successfully 
effected in aqueous hydrochloric acid, when even 
with a large excess of acid and nitrite only two 
of the three amino groups became diazotised 
concurrently, and this twofold diazotisation was 
demonstrated by isolation of aminomesitylene- 
bisdiazonium aurichloride (II) and aminomesity- 
lene bisazoimide (bis-triazomesidine Ill). The 
latter compound was produced by adding sodium 
azide to the diazo- solution. 


Me 


NH 

Mel 


NH 2 

Me 


NH 2 

I. 

HNO2 I HCI 

Me 


>N2CI(orAuCl4) 

Mel Jmc 

^Cl (or AUCI4) 

II. 



N3HNO2NH 

iMe HN3 M 



III. 


The non-diazotisability of the third amino- 
group is not due to sterio hindrance, for when 
the bisdiazonium radicals have been replaced 
by two triazo groups the resulting bistriazo- 
mesidine can still be diazotised, and on further 
treatment with sodium azide its diazonium salt 


gives tristriazomesitylene (IV), a compound 
having the remarkable molecular formula 
H 3 C 9 N 3 , which suggjests a polymeride of prussic 
acid, although this coincidence is merely 
numerical and not chemical (Morgan and Davies, 
J.C.S. 1923, 123, 228). 

In an analytical study of the titration of 
aromatic amines by the diazo- reaction it was 
found that l:3:5-triaminobenzene in hydro¬ 
chloric acid solution gave figures corresponding 
with threefold diazotisation; 2:4:6-triamino- 
chlorobenzene was completely diazotised only in 
alcoholic solution (Phillips and Lowy, Ind. 
Eng. Chem. [Anal.], 1937, 29, 381). 

Velocity of Diazotisation. —^Under the 
usual experimental conditions, diazotisation 
proceeds with great rapidity, but in A /1000 
solutions, the velocity of this reaction has been 
determined by a colorimetric method for estimat¬ 
ing the free nitrous acid. The reaction is of the 
second order, and the values of the constant 

C=- , are 0 036 for aniline, 0-038 for 

i{a—x) 

^-toluidine, and 0-041 for m-xylidine, with one 
molecular proportion of free acid at 0°. At 
higher temperatures the rate is increased 
(Hantzsch and Schumann, Ber. 1899, 32, 
1691; 1900, 33, 527; Tassilly, Compt. rend. 
1913, 157, 1148; 1914, 158, 335, 489). Both 
colorimetric and electrolytic determinations of 
the velocity of diazotisation show that, in the 
absence of disturbing influences, all the aromatic 
amines are diazotised at the same rate. 

Altebnative Methods of Pboducing Aro¬ 
matic Diazonium Salts. —Niirosyl chloride or 
bromide has been suggested as a diazotising 
agent (Tilden and Millar, Chem. Soc. Proc. 1894, 
59; Kastlo and Keiser, Amer. Chem. J. 1895, 
17, 91). Nitrosyl sulphate has been used with 
advantage (Pabst and Girard, D.R.P. 6034; 
Ber. 1879, 12, 365; Morgan and Micklethwait, 
J.C.S. 1910, 97, 2558). This reagent or sodium 
nitrite dissolved in concentrated sulphuric acid is 
employed in diazotising slightly basic amines 
(Morgan and Evens, J.C.S. 1919, 116, 1130; 
c/. J. pr. Chem. 1906, [ii], 74, 275). Barium 
nitriiCy when employed in conjunction with 
sulphuric acid, furnishes diazo- solutions free 
from inorganic salts (Witt, Ber. 1903, 36, 4388). 
The last-named investigator has brought 
forward an interesting process wliich consists in 
dissolving the base in cold concentrated nitric 
acid and adding the calculated amount of 
potassium metabisulphite required to produce 
sufficient nitrous acid for the diazotisation (Ber. 
1909, 42, 2963). 

For unsubstituted aromatic amines the direct 
method of diazotisation by adding nitrite to 
the cold acid solutions is generally efficacious, 
but for amines containing nitro-, carboxyl-, or 
sulphonio groups the inverted method of 
mixing the amine with nitrite and running 
this mixture in cold acid is preferable. Highly 
substituted amines, such as 4-chloro-2:6- 
dinitraniline and picramide (2:4:6-triiiitroaniline) 
are dissolved in glacial acetic acid and treated 
with nitrosylsulphuric acid (Misslin, Helv. 
Chim. Acta, 1920, 3, 626; Blangey, ibid* 
1926, 8 , 780). Schoutissen dissolved highly 
substituted bases in sulphuric acid and added a 
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solution of nitrosyl sulphuric acid in the same 
acid. Diazotisation was promoted by diluting 
the solution with phosphoric acid (sp.gr. 1*70) 
at 0° (J. Amer. Chem. Soc. 1933, 55 , 4531; 
Rec. trav. ohim. 1936, 54 , 97). Similar methods 
are used to diazotise amines of the anthraquinone 
series (J. pr. Chem. 1906, [ii], 74 , 276; Ber. 1904, 
87, 4185). 

In the diazotisation of 2:4-dinitro-a-naphthyl- 
amine the process is usually attended by the 
elimination of the ortho-nitro- group, and a 
similar change occurs in the case of certain dini- 
troanilines. In order to avoid this formation of 
diazo- oxides it is suggested to diazotise such 
foeblo bases in cold acetic acid with a solution of 
sodium nitrite in concentrated sulphuric acid. 
Even 2:4:6-trinitroaniline (picramide) can be 
diazotisod by this process. 

This mode of diazotisation may also be 
employed in converting 2:4:6-trinitro-m-pheny- 
lenediamine into its bisdiazonium salt (Misslin, 
Helv. Chim. Acta, 1920, 8 , 626; Meyer and 
Tochtermann, Ber. 1921, 54 , [B], 2283). 

Diazonium bromides are formed by the inter¬ 
action of hydrazines and diazonium perbromides 

2RN2Br3f RNaMg-SR-NaBr+SHBr 

(Chattaway, J.C. 8 . 1908, 93 , 958). An ehciro- 
lytic process for the production of diazonium 
salts has been patented (Boehringcr & Sons, 
D.R.P. 152926, and B.P. 2608 of 1904). 

Diazonium salts can also be prepared from 
compounds not containing amino- groups; 
mercury diphenyl and nitrous fumes give 
benzenediazonium nitrate (Ber. 1897, 30, 509), 
and the same salt is produced from nitroso- 
benzene and nitric oxide in chloroform solution 
{ibid. 1898, 31 , 1528). 

Aniline nitrate is transformed into benzene 
diazonium chloride by zinc and hydrochloric 
acid (Mohlau, Ber. 1883, 16 , 3080) or by titanous 
chloride (B:necht, J.C.S. 1924, 125 , 1537). 

Certain complex or highly substituted amines 
resist diazotisation unless treated under pressure 
(D.R.P. 143450) or with excess of nitrous and 
mineral acids (Annalen, 1873, 165 , 187; 1891, 
260 , 224; Ber. 1900, 88 , 520). 

(For indirect methods of forming diazonium 
salts, V. Annalen, 1879, 199 , 320; 1888, 243 , 
282; 1892,270,116; Ber. 1893, 26 , 2190; 1899, 
32 , 1809; 1900, 33 , 1738; J. pr, Chem. 1896, 
fii], 54 , 496 ; Gazzetta, 1900, 30 , 1626 ; Bull. 
Soc. chim. 1891, [iii], 6, 94.) 

Fuming nitric acid reverses the coupling pro¬ 
cess and regenerates the diazonium salt from its 
azo- derivatives (Meldola, J.C.S. 1889, 55 , 608; 
1894, 65 , 841 ; O. Schmidt, Ber. 1905, 88 , 
3201). Diazonium chlorides are regenerated 
from azo-dyes by decomposing the latter with 
chlorine or hypochlorous acid (J. pr. Chem. 
1912, [ii], 85 , 325. 

Reactions op Aromatic Diazonium Salts. 

In addition to their power of coupling with 
phenols, aromatic amines and their sulphonic 
acids to form the technically important azo¬ 
colouring matters, the diazonium salts are 
synthetical agents of the greatest value, and the 


following is a synopsis of the principal reactions 
in which they take part: 

1. Decomposition of Diazonium Salts 
by Water. 

{V, Ber. 1874, 7 , 1061; 1894, 17 , 2704; 
1899, 82 , 1773; 1890, 23 , 3635; 1902, 35 , 89 ; 
J. pr. Chem. 1881, [ii], 24 , 476 ; J.C.S. 1902, 81 , 
77 ; 1903, 83 , 688 ; 1905, 87 , 5; 1906, 89 , 19). 

The decomposition of soluble diazonium salts 
by water is a unimolocular reaction, and is 
represented by the well-known equation ; 


The relative stability of the diazonium salts 
is ascertained by comparing the values of the 
constant k for a given temperature. The most 
successful method of making this determination 
consists in heating solutions of the diazo- com¬ 
pounds at a fixed temperature, and measuring 
the rate at whi(;h nitrogen is evolved. 

These quantitative decompositions show that 
the diazonium salts from aniline and ortho- 
and we/fl-toluidine are among the least stable 
of the series, whereas considerably greater 
stability is exhibited by the diazotised nitrani- 
lines and the diazonium sulphonates derived 
from the bonzenoid and naphthalonoid amine- 
sulphonic acids. 

The rate of decomposition of diazo- com¬ 
pounds increases with the temperature and in 
accordance with Arrhenius's formula for the 
temperature coefficient {v. Chemical Affinity, 
Vol. II, p. 532) 


i, E 
’”8' E=K 



The rate of decomposition is independent of 
the quantity of mineral acid present, and equiva¬ 
lent solutions of benzenediazonium chloride, 
bromide, sulphate, nitrate, and oxalate decom¬ 
pose with the same velocity ; this change is, 
however, accelerated by colloidal platinum or 
silver, owung to catalytic action (Hantzsch, Ber. 
1900, 33, 2517; Hausser and Muller, Bull. Soc. 
chim. 1892, [iiij, 7 , 721; 1893, 9 , 353; Compt. 
rend. 1892, 114, 549, 669, 760, 1438; Schwalbe, 
Z. Farb. Ind. 1905, 4, 433; Ber. 1905, 38, 
2196, 3071; 1909, 42, 196; Cain, J.C.S. 1902, 
81,1412; 1903,83,206,470; 1905,38,2511; 
Euler, Annalen, 1902, 325, 292 ; Veley and Cain, 
Trans. Faraday Soc. 1909, 5, 1). 

In general, the decomposition of a diazonium 
salt by water loads to the formation of a phenol: 


R Na HS 04 +H 20 -R 0H4 HaS 04 +Njj 

The sulphate is the best salt to employ in 
this reaction, because the chloride and nitrate 
are apt to lead respectively to alternative or 
secondary changes. Benzenediazonium sul¬ 
phate and its homologues furnish phenol and 
the cresols and xylends; dipheny 1-4:4'-bis¬ 
diazonium sulphate gives rise to 4:4'-dihydroxy- 
diphenyl. Aurin is similarly obtained from 
diazotised rosaniline (Annalen, 1878, 194, 306). 

In certain cases, more especially in the 
naphthalene series, the product is contaminated 
by azo- compounds, resulting from the coupling 
of the hydroxy- derivative with a portion of the 
still undeoomposed diazonium salt (J.C.S. 
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1903, 83, 221). To obviate this difficulty, 
so far as possible, excess of acid is used in the 
decomposition. The manufacture of the a- 
naphtholsulphonic acids {e.g, OH : SOgH—l: 4 
and 1 : 8 ) from the corresponding a-naphthyl- 
aminesulphonic acids furnishes typical examples 
of the technical application of the process. 
When the phenolic product is volatile in steam, 
the normal change is facilitated by operating with 
solutions boiling above 100°. A good yield of 
guaiacol is obtained by adding the diazo- salt of 
oriAo-anisidine to a mixture of sodium sulphate 
and dilute sulphuric acid boiling at 135-145°, 
the volatile product being removed at the 
moment of formation (Kalle & Co., B.P. 7233 of 
1897 ; cf. Annalen, 1889, 253, 281 ; Ber. 1874, 
7, 1008 ; D.R.P. 167211 ; J.C.S. 1906, 89, 19 ; 
cf. Willstatter and Schudel, Ber. 1918, 51, 782). 

Secondary reactions occur even in the sim¬ 
plest cases where the boiling is protracted (Ber. 
1890, 28, 3706), and in many instances, owing 
to the great stability of the diazo- compound, 
not a trace of the hydroxy- derivative can be 
isolated (Amer. Chem. J. 1889, 11, 319; Cain, 
J.C.S. 1003, 83, 688 ). 

(For other exceptional decompositions of 
diazo- compounds by water, v . Bor. 1874,7,1061; i 
1884, 17, 2704; 1899, 32, 1773; 1902, 35, 89;! 
J.C.S. 1896, 69, 1327; 1902,81,77; 1905,87,5; 
1906, 89, 19). 

The diazo- compounds are very sensitive to 
light, which induces the phenolic decomposition 
even in certain cases where the action of hot 
water or acids is very slight (J.C.S. 1907, 91, 
35; cf. Compt. rend. 1881, 92, 1074; Ber. 1890, 
28,3131; 1901,34,1668; D.R.P. 63455, 56606; 
J.S.C.I. 1890, 9, 1001). 

2. Decomposition of Diazonium Salts by 
Alcohols. 

The reaction between diazonium salts and 
alcohols may proceed in two different ways : 

1. R NgX+CgHg OH 

^RH+CHgCHO+Ng+HX 

2. R NaX+CgHgOH-ROCgHg+Na+HX 

The former of these changes was originally re¬ 
garded as the general reaction, but more recent 
researches have shown that the second is the 
normal change. The factors determining the 
course of the reaction are, however, numerous 
and complicated, involving ( 1 ) the nature of the 
alcohol; ( 2 ) the influence of substituents in the 
diazonium salt; (3) the pressure and tempera¬ 
ture at which the decomposition is affected. 

The tendency to replace the diazo- group by 
hydrogen increases with the molecular weight of 
the alcohol employed. Benzenediazonium chlor¬ 
ide or sulphate and methyl alcohol give anisole 
exclusively. With ethyl alcohol, these salts 
yield chiefly phenetole, but benzene is also pro¬ 
duced. The diazonium sulphates from p-chloro- 
and p-bromo-aniline furnish only p-chloro- and 
p-bromo-benzene with ethyl alcohol, but with 
methyl alcohol they give rise mainly to the 
methyl ethers of p-chloro- and p-bromo-phenol 
(Amer. Chem. J. 1898, 20, 229; cf. Annalen, 
1871, 159, 191; Ber. 1901, 34, 3337; 1903, 36, 
2061 ; Amer. Chem. J. 1893, 15, 518; 1897, 19, 
631, 647. 661). 


The diazo- salts of the simpler amines 
(aniline and its homologues) react chiefly in the 
direction indicated by the second of the fore¬ 
going equations, and yield mixed ethers, but the 
presence of acid substituents 

(Cl, Br, NOg, COgH, NH SOgR) 

favours the predominance of the first change. 
The nitranilines {ortho-y mcta-y and para-) give 
respectively 87, 51, and 40% of nitrobenzene, 
the 1:2-, 2:1-, and l:4-nitronaphthylamines 
furnish the corresponding nitronaphthalenes, 
whereas a- and jS-naphthylamines yield a- and 
)3-ethox3rnaphthalene8 (Remsen and others, Ber. 
1886, 18, 65; Amor. Chem. J. 1886, 8, 243; 
,1887,9,587; 1891, 18, 163; 1892, 14, 16). 

The yield of alkyl other increases with rise 
of pressure, but the addition of zinc-dust or an 
alkali (sodium hydroxide or ethoxide, potassium 
carbonate) inhibits almost entirely the forma¬ 
tion of mixed ether and leads to the substitution 
of the diazo- group by hydrogen (Amer. Chem. J. 
1893, 15, 105, 301, 320, 379; 1894, 16, 235; 
1895, 17, 454; 1897, 19, 163, 531; 1898, 20, 
298; 1904,31,119). 

The simultaneous elimination of two diazonium 
groups by the reducing action of ethyl alcohol 
has been applied successfully to a series of 
heterocyclic diamines, the diamino-cycZic 1:3- 
diazahnes, of which the following base (formula 
I) is the simplest example. This diamine and its 
analogues are diazotised by Schoutissen’s method 
with nitrosyl-sulphuric acid in concentrated 
phosphoric acid and after dilution the soluble 
bisdiazonium salt is reduced in solution by 
boiling alcohol. The resulting cyclic l:3-diazal- 
ine (formula II) is extracted with ether (Morgan 
and Stewart, J.C.S. 1938, 1292). 



3. Replacement of the Diazo- Group by 
Hydrogen. 

In addition to the action of alcohol, the 
diazo- group can be eliminated by the use of a 
variety of reducing agents; 

(i) The diazonium salt is reduced to the corre¬ 
sponding hydrazine and the hydrazino- group 
NH'NH* removed by boiling with copper 
sulphate (Baeyer and Pfitzinger, Ber. 1885,18, 90, 
786). 

(ii) Reduction of the diazo- compound with 
alkaline sodium stannite (Friedlander, Ber. 1889, 
22, 687). 

(iii) By various other reducing agents, 
stannous formate (Ber. 1886, 18, 357; J. pr. 
Chem. 1889, [ii], 40, 97), hypophosphorous acid 
(Ber. 1902, 35, 162), sodium hyposulphiie (ibid. 
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1907, 40, 858), formic acid and copper powder 
{ibid. 1890, 23, 1632), aluminium powder in 
alcohol (Morgan and Evens, l.c.). 

4. Replacement of the Diazo- Group by 
Halogen, Cyanide, Cyanate, and Thio¬ 
cyanate Radicals. 

Fluorine may be introduced into the aromatic 
nucleus in place of the diazo- group by treating 
the diazonium salt with hydrofluoric acid. 
Diazoamino- compounds {v. infra) are also 
employed in bringing about this replacement, 
and when treated with concentrated hydro¬ 
fluoric acid they yield the corresponding fluoro- 
derivative; fluorobenzene is thus produced 
from diazoaminobenzone or diazo bonzene- 
piperidide (J. pr. Chem. 1870, [ii], 1, 395; Ber. 
1875, 8, 893 ; 1879,12, 581; 1889, 22, 1846). 

A general and more convenient method of 
introducing fluorine into the aromatic nucleus 
consists in adding 40% borofluoric acid to the 
diazo- solution from the aromatic base when the 
corresponding aryldiazonium borofluorido is pre¬ 
cipitated. These borofluorides are generally 
very stable salts ; they are not explosive and 
may be crystallised from warm water. When a 
diazonium borofluorido is gently heated it 
evolves nitrogen and boron trifluorido, whilst 
fluorine replaces nitrogen in the aromatic ring. 
Thus bonzenediazonium borofluoride (decom¬ 
posing at 121-122°) furnishes fluorobenzene, 
b.p. 86°/760 mm. Toluene-jo-diazonium boro¬ 
fluoride (decomp. 110°), m-xylene-4-diazonium 
borofluoride (decomp. 108°), and naphthalene-a- j 
diazonium borofluorido (decomp. 113°) give 
respectively p-fluorotoluene, 4-fluoro-w-xylene, 
b.p. 143-144°, and a-fluoronaphthalene, b.p. 
110°/17 mm. 

The bisdiazonium salts from benzidine yield 
the corresponding bisdiazonium borofluoride 
(95% yield, decomp. 137-138°), and this salt is 
pyrolysed into 4:4''-difluorodiphenyl (b.p. 115- 
116°/11 mm., 80% yield). 

m- and p-Phenylenediamines are similarly 
converted into bisdiazonium borofluorides which 
yield respectively m-difluorobenzene, b.p. 82- 
83°/752 mm., m.p. —59°, and ja-difluoro- 
benzene, b.p. 88*5°/767 mm., m.p. —13° (Balz 
and Schiemann, Ber. 1927, 60, [B], 1186; Schie- 
mann and Bolstad, ibid. 1928, 61, [B], 1403; cf. 
ibid. 1929, 62, [B], 1794, 1805; 1930, 63, [B], 
3035). p-Nitro bonzenediazonium borofluoride 
decomposes smoothly into ^-fluoronitrobenzene. 

The first really successful process for re¬ 
placing the diazo- group by chlorine (or bromine) 
was discovered by Sandmeyer ; it consists in 
adding the diazotised solution to cuprous 
chloride (or bromide) dissolved in warm hydro¬ 
chloric (or hydrobromic) acid, when nitrogen is 
evolved and the corresponding chloro- or bromo- 
derivative is produced (Ber. 1884, 17, 1633, 
2650; 1885, 18, 1492, 1496; 1886, 19, 810; 
1890, 23, 1628, 1880; Annalen, 1893, 273, 
141). 

The first stage in the Sandmeyer reaction is 
considered to be the formation of an additive 
compound of diazonium salt and cuprous 
chloride ; the decomposition of this inter¬ 
mediate product proceeds readily only above a 
certain temperature, which is different for each 
diazonium salt (Erdmann^ Annalen, 1893, 272, 


141; cf. Voto^ek, Chem. Zeit. Rep. 1896, 20, 
70; Hantzsch and Blagden, Ber. 1900, 33, 
2544). The substitution of bromine for diazo- 
nitrogen follows a similar course (Phil. Trans, 
1864, 154, 673 ; Annalen, 1866, 137, 49; Amor. 
Chem. J. 1891, 13, 486; Gazzetta, 1890, 20, 
631). 

The foregoing substitutions are also effected 
by the addition to solutions of diazonium 
chlorides or bromides of finely divided copper 
or the copper bronze of commerce (Gattermann, 
Ber. 1890, 23, 1218; 1892, 25, 1074; Ullmann, 
ibid. 1896, 29, 1878; cf. Angeli, ibid. 1891, 24, 
952). 

Iodine, is readily substituted for the diazo¬ 
complex by treating the acid diazo- solutions 
with potassium iodide even in the absence of 
copper or cuprous salts. 

As an alternative to the Sandmeyer and 
Gattermann reactions, the replacement of a 
diazonium group by chlorine or bromine is 
oflected by converting the diazonium salt either 
into mercuriohloride by adding mercuric chloride 
in aqueous potassium chloride or into merouri- 
bromide by adding mercuric bromide or nitrate 
in aqueous potassium bromide. The double 
diazonium mercurihalido is dried by washing 
with acetone, methyl alcohol or ether, mixed 
with twice its weight of potassium chloride or 
bromide and heated until the diazo- compound 
is completely decomposed. This procedure is 
effective in the following cases: 2:2'-diamino- 
diphcnyl (2:2'-xcnylenodiamine) is converted 
into 2:2'-dichlorodiphenyl or 2:2'-dibromodi- 
phenyl (yield 80%); p-bromobonzonediazonium 
bromide with mercuric bromide and potassium 
bromide gives p-dibromobenzene, and j3-naph- 
thylamine is converted similarly into 2-bromo- 
naphthalene (yield 65%). The double diazonium 
salts with antimony trichloride and stannic 
chloride may be utilised in a similar manner 
(Schweehten, Ber. 1932, 65, [B], 1605). 

Benzenediazonium chloride when treated with 
potassium and mercuric iodides in methyl 
alcoholic solutions yields successively 

CeHg N. Hglgand (CeH.NJ^Hgl^. 
Both are yellow compounds decomposing 
at 63-64° and 65° respectively. When 
maintained at the ordinary temperature these 
mercuric iodides pass mainly into iodobenzene 
and mercuric iodide with loss of nitrogen, but in 
addition the former gives a 10% and the latter a 
3% yield of diphenyhodonium tri-iodomercuriate 
[(CeHglgljHglj, yellow crystals, m.p. 171*8° 
(Nesmejanov, Z. anorg. Chem. 1929, 178, 300). 

The Sandmeyer reaction includes the im¬ 
portant synthetical operation of replacing the 
diazo- group by a cyanide radical, the diazo¬ 
nium salt being added to a warm solution of 
potassium cuprocyanide. The Gattermann pro¬ 
cess is also applicable to this synthesis, the 
addition of copper powder to a mixture of 
diazonium salt and potassium cyanide inducing 
a similar replacement. The cyanate radical is 
introduced in the place of the diazo- group by 
adding successively to a solution of diazonium 
salt, potassium cyanate and copper powder 
(Gattermann, Ber. 1890, 28, 1218 ; 1892, 

25, 1086). The thiocyanate group is introduced 
by adding potassium thiocyanate and cuprous 
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thiocyanate to a solution of diazonium sulphate 
(Gattermann and Haussknecht, Ber. 1890, 23, 
738 ; Thumauer, ibid. 770). 

Although cuprous halides are employed 
in the Sandmeyer reaction for replacement 
of diazo- group by chlorine or bromine, nickel 
cyanide is better than cuprous cyanide for the 
introduction of cyanogen, and ferric salts are 
the best catalysts for introduction of the thio- 
cyanogen (CNS) group (Compt. rend. 1926, 
183, 421). 

5. Replacement of the Diazo- Group by 
Sulphur and Sulphur-containing Radicals. 

These reactions are of importance as furnish¬ 
ing methods for the synthetical production of 
sulphonic acids. 

Thiophenols or disulphides arc obtained by 
treating diazonium salts with potassium xanth- 
ate and then hydrolysing the resulting aromatic 
xanthate (Leuckart, J. pr. Chem. 1890, |ii], 41, 
179 ; cf. Klason, Ber. 1887, 20, 349 ; Walter, 
Chem. 8 oc. Proc. 1895, 11, 141). Phenyl sulphide 
is produced by treating benzenediazonium salts 
with hydrogen sulphide or ammonium sulphide 
(Graebe and Mann, Ber. 1882, 15, 1683). 
Benzenoid diazonium salts yield sulphides 
on treatment wuth sodium cuprous thiosulphate, 
but diazotised a-naphthylamine only gives 
a-azonaphthalcne (Bornstein, Ber. 1901, 34, 
3968). 

The replacement of a diazonium by a sul- 
phinic group is efFeoted by saturating with 
sulphur dioxide an acid solution of diazonium 
sulphate and adding copper powder; nitrogen 
is evolved and the resulting sulphinic acid ex¬ 
tracted with ether (Gattermann, Ber. 1899, 32, 
1136; B.P. 26139 of 1896; D.R.P. 95830). 

The foregoing thiophenols, disulphides and 
sulphinic acids yield the corresponding sulphonic 
acids on oxidation (D.R.P. 70286 ; B.P. 11865 of 
1892). 

6. Replacement of the Diazo- Group by 
Nitro-, Nitroso-, and Amino- Radicals. 

The introduction of a nitro- group is brought 
about either by heating the diazonium salt with 
nitrous acid and cuprous oxide or by mixing the 
diazonium sulphate with cupro-cupric sulphite 
and adding excess of alkali nitrite. By the 
latter process, 2:4:6-tribromobenzenediazonium 
sulphate gives 65% of l-nitro-2:4:6-tribromo- 
benzene and diazotised ^-naphthylamine gives 
25% of j 8 -nitronaphthaleno, a substance pre¬ 
pared with considerable difficulty by other 
processes (Sandmeyer, Ber. 1887, 20, 1497 ; 
Hantzsch and Blagden, 1900, 33, 2544). The 
diazonium borofluorides have been utilised in 
effecting a replacement of the diazo- group by a 
nitro-radical. A thin aqueous paste of the boro- 
fluoride was added to a suspension of copper in 
aqueous sodium nitrite. The following reaction 
takes place at room temperature : 

ArN2BF4-}-NaN02=ArN02+N2+NaBF4 

In this way a 64% yield of p-dinitrobenzene was 
obtained from p-nitraniline, and ethyl p-amino- 
benzoate furnished a 50% yield of p-nitrobenzoic 
acid (Starkey, J. Amer. Chem. Soc. 1937, 69, 
1479). The introduction of a nitroso- group is 
effected by treating a diazonium chloride with 
alkaline potassium ferrioyanide (Bamberger 


and Storch, Ber. 1893, 26, 471). The addition 
of hydroxylamine to a solution of diazonium 
salt results in the regeneration of the original 
amine (Mai, Ber. 1892, 26, 372 ; 1902, 36, 
2593, 3920). 

7. Formation of Azolmides. 

The introduction of the azimino- group Nj 
into the aromatic nucleus is effected by the 
following reactions: ( 1 ) action of hydroxyl¬ 
amine on diazonium sulphates (Mai, Ber. 1892, 
25, 372 ; 1893, 26, 1271 ; Forster and Fiorz, 
J.C.S. 1907, 91, 855, 1350); (2) interaction of 
ammonia and diazonium per bromides; (3) direct 
action of sodium azide on diazonium salts in ex¬ 
cess of sulphuric acid (Nolting and Michael, Ber. 
1893, 26, 86 ; Forster and Fierz, J.C.S. 1907, 91, 
1942). The last of these processes is carried 
out so readily that the production of an azimino- 
compound may be used to estimate the number 
of diazo- groups in a diazonium salt (Moldola 
and Hawkins, Chem. Soc. Froc. 1892, 8, 133; 
Morgan and Micklothwait, J.C.S. 1910, 97, 2560). 
Aromatic azoimides are also produced by the 
interaction of chloroamine, NHgCb and diazo¬ 
nium chlorides (Forster, J.C. 8 . 1915, 107, 
260), and by removing water from the nitroso- 
ary Ihy d roxy 1 amin es. 

These aryl azoimides can be employed syn¬ 
thetically as a means of transforming an amino 
* into the corresponding arainophenol as when 
warmed with moderately concentrated sulphuric 
acid, two-thirds of the nitrogen is eliminated 
and a hydroxyl group is introduced into the 
nucleus (Friedlander and Zeitlin, Ber. 1894, 
27, 192 ; Morgan and Porter, J.C.S. 1915, 107, 
651). 

The interaction of sodium azide and diazo¬ 
compound leads directly to the formation of a 
triazo- derivative in practically quantitative 
yield. A noteworthy alternative arises when a 
diazonium salt interacts with an arylsulphon- 
amido in alkaline solution. The reactions are 
fairly general and the yields favourable. 

RSOa-NHo+R'-NgCI 

-RSOjH-fR'Ns-bHCI 

RSOoNH2+2R'N2CI 

-R SOa-Ng-R+R'N 3 + 2 HCI 

The former reaction affords a means of pro¬ 
ducing arylsulphinic acids (Dutt, Whitehead 
and Wormall, J.C.S. 1921, 119, 2088). 

Miscellaneous substitutions^ v. J.C.S. 1888, 53, 
460; Amer. Chem. J. 1888, 10, 368; Ber. 1902, 
35, 1964. 

For the replacement of the diazo- group by 
arsinic and stibinic complexes consult Arseni- 
CALS, Organic, and Antimonials, Organic. 

The primary amines of the triazole and 
thiazole series yield diazonium salts with oxy- 
acids (nitrates or sulphates) which are more 
stable than the corresponding chlorides. Primary 
amines of the pyridine and quinoline series 
having the amino- group ortho- or para- with 
respect to tertiary nitrogen atom yield very 
unstable diazonium chlorides which decompose 
forthwith into chloro-pyridines or quinolines. 
9-Aminophenanthridine (I) does not diazotise 
normally in acid solution, but reacts slowly 
with nitrous acid, giving phenanthridone II 
(Morgan and Walls, J.C.S. 1932, 2227). The 
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other amino* derivatives of phenanthridine are 
readily diazotisable. 



Condensations effected by Means of 
Aromatic Diazonium Salts. 

Azo- compounds are formed, to a slight 
extent, during the Sandraeyer reaction, and this 
condensation takes place to a greater extent 
when the usual order of mixing is reversed and 
the cuprous chloride added to the cold solution 
of diazonium salt. Aniline, o-chloraniline, and 
o- and jp-toluidine give considerable quantities 
of azo- derivatives, but the nitranilines and 
their homologues furnish diphenyl compounds 
(Niementowski, Ber. 1901, 34, 3325; Ullmann 
and Forgan, iOid. 3802; D.R.P. 126901). 
Cuprous oxide dissolved in ammonia or hydroxyl- 
amine also promotes the diphenyl condensation 
(Annalea, 1902, 320, 122), diphenyl itself being 
readily prepared by adding copper, zinc or iron 
powder to benzenediazonium sulphate in dilute 
alcohol (Ber. 1890, 23, 1226); )3j8-dinaphthyl is 
similarly produced from /S-diazonaphthalene 
sulphate (J.C.S. 1895, 67, 653). 2:2'-l)imethyl- 
l;r-dianthraquinonyl results from the condensa¬ 
tion of 2 inols. of 2-raothylanthraquinone-l- 
diazoniurn sulphate when stirred with acetic 
anhydride and copper bronze powder (Scholl and 
Kunz, Ber. 1907, 40, 1697 ; B.F. 14578 of 1905). 


Coupling of Diazonium Salts. 

2:4:6-Trinitrobenzenediazonium salt is highly 
reactive and couples with mesitylene to form 
the azo- compound CgH 2 (N 02 ) 3 *N 2 -CgH 2 Me 3 . 
This reaction recalls a similar interaction 
between negatively substituted diazonium salts 
and certain unsaturated hydrocarbons containing 
conjugated ethylene linkings. Thus the azo¬ 
compound CH 
is readily obtai: 
p-nitrobenzenediazonium chloride in glacial 
acetic acid. This condensation product is re¬ 
duced by tin and hydrochloric acid to the amino- 
hydrazine, 

CH2:CMeCMe:CHNHNHC3H4NH2. 

Other diolehns such as butadiene (erythrene), 
isoprene, and a-methylbutadiene (piperylene) 
also couple with the active diazo- derivatives 
from p-nitroaniline and 2:4*dinitroaniline 
(Meyer and SchoeUer, Ber. 1919, 52, [B], 1468). 

Diazonium compounds in general couple 
with ethers of a carboxylated naphthol, thus 
2-methoxy-3-naphthoio acid couples in aqueous 
solution with the diazo- derivative of p-ohloro- 
aniline, 2:4-dichloroaniline, p-nitroaniline, 4- 
nitro-o-anisidine, benzidine, tohdine, o-, and 
m-nitroanilines, sulphanilic acid, and 5-nitro*o- 
anisidine. The first six diazo* derivatives give 


2:CMeCMe:CHNaCeH4NOa 

ned from dimethvlbutadiene and 


unmethylated dyes, the next three give a 
mixture of approximately equal parts of un¬ 
methylated and methylated dyes, the last 
diazo- compound couples without domethylation 
(Jambuserwala and Mason, J. Soc, Dyers and 
Col. 1930, 46, 339). 

Reactive diazonium salts couple in the side 
chains of unsaturatod aromatic compounds. 
p-Nitrobonzenediazonium sulphate in alcoholic 
solution reacts with anethole, 

CHa-CHrCHCgH^OMe, 

to give anisaldehyde-p-nitrophonylhydrazone. 
With ii#osafrole, CHgOgtCoHgCHrCHzCHg, this 
diazo- compound gives piperonal-p-nitrophenyl- 
hydrazone, and with isoapiole, 

CH202:C6H(0Me)2CH:CHCH3, 

apiolaldehyde-p-nitrophenylhydrazone is ob¬ 
tained. A similar condensation occurs with igo- 
eugenol, which yields vaniUin-p-nitrophenyl- 
hydrazone. These condensations distinguish 
aromatic compounds containing the propenyl 
group —CHrCH-CHg from those (e.g. safrole) 
with the allyl side chain —CHg CHiCHg. In 
the former cases the reactive diazo- derivative, 
probably in its tautomeric form, 

NOgCgH^NH-NO, 

attacks at the unsaturated linking, forming a 
hydrazone of the aromatic aldehyde with 
rupture of the side chain and elimination of 
acetaldehyde (Quilico and others, Gazzetta, 
1928,58,389; 1929,59,39). 

Tlie rate of coupling of diazonium salts with 
phenols in bufier solutions of constant ionic 
strength (p=0*24) has been measured colori* 
metrically. Over a wide range of concentration 
the rate of reaction corresponds with that 
calculated by means of the bimoleoular equation. 
Rate of coupling is a simple function of the pa 
of the solution: log fc=log (Conant and 

Petersen, J. Amer. Chera. Soc. 1930, 52, 1220). 

Benzenediazonium salts couple with 2:6- 
diaminopyridine first to a diazoamino- com¬ 
pound, the hydrochloride of which on boiling in 
aqueous solution gives 2:6-diamino-3(or 4)- 
benzeneazopyridine (U.S.P. 1820483). 6-Chloro- 
S-aminopyridine (or the corresponding 6-iodo- 
base) is diazotised and coupled with a variety of 
reactive pyridine bases such as 2:6-diamino- 
pyridine and its 3-bromo- and 3-iodo- derivatives, 
to give heterocyclic azo- derivatives which are 
useful bactericides (B.P. 341598). 

The product obtained by tetrazotising o- 
phenylenediamine in nitrosylsulphuric-phos- 
phoric acid solution couples in this strongly acid 
medium with phenol, )3-naphthol, anisole, 
phenetole and even mesitylene to yield o-diazo- 
azo-compounds so that in such circumstances the 
bisdiazotised compound should be represented 
by the formula 

N:N—X 
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in order to explain the one-sided coupling. 
When the acidity of the solution is reduced then 
a second coupling with a phenolic compound 
takes place giving rise to o-diazo dyestiilfs of 
outstanding stability towards alkali (Schoii- 
tissen, Rec. IVav. Chim. 1938, 67, 713). 

Interchange of Groups in Diazonium Salts. 

The diazonium salts of the more highly sub¬ 
stituted amines frequently undergo remarkable 
transformations, some of which have boon 
suggested for use in the technical production of 
azo- compounds. 

The dinitroanisidines, containing nitro- groujis 
either in ortho- or para- positions with regard 
to the amino- group, exchange those radicals 
for hydroxyl during the process of diazotisation. 
In certain instances, the methoxyl group present 
in these compounds undergoes dcmethylation, 
etc., with the production of internal diazo- 
oxidos (quinonediazidos). The nitro- group is 
set free in tho form of nitrous acid, which con¬ 
tinues the diazotisation process on further 
quantities of the base (Meldola and others, 
J.C.S. 1900, 77, 1172 ; 1901, 79, 1076 ; 1902, 81, 
988; 1905, 87, 1205). Methoxyl or chlorine 
radicals in para- positions with respect to the 
diazo- complex are rendered labile by contiguous 
nitro- groups so that para-diazo- oxides are pro¬ 
duced (Klemenc, Ber. 1914, 47, 1407; Morgan 
and Porter, J.C.S. 1915, 107, 653), but an accu¬ 
mulation of acidic (nitro-) groups favours the 
removal of adjacent nitro- groups and the forma¬ 
tion of ortho-disuzo- oxides (Meldola and Rever- 
din, J.C.S. 1910, 97, 1204). A sulphonic group 
is replaced by hydroxyl in the diazotisation 
of m-phonylenediaminedisulphonic acid (B.P. 
18283 of 1903), and certain of tho dinitro- 
naphthylamines, when diazotised, yield internal 
diazo- oxides, owing to the initial replacement of a 
nitro- group by hydroxyl (Gaess and Ammel- 
burg, Ber. 1894, 27, 2211 ; Friedlander, 1895, 
28, 1951 ; cf. Meldola and Streatfeild, J.C.S. 
1895, 67, 908). 

The replacement of an acidic (electro¬ 
negative) substituent by hydroxyl frequently 
occurs on treating the tliazonium salt with 
aihalis. 


Cl OH 



A sulphonic acid group may be similarly 
eliminate as in jS-naphthylamine-l;6:7-tri8ul- 
phonic acid which, when diazotised and treated 
with weak alkali, yields naphthylene-2-diazo-l- 
oxide-6:7-di8ulphonio acid (G.P. 141760; 

B.P. 16811, 20551 of 1901; 1561, 6615, 


23993 of 1902; 16995, 27372, of 1903; 4997 of 
1904). 

These replacements sometimes take place 
even when the diazo- solutions are diluted with 
water, or spontaneously when the diazonium 
base is present as the salt of a weak acid (acetate, 
oxalate, carbonate, etc.) (v. Orton, Proc. Roy. 
Soc. 1902, 71, 153; J.C.S. 1903, 83, 796; 1907, 
91, 1554; Noclting and Battogay, Ber. 1906, 89, 
79). 

^-Chlorobenzenediazonium thiocyanate 

CICgH^NaCNS 

undergoes a remarkable molecular transforma¬ 
tion when dissolved in alcohol containing a 
trace of hydrochloric acid. The thiocyanate 
and (dilorine radicals change places, and on 
adding ether to the solution, j9-thiocyanobenzene 
diazonium chloride is precipitated (Hantzsch, 
Ber. 1896, 29, 947). Similarly, 2:4:6-tribromo- 
benzenediazonium sulphate in presence of excess 
of potassium thiocyanate is converted into 
2:4;6-trithiocyanoberizenediazonium thiocyanate 
and many brominated diazonium chlorides pass 
into chlorinated diazonium bromides (Ber. 1897, 
30, 2334; 1898, 31, 1253; 1900, 33, 505; c/. 
J.C.S. 1902, 81, 1376). Tho last of these 
transformations has been studied quantitatively, 
and the following generalisations have been 
established: 

(i) Bromine atoms are replaced by chlorine 
only when present in the ortho- or para- position 
with respect to the diazonium group, those in 
ortho- positions being most readily removed. 
A bromine atom in the jmta- position is not 
affected. 

(ii) The ease of transformation increases with 
the number of bromine atoms present. 

(iii) The transformation constant, calculated 
I from the equation for a unimolecular reaction 

l/<(log A/A—x), increases with the tempera¬ 
ture and is also influenced by the solvent, 
having its minimum value in water, and 
becoming greater as the series of alcohols is 
ascended. 

(iv) Diazonium salts containing two bro¬ 
mine atoms are stable when dry, but are rapidly 
transformed in ethyl alcohol; 2:4;6-tribromo- 
benzenediazonium chloride becomes transformed 
in the dry state. 

These changes do not occur either with 
iodinated diazonium chlorides or with bromin¬ 
ated diazonium fluorides (Hantzsch, Ber. 1903, 
36, 2069). 

Stabilised Diazo- Compounds. —The techni¬ 
cal utility of stable diazo- compounds has led 
to many devices for preventing the decomposi¬ 
tion of the diazonium group which otherwise 
occurs on keeping the salts even at the ordinary 
temperature. When mixed with an equal weight 
of crystalline alum or aluminium sulphate about 
two-thirds dehydrated, diazo- compounds may 
be stored for long periods without deterioration. 
The diazo- derivative of the technically impor¬ 
tant 5-nitro-o-toluidine is stabilised by pre¬ 
cipitation as borofluoride (B.P. 316691). 

Diazonium borofluorides are rendered more 
stable by adding to the solid salt or to its 
solution an acid or an acid salt such as hydro¬ 
chloric acid, borofluoric acid, potassium tetroxa* 
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late, sodium hydrogen sulphate, or dibutyl- 
naphthalene-^-sulphonic acid (B.P. 317355). 
Stable diazonium raetallofluorides are obtained 
by interaction of diazo- solutions with titano- 
fluoric acid or the corresponding complex 
fluoro acids containing aluminium, stannic, 
antimonious, antimonic, or zinc fluorides. The 
products are isolated from concentrated solu¬ 
tions by strong cooling (B.P. 332227). The 
solubility of certain diazonium borofluorides is 
increased by addition of salts of metals of 
periodic groups I and III, such as alkali chlorides 
(including ammonium chloride), alum, or alumin¬ 
ium chloride, B.P. 332630. p-Chlorobenzenesul- 
phonic acid (or its salts) furnishes a stabilising 
anion when added to diazo- solutions derived 
from nitranilines, chloronitranilines, chloro- 
or nitrotoluidines, or any non-sulphonated 
derivative of those or similar bases. The pro¬ 
ducts are crystalline, water-soluble, stable 
diazonium yj-chlorobenzenesulphonates which 
may bo dried at moderate temperatures (B.P. 
265986, 273352). Aromatic diazo- compounds 
react with aldehyde-bisulphite derivatives of 
ammonia or amines to furnish soluble stable 
diazoamino- compounds of the general type 

ArN;NNRCHR'0S02Na. 

Those diazoamines regenerate diazo- salts by the 
action of mineral acids. Diazotised 5-nitro-o- 
toluidine coui)los with the formaldehyde-bisul¬ 
phite compound of ammonia, methylaminc, or 
dimethylamine. Such diazoamines are used in 
dyeing and in the protection of plants from 
insect pests (B.P. 309610). 

A preparation which will liberate a diazo¬ 
compound when dissolved in cold water is 
obtained on adding solid sodium nitrite to a 
mixture containing 1 mol. of an aromatic 
nitrobase (such as p-nitraniline) rather more 
than 1 mol. of sulphuric acid (or the equivalent 
proportions of the sulphate of the base and 
bisulphates) and a suitable diluent such as 
partly dehydrated aluminium sulphate or alum, 
arylsulphonates or mixtures of arylsulphonates 
and partly dehydrated alum. ISuch preparations 
are very stable, and diazotisation is effected on 
addition of water (G.P. 426033). j 

Moderately soluble diazonium fluorosul- 
phonates are obtained by interaction of diazo- j 
compounds and fluorosulphonic acid. These 
products are insensitive to shock and decom-1 
pose on heating without explosion ; they are 1 
used in dyeing and against insect pests (B.P. 
303627). I 

In the manufacture of soluble azo-dyes, 
diazonium salts are generally employed in 
aqueous solution, but solid diazo- compounds, in 
dry or paste form, have been introduced to 
enable dyers to prepare “ingrain ” azo- colours 
which are developed on the textile fibres. 

Aryl sulphonic acids have been employed 
in this stabilisation of diazo- process, including 
a- and )3-naphthalenesulphonic acids and 
naphthalene-l:6-di8ulphonio acid (Marriott, J. 
Soc. Dyers and Col. 1936, 52, 172). Anisole-p- 
sulphonio acid and acylaminobenzenesulphonio 
acid also give rise to stable diazonium salts. 
The diazonium salts of jS-naphthol-a-sulphonic 


acid behave in the peculiar manner indicated in 
the following diagram: 



The first change is effected under the influence 
of alkali when the hemiquinoiioid salt dissolves 
and the solution when acidified yields a pre¬ 
cipitate of the insoluble azo-jS-naphthol, the 
sulphonic group having been eliminated as 
bisulphite. If the Ar radical contains a nitro- 
group, as in the nitranilines, and if excess of 
alkali is used a deep-seated change occurs and 
a dihydrophthalazino is formed (Rowe and 
others*, J.C.S. 1931, 1965; 1933, 1067; 1935, 
1796). 

Dried mixtures of an aromatic primary amine, 
sodium nitrite and an acid salt give rise to diazo- 
compoimds on dissolving in water. A mixture 
of nitrite, /8-naphthol, and arylamine-formaldo- 
hydebisulphite Ar NH CH 2 *S 03 Na, give a 
clear solution in weak alkali, but when printed 
may be developed by acid treatment, which 
hydrolyses away the <a-8ulphonate group, the 
primary base, Ar-NHg, thus liberat/ed is 
diazotised in acid solution and couples with the 
naphthol. I.C.I. (B.P. 374497). 

Lioiit-Sisnsitive Diazo- Compounds. —The 
sensitivity to light of many diazo- compounds 
has led to various suggestions regarding the 
application of these compounds to photography. 

Diazosulphonates, made from diazonium 
salts and sodium sulphite, are incapable of 
coupling in alkaline solutions wdth phenols or 
aromatic diamines, but exposure to light removes 
this inhibition so that a coloured imago is pro¬ 
duced wherever light has acted. Feer, in 1889, 
suggested for this purpose an alkaline mixture 
of ditolylbisdiazosulphonate (derived from toU- 
dine) and resorcinol, a-naphthol, or m-phenylene- 
diamine. In 1890, Green, Cross and Bevan 
patented the primuline process based on the 
decomposition by light of the diazo- compound 
of primulin or other thioamines. Paper or linen 
impregnated with diazoprimuline or diazo- 
dehydrothio-p-toluidino was exposed to light, 
and subsequently immersed in a bath of a phenol 
or other coupling base. Resorcinol gives an 
orange tint, jS-naphthol a red, 2:4-tolylenedi- 
amine a reddish-brown, and a-naphthylamine a 
violet tint. Of other light-sensitive diazo- com¬ 
pounds may be mentioned o-diazosalicyhc acid, 
1 - diazo - 2 - oxynaphthalene - 4 - sulphonic acid. 
Ozalide papers, which have largely displaced blue¬ 
print paper, are based on the principle that a 
light-sensitive diazoanhydride may be mixed 
with a phenol or aromatic amine without coup¬ 
ling until the mixture is rendered slightly 
alkaline. On exposure to light the sensitive 
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diazoanhydride is decomposed except where it is 
protected. The paper base is then rendered 
alkaline by gaseous ammonia when coupling 
occurs between the undecomposed diazo* 
anhydride and the phenol or aromatic amine 
with formation of a coloured azo- compound. 

Stabilised diazonium salts, such as metallic 
double salts and borofluorides {see preceding 
section) from diazotised p-aminoalkylanilines 
and 2 )-aminodiphenylamine and its derivatives 
are employed in preparing diazotype paper. 
On exposure to light under a stencil the diazon¬ 
ium salt is destroyed in parts and the unchanged 
salt is coupled with phloroglucinol to obtain deep 
shades approaching black or with resorcinol to 
give brown tints (B.P. 281604, 234818, 443995; 
Chem. Age, 1936, 34, 198). 

Other diazotype papers contain both diazo -1 
compound and coupling component. The diazo¬ 
derivative is selected as one giving a diazo- oxide 
which in acid media is incapable of coupling 
with a phenol. l-l)iazo-2-naphthol-4-8ulphonic 
acid is an example of this group; it remains un¬ 
coupled with a phenol, especially if boric acid ora 
titanium salt is present. Exposed under a 
tracing the diazo- group is destroyed, and on 
bringing the paper into a warm ammoniacal 
atmosphere coupling occurs without addition 
of further reagents (B.P. 210826 ; G.P. 419978). 
Prints are also obtainable with a diazo- com¬ 
ponent alone, providing that this substance can 
couple with its decomposition product. The 
foregoing l-diazo-2-naphthoI sulphonic acid will 
do this, as will also diazotised o-aminosalicylic 
acid (G.P. 111416). Diazo- compounds have also 
been utilised in colour photography (Murray, 
Phot. J. 1933, April, and B.P. 363616). 

Constitution of Abomatio Diazonium Salts. 

Aromatic diazonium salts are generally 
soluble in water to a neutral solution, thus 
showing, by an absence of hydrolytic dissocia¬ 
tion, that the diazonium base is a stronger base 
than the aromatic amine from which it was 
derived. The strength of the diazonium base 
has been confirmed by physico-chemical 
measurements. 

Determinations of the electrical conductivity 
of solutions of benzenediazoniura chloride and 
nitrate show that the benzenediazonium radical 
is strictly comparable with other quaternary 
ammonium ions. The rate of migration of 
the benzenediazonium ion at 26° is 45-7, the 
corresponding constants for the methylpyri- 
dinium and tetramethylammonium ions being 
44‘3 and 43*6 respectively. The molecular 
electrical conductivity of solutions of diazonium 
salts increases with dilution, just as in the case 
of the corresponding potassium and ammonium 
compounds. 

The affinity constant of benzenediazonium 
hydroxide at 0° is 70 times greater than that of 
ammonium hydroxide, and somewhat exceeds 
that of piperidine. The affinity constants of 
jj-methoxybenzenediazonium and 0-oumidine- 
diazonium hydroxides are even greater, and 
approximate closely to those of the alkali 
hydroxides. A comparison of the electrical 
conductivity experiments, with the results ob¬ 


tained in the hydrolysis of ethyl acetate by 
benzenediazonium hydroxide, shows that in 
A/128 solutions at 0°, approximately 33% of 
the base exists in the ionised condition (Ber. 
1890, 28, 3220 ; 1896, 28, 1737 ; 1898, 81, 
1612). 

Benzenediazonium (Diazohenzene) behaves 
like an alkali or a complex ammonium cation. 

Benzenediazonium hydroxide (Diazo- 
benzene hydrate or hydroxide) is only known in 
solution, and is produced by treating aqueous 
benzenediazonium chloride with the calculated 
amount of silver oxide, or by adding barium 
hydroxide to a solution of benzenediazonium 
sulphate (Hantzsch, Ber. 1898, 81, 340). The 
solution is strongly alkaline, and gives at once an 
azo- compound with )S-naphthol ; the dissolved 
base decomposes, however, fairly rapidly even 
at 0°. 

The striking similarity in the physical and 
chemical properties of the diazonium and 
quaternary ammonium salts suggests the 
existence of quinquevalent nitrogen in the 
former compounds, and on these grounds the 
following formula, formerly proposed by Blom- 
strand (1869), Strecker (1871), and Erlenmeyor 
(1874), has now been generally adopted for 
benzenediazonium chloride and its homologues : 

CeH^-NV-CI 

N 

although, for many years, the alternative con¬ 
figuration, CgHj’N = N‘CI, suggested by Kekule, 
was usually employed. 

The close analogy existing between the 
diazonium and alkali salts is shown further by 
the facility with which both series yield double 
salts with cobaltic nitrite and with the chlorides 
of platinum, gold and mercury. Diazonium 
perhalides are also known, corresponding with 
the perhalides of potassium, rubidium, cepsium 
and quaternary ammonium bases (Hantzsch, 
Ber. 1895, 28, 1736. 2754). 

The benzonoid diazonium salts with colour¬ 
less anions (nitrates, sulphates, chlorides) are 
generally colourless, but the corresponding 
bromides, iodides and thiocyanates are coloured, 
and the deeper the colour the more explosive 
the salt. When cooled in liquid air, these 
coloured salts become less coloured ; moreover, 
their aqueous solutions are colourless. 

The development of colour and increase in 
explosibihty are considered by Hantzsch to 
indicate a change in constitution, the coloured 
substance being regarded as an equilibrium 
mixture of diazonium salt and syri-diazo- 
compound (v. infra). This equilibrium is dis¬ 
turbed in the sense of forming more of the colour¬ 
less diazonium salt by lowering the temperature 
or by dissolving the substance in water 
(Hantzsch, Ber. 1897, 83, 2179; 1900, 88, 2179; 
Euler, Ber. 1896, 31, 4168). But although in the 
benzene series the diazonium chlorides, nitrates 
and sulphates are colourless, yet in the diphenyl 
and naphthalene series many diazonium salts 
with these anions are coloured and comparatively 
stable. Moreover, this colour (yellow or orange) 
is retained either in aqueous solution or at Hie 
temperature of liquid air. Apart from their 
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colour, these salts have all the properties of the 
simpler diazoniura salts (neutral solutions, 
coupling with phenols, etc.). These facts 
indicate that increase in the complexity of the 
organic portion of the diazonium cation leads to 
the development of colour in normal diazonium 
salts. 

Stereoohemistky of Dtazo- Derivatives.— 
The stereochemistry of diazo- compounds advo¬ 
cated by Hantzsch, and accepted generally by 
workers in this field of organic chemistry, is 
based on the existence of two isomeric forms 
of aromatic diazooyanides, diazosulphonates 
and diazo-oxides. Of these two series the more 
stable anfi-diazo- compounds have frequently 
been prepared in a state of purity so that their 
existence has been confirmed by many analyses. 
The labile syw-diazo- compounds, on the other 
hand, are much less readily isolated, and 
analytical data in support of their existence as 
definite chemical entities are not always obtain¬ 
able, 4^-Araino-l-phenyl-6-methylbenzothiazole 
(dehydrothio-p-toluidine) was shown by its 
discoverer A. G. Green (1889) to give rise to a 
diazo-chloride quite stable in solution at the 
ordinary temperature. 

When suspended in absolute alcohol and 
diazotised with ethyl nitrite, the hydrochloride 
of the foregoing aminothiazole yields two 
isomeric compounds, an insoluble diazochloride 
and a soluble one precipitated by ether. 
l-phenyl-5-methylbenzothiazole-4'-diazocliloride 
decomposes at 139°, dissolves readily in water, 
couples immediately with alkaline a-naphthol, 
and evolves nitrogen with copper bronze, giving 
4'-chloro-l-phenyl-5-methylbonzothiazole. Anti- 
l-phenyl-5-methylbenzothiazole-4'-diazochloride 
decomposes at 270°, is insoluble in water, does 
not couple with alkaline )3-naphthol until after 
treatment with hydrochloric acid. With copper 
bronze and this acid it remained unchanged for 
several hours, but after a week yielded the 
ohloro-derivative. 

Ice-cold solutions of the 5y«-diazochloride 
when treated with sodium sulphite gave a sodium 
tfyw-l-phenyl-5-methylbenzothiazolo-4'-diazo8ul* 
phonate, a salt which couples with jS-naphthol. 
At the ordinary temperatures (about 20°) a 
non-coupling a/iii-diazosulphonate is obtamed. 
Similar experimental conditions lead to the for¬ 
mation of syn- and a»^t-l-phenyl-5-methyl- 
benzothiazole-4'-diazocyanide8. The fiy?i-diazo- 
cyanide is a brick-red product, very soluble in 
water and decomposes at 131°, it couples readily 
with alkaline )3-naphthol and readily loses nitro¬ 
gen with copper bronze. The a?i^i-aiazocyanide, 
a deep orange precipitate insoluble in water, 
melts at 176°, does not couple with alkalme 
j3-naphthol, and evolves nitrogen only very 
slowly with copper bronze. Accepting the 
stereochemical hypothesis these three pairs of 
syn- and o»fi-diazo- compounds may be thus 
represented : 


Syn- Series. (CN) 

(NaSO.) 





A7iti~ Series. (CN) 

(SOjNa) 

The solubility in water of the ^y/t-diazochloride 
and -diazocyanide suggests that these compounds 
pass readily into the diazonium condition, D 
being the thiazole radical (Morgan and Webster, 
J.C.S. 1921, 119, 1071). 


D—N 

II ^ 

Cl—N 


TD—N 




Cl 


In this benzothiazole series there was also 
qualitative evidence of the existence of syn- and 
aafi-diazo-oxides (diazotates). For the consti¬ 
tution of diazo-oxides (diazotates), see Angeli, 
Ber. 1926, 59 [B], 1400 ; Hantzsch, ibid. 
1929, 62, [B], 1235 ; Quilico, Gazzetta, 1931, 61, 
326. 

{Coloured diazonium saUs^ v. Hantzsch, Ber, 
1900, 33, 3183 ; 1901, 34, 4168 ; Annalen, 1900, 
312, 126 ; Cain, J.C.S. 1905, 87, 6 ; Morgan and 
others, ibid. 1907, 91, 1311, 1505 ; 1908, 93, 
614; 1909,95,1319.) 

The idea embodied in Blomstrand’s diazo¬ 
nium formula {v. supra) fails to express one 
important point, namely, the dependence of the 
stability of the diazo- comph^x on the presence of 
an unsaturated group. Yet this is a matter of 
fundamental importance, for hitherto no amine 
in which the basic nitrogen is attached to a 
fully saturated ring or complex has yielded a 
diazonium salt. 

Cain has suggested an alternative formula, 
(2), giving expression to this circumstance 
(J.C.S. 1907, 91, 1051), in which the diazonium 
salt is represented as having a ^ara-hemiquinon- 
oid constitution ; and this conception has 
been extended by Morgan {ibid. 1908, 93, 
617 ; 1910, 97, 2663) so as to include the equally 
admissible or^Ao-hemiquinonoid configurations 
(1) and (3) ; 



Euler has also advocated a parcr-herniquinonoid 
structure for diazonium salts (Ber. 1908, 41, 
3979). 


Non-aromatic Diazonium Salts. 

The foregoing hypotheses of the constitution 
of aromatic diazonium salts, which bases their 
existence on the unsaturated nature of the 
aromatic complex, accord with the fact that 
certain non-aromatic primary amines containing 
unsaturateil organic groups manifest, in some 
degree, the property of diazotisability. Among 
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these bases are aminotriazolo (I) and its deriva¬ 
tives, and aminoantipyrine (II) : 


>NHN N(CH3)N{CeH6)CO 

NH2-C4 II I I 

1. II. 

(Thiele and Manchot, Annalen, 1898, 808, 83 ; 
Knorr and Stolz, ibid, 1896, 298, 67 ; cf, Ber. 
1900, 83, 1158 ; 1906, 39, 2925 ; Annalen, 1900, 
812, 133). In addition to amino- derivatives of 
the pyrazolino group (Michaelis, Annalen, 1906, 
850, 288), the 4- and 6-amino derivatives of the 
pyrazole group give rise to remarkably stable 
diazonium salts (Morgan and Reilly, J.C.S. 
1914, 106, 436 ; Michaelis and others, Annalen, 
1911, 385, 1 ; 1916, 407, 229, 274; Mohr, J. pr. 
Chem. 1914, [ii], 90, 509). 2-Aminothiazole, a 
heterocyclic base containing sulphur and nitro¬ 
gen in the ring, furnishes diazonium salts of the 
oxyacids (Morgan and Morrow, J.C.S. 1915,107, 
1291). 

Pyrazole Series. —Among pyrazole bases the 
effect of orientation on the stability of the 
diazonium salts is well marked. 


NH—CMe NH 

CNHo 

/ 

N r-CMe 
I. 

When diazotised in the usual manner, 4-amino- 
3:6-dimethylpyrazole (I) yields the diazonium 
chloride (II) stable in either hot aqueous solu¬ 
tions or up to 160*^ in the dry state. When the 
diazo- group is in position 6 the product is 
much less stable, for l-phenyl-3-methyl-4-ethyl- 
pyrazole-5-diazonium chloride decomposes 
quickly even at room temperature. If the 
4-ethyl group is replaced by labile hydrogen as 
in l-phenyl-3-methyl-5-aminopyrazole hydro¬ 
chloride (III), then nitrous acid yields only 12% 
of diazonium salt (IV), the main product (88%) 


-CMe 

% 

CNjCI 

CMe 

II. 


PhN- 


-CNH3.HCI 



being the imino-oxime (V) (Mohr, J. pr. Chem. 
1914, 90, (ii), 609). 

i&o-Oxazole Series. —^3:6.Dimethylwooxazole 
has been converted into 4-nitro-3:6-dimethyl- 
tsooxazole, and the latter reduced by amalga¬ 
mated aluminium and moist ether to 4-amino- 
3:6-dimethyh>ooxazoIe (I), which diazotises to 
tbe very soluble diazonium chloride (II). This 
^^o- dej^hrative is less stable than the foregoing 
B:A'<Jw^^yilpyr®'^ole-4-diazonium chloride. 


O—CMe 


O—CMe 


% 



CN.CI-+ 


/ 


O—CMe 




N=CMe 


N = CMe 


/ 

N=CMe 


I. / 

II. \ 

III. 




O—CMe < 

D—CMe 

CMe —0 


! 

^ 1 

CNHNH, 

CN:NNHC 

/ 


\ 1 


N=CMe N = CMe CMe-N 


IV. 


V. 


3:5-Bimethyl-i«o-oxazole-4-diazonium chloride 
interacts readily with sodium azide or potassium 
iodide to yield respectively 4-triazo-3:6-di- 
methylwo-oxazole (III) and 4-iodo-3:6-di- 
methylwo-oxazole (III), pale yellow needles, 
m.p. 62-6-64®. On reduction this diazonium 
chloride gives a hydrazine (TV), and it couples 
with its parent base to furnish a colourless 
diazoamine (V) (Morgan and Burgess, J.C.S. 
1921, 119, 698, 1546). 

Distinct evidence of diazotisability has been 
adduced in the indole and pyrrole series (Angeli 
and d’Angelo, Atti R. Accad. Lincei, 1904, [v], 
13, i, 268 ; Angelico, ibid. 1906, [v], 14, ii, 167). 
It has also been shown (K. A. Ho&iann, Hock 
and Roth, Ber. 1910, 48, 682, 1087) that amino- 
guanidine gives rise to diazonium salts, derived, 
however, not from the salts of aminoguanidine 
itself, but from a more complex molecule con¬ 
taining two guanidine residues, and having a 
greater degree of unsaturation. The diazonium 
nitrate, for example, is represented by the 
formula ; 

N 03 'NaNHC(:NH)v 
NH. \n 

^C(NH,)NH—NHN^ 

containing a diazo- complex associated with an 
open chain having three unsaturated Unkings. 


II. Cyclic Diazo- Connpounds. 

In certain instances, the action of nitrous 
acid on substituted aromatic amines leads to the 
formation of compounds having their diazo- 
nitrogen in a cyclic complex, this result being 
due to the subsequent interaction of a sub¬ 
stituent group. 

1. Internal Diazonium Salts. 

Sulphonated amines of the benzene and 
naphthalene series furnish diazo- derivatives 
which are generally misnamed diazo-stUphonte 
acids. These compounds, however, do not 
contain ionic hydrogen, and are really internal 
diazonium salts ; No. 1, the so-called ** diazo- 
benzenesulphonic acidf' heiog ben^nediazonium- 
p-sidphonate, whilst No. 2 is naphthaiene-l- 
diazonium-b-sulphonate. 



ov-rg- 

(1) (2) 
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These internal diazonium sulphonates are of 
great technical importance in the manufacture of 
azo- dyes. They are prepared either by adding 
sodium nitrite to an acid suspension of the 
amino sulphonic acid or by acidifying a solution 
containing nitrite and the alkali salt of the 
aminoBulphonic acid (Rev. prod. chim. 1917, 
20 , 21 ). 

Of a similar nature are the cycbc diazo¬ 
derivatives obtained by diazotising aromatic 
aminocarboxylic acids (c/. Biilow and Haas, 
Ber. 1911,44,601), e.g. ** diazo-anthranilic acid ” 
or benzenediazonium-o-carboxylate 


4- 



which is employed in the production of methyl 
red (v. Chemical Anai.ysis, Acidimetry and 
Alkalimetry, Vol. IT, p. 641). 

These internal diazonium salts are now often 
formulated as polar substances, Formula (1) 
•f" ““ 

being modified as N 2 *CgH 4 -S 03 and the last- 
mentioned liiazonium carboxylate as shown in 
formula (3 a), 

2. Cyclic Diazo- Compounds due to 
Intebnal Condensation. 

Aromatic ortho- and peri-diamines do not 
yield diazonium salts except in special circum¬ 
stances (Schoutissen, J. Amer. Chem. Soc. 1935, 
55, 4635 ; Hodgson and Walker, J.C.S. 1935, 
630), inasmuch as their interaction with nitrous 
acid leads very readily to the formation of cyclic 
diazoimines {Azimino- compounds) 



(1) (2) 


Phenylene-o-diazoimine (1) {Aziminoben- 
zene) and naphthylene-1:8-diazoimine (2) 
{1:8-Azimino-napJUhalene) are typical members 
of this scries of diazo- compounds. 

The triazole rings thus set up are remarkably 
stable, and in the case of the ortho- derivatives 
(1) are not opened by mineral acids without 
complete rupture of the molecule. The ^ri- 
diazoimines (2) occupy a position intermemate 
between the ortho-diazoimines (1) and the para- 
diazoimines {v, infra). 

The 1:2- and 2:3-naphthylene-diamines furnish 
respectively 1:2- and 2:3-naphthylene-diazoimine3 
(1:2- and 2i8-azimino-naphthalenes). (Constitu¬ 
tion of ortho-diazoimines and their acyl- deriva¬ 
tives, Griess, Ber. 1882, 15, 2195; KekuI6, 
Lehrbuoh, ii, 739 ; Morgan and Godden, J.C.S. 
1910, 97, 2667 ; cf. Ber. 1874, 7, 316; 1876, 9, 
221 ; 1887, 20, 2999; 1894, 27, 874; Annalen, 
1889, 265, 344 ; J.C.S. 1906, 89, 4). Although 
Griess’s formulation for the azimino- compounds 
/Ns. 

I still persists in chemical 
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literature, it has been disproved completely, and 
that of Kekul^ substantiated by the preparation 
of three pairs of isomerides having respectively 
the following formulae, where R—acetyl, ben¬ 
zoyl, or benzenesulphonyl. 



This form of isomerism could not exist with 
Griess’s symmetrical configuration (Morgan, 
Micklethwait and Scharff, J.C.S. 1913, 108, 
1394; 1914, 105, 117). Although these diazo¬ 
imines do not couple with phenols and aromatic 
bases to form azo- dyes, yet employment has 
been found for them in the production of synthetic 
carbazole derivatives which are obtained on 
heating these cyclic diazo- compounds (Ullmann, 
Ber. 1898, 31, 1697 ; 1914, 47, 380). 

Similar stable cyclic diazo- compounds are 
obtained by diazotising the ortho-ammothio- 
phenols, o-phenylenediazosulphide being a 
colourless crystalline substance with a sweetish 
odour and feebly basic properties 



(Jacobson, Annalen, 1893, 277, 209, 218, 232, 
237). 


3. Cyclic Diazo- Compounds dub to Combined 
Internal Condensation and Salt Forma¬ 
tion. 


In this group are found certain diazo¬ 
derivatives of amines containing slightly acidio 
substituents in ortho- or para- but not meia- 
positions with respect to the aminio nitrogen. 

(i) Internal diazo-oxides are produced 
from ortho- and para- aminophenols and their 
derivatives. In some cases an intermediate 
diazonium salt is formed which condenses to the 
diazo-oxide on treatment with silver oxide or » 
an alkali (Schmitt, Ber. 1868, 1, 67 ; Hantzsch 
and Davidson, ibid. 1896, 29, 1622 ; Cameron, 
Amer. Chem. J, 1898, 20, 229). The first diazo¬ 
compound prepared by Griess (Annalen, 1858, 106, 
123), namely, dinitrobenzenediazo-oxlde, 


(N02)2Cj 




belongs to this class; it is 


produced by diazotising pioramic acid, and has 
been utilised in the production of azo- colours. 
The 1:2-, 2:1-, 2:3-, and l:8-amino-naphthols and 
their sulphonic acids similarly give rise to 
internal diazo-oxides which are so stable that 
they can be nitrated. These internal diazo- 
oxides are readily transformed into diazonium 
salts by mineral acids, and are therefore 
available in the production of azo- dyes. 

Internal diazo-oxides can also be produced 
by leaving the diazonium salts of highly sub¬ 
stituted amines {e.g, 2:4:6-triohloroaniline) in 
aqueous solutions containing no fre e minera l 
acid (Orton, Proc. Roy. Soc. 1903 ‘ 

J.C.S. 1903, 88, 796). 
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These diazo- derivatives have been formu- 
ated either as cyclic diazo-oxides (I) or as 
quinonediazides (II) : 


I. 


N 

II. 


(c/. Wolff, Annalen, 1900, 312,126 ; Morgan 
and Micklethwait, J.C.S. 1908, 93, 607). 

Repeated attempts to prepare internal diazo- 
oxides from m-aminophenol and its nitro- 
derivatives, which have been quite unsuccessful, 
strengthen the view that these diazo- derivatives 
are to be regarded as quinonediazo-oxides (II), 
with the reservation that similar compounds are 
producible from l:8-aminonaphthol, ‘ H acid,* 
and other peri- derivatives (Morgan and Porter, 
J.C.S. 1915, 107, 645). In the case of amino- 
phenolsulphonic acids the NH 2 :OH==l :2 com¬ 
pounds give these coloured o-quinonediazides; 
the NH 2 : 0 H = 1:4 compounds yield diazonium 
sulphonates changing to quinonediazides on 
partial neutrabsation ; the NH2:OH~l:3 com¬ 
pounds give rise only to diazonium sulphonates 
which lose diazo-nitrogen and furnish complex 
azo- derivatives on treatment with alkali (Mor¬ 
gan and Tomlins, J.C.S. 1917, 111, 497). 

Akomatio Diazo-oxides. — 2:4*i)initro-a- 
naphthylamine is a feeble base which is diazo- 
tised by adding nitrosyl sulphate (chamber 
crystals) or dry sodium nitrite to the base dis¬ 
solved in cold concentrated sulphuric acid, the 
solution being subsequently diluted with frag¬ 
ments of ice. The liquid is then poured into a 
large excess of ice-water, when a ciystalline 
brownish-yellow precipitate of 4-rutrouaphtha- j 
lene-l-diazo-2-oxide (I) is obtained. ! 


N-=N N---N 



This remarkably stable diazo-oxide couples only 
with the more reactive phenols such as resorcinol, 
phloroglucinol and l:3-dihydroxynaphthalene, 
and in these instances coupling occurs not only 
in alkaline solutions, but also, and with great 
facility, in presence of strong acids, for example, 
in glacial acetic acid containing concentrated 
mineral acid (Morgan and Evens, J.C.S. 1919, 
115, 1126). The technically important naph- 
thalenediazo-2-oxide-4-8ulphonic acid II forms 
an acidic brown copper compound which 
gives no precipitate with sodium hydroxide and 
a yellow solution with ammonia (Battegay and 
Schmidt, Bull. Soc. chim. 1927, (iv), 41, 205). 

For the diazotisation of aminophenols wUch 
are readily oxidised to quinones, nitrites are 
employed in presence of mineral acids and salts 
of copper, iron, zinc or similar metals. The 
resulting diazo- solutions may be used either for 
coupling to form azo- dyes or for displacement 
of the diazo- group by hydrogen, h^ogens or 
other substituents (G.P. 431513). 

Aminophenylarsine dichlorides and amino- 


phenylstibine dichlorides diazotise to yield com¬ 
pounds of the type ClaX'CgH 4 -NaCI (where 
X-As or Sb). The arsenical derivative on 
treatment with sodium hydrogen carbonate is 
converted into a p-phenylarsonio acid 

(I ; X=AsO OH) 


which on reduction with sulphur dioxide in 
presence of iodine yields p-phenylenechloro- 
arsine (I ; X=AsCI). 


hc5^|^^h 

I. 


o 



II. 


3-Araino-4-hydroxyphenylar8inio acid when 
similarly treated gives first the diazo- salt 
AsCl 2 *CgH 3 (OH)N 2 CI, which readily loses 
hydrogen chloride to pass into the arsenical 
quinonediazide (II) (Schmidt and Hoffmann, 
Ber. 1926, 58, [B], 555, 560). 

(ii) paroDiazoimines and dtazoimides. 
p-Diazoiminobenzene and derivatives.— 
The earliest known derivative of p-diazoimino- 
bonzene was obtained by the action of alkali on 
diazonium salts ofp-aminodiphenylamine (Ikuta, 
Annalen, 1888, 243, 282 ; Hantzsch, Ber. 1902, 
35, 895). 

The following alternative formulaj (III and 
IV) have been given to this product : 

C.H.NC.H.N. 


m. 


IV. 


corresponding respectively with the foregoing 
formulie (I and II) for the internal diazo-oxides. 
Successive nitration of the phenyl group 
gradually increases the stability of these p- 
diazoimines (Morgan and Micklethwait, J.C.S. 
1908, 93, 604). 

The arylsulphonyl derivatives, 


ArSOaN:CeH4:N2, 

were first discovered by Morgan and Mickle¬ 
thwait in 1905, and the simplest acyl derivative, 
formyl-p-diazoiminobenzene, was isolated by 
Morgan and Upton in 1917). 

The para-diazoimides are produced from the 
acyl- and arylsulphonyl- derivatives of the 
para-diamines, and similar products are obtained 
from the arylsulphonyl-l:8-naphthyleDedi- 
amines. The production of these diazoimides 
takes place in two stages, the diazonium salt 
first produced being decomposed by sodium 
acetate or mild alkali, yielding the internal 
condensation product : 

NaAc 

R'SOo NH C.H. N. Cl ^ R SO. N CeH4N, 

HCI »_ 

V. VI. 


These para-diazoimides (VI) are yelloWr 
sparingly soluble substances readily reconverted 
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by strong acids into the corresponding diazoniura 
salts. They combine additively with phenols, 
naphthols, naphthylamines and their sulphonic 
acids, yielding azo- colouring matters (Morgan 
and Micklethwait, J. Soo. Dyers and Col. 
1909, 25, 107 ; cf. J.C.S. 1905, 87, 74, 921, 
1302 ; 1906, 89, 1162 ; 1907, 91, 1509 ; 1908, 
98, 616; Badische Anilin- und Soda-Fabrik, 
G.P. 205037). 

The foregoing general reaction has been 
extended further by the device of diazotising 
with liquid nitrogen trioxide in an anhydrous 
solvent such as acetone. In this way the 
simplest members of the series Ac*N:CeH 4 :N 2 
have boon obtained containing formyl, acetyl, 
and benzoyl groups (Morgan, Upton, and 
Cleage, J.C.S. 1917, 111, 187 ; 1918, 113, 588. 

3-Aminocarbazole hydrochloride gives rise to 
a very stable yellow diazoniiim chloride 

which becomes anhydrous when stored in vacuo 
over sulphuric acid. With sodium azide it 
yields a colourless 3-triazooarbazole, m.p. 176- 
177°. 


NH 



IT. 


156°. Both the corresponding picrate and 
chromate explode at 160°. 


1> 

I 


N====N 


SbCl4 

0 

II 


Y 

HNH 


HNH 

” I. ~ 


II. 


In bright sunlight acetic anhydride converts the 
foregoing hydrochloride into p-acetamino- 
benzenediazonium chloride. 

Acetyl-m-phenylenediamine hydrochloride 
when diazotised and combined with antimony 
trichloride gives bia-m-acetaminobenzenediazo- 
nium hydrochloride-antimony trichloride, m.p. 
94°, which, unlike its para-isomeride, is decom¬ 
posed on warming with dilute acid, but when 
treated successively with cold water and chromic 
acid yields an explosive w-acetaminobenzene- 
diazonium chromate. There is no indication 
in this meta-series of the formation of a diazo- 
imine similar to the above compound (II) 
(J.C.S. 1926, 3174). 

III. Diazoamines, 

The diazoamines or diazoamino- compounds 
have the general formula XNgNHY, and may 
be either aromatic, mixed aroraatic-aUphatic, or 
aliphatic in character, according as to whether 
X and Y are aromatic or aliphatic hydrocarbon 
radicals. 


1. Aromatic Diazoamines. 


When oarbazole-3-diazonium chloride (I) is 
treated in the cold with ammonia in the absence 
of light, hydrogen chloride is removed and 
carbazole-3-diazoimine (II) is precipitated in 
bright orange-red needles darkening at 80-90° 
and exploding at 96°. This diazoimine is ex¬ 
tremely photo-sensitive and decomposes almost 
immediately in sunlight. It couples with 
phenols and reactive aromatic amines, and on 
addition of hydrochloric acid regenerates the 
diazonium chloride (I) (Morgan and Read, 
J.C.S. 1922, 121, 2711). 

In 1926 W. H. Gray obtained the hydro¬ 
chloride and double antimony chloride of p-diazo -1 
iminobenzene itself by the following series of 
reactions. 

The hydrochloride of acetyl-p-phenylenedi- 
amine was diazotised and treated with antimony 
trichloride when bis-p-acetaminobenzenediazo- 
nium chloride-antimony chloride separated as a 
yellow crystalline precipitate, m.p. 147°. When 
decomposed with water this double salt furnished 
p-aoetaminobenzenediazonium chloride, m.p. 
131°, which on hydrolysis with boiling dilute 
hydrochloric acid yielded jp-diazoiminobenzene- 
hydroohloride-antimony trichloride (I), decom¬ 
posing at 179°, and this double salt on treatment 
with water furnished p-diazoiminobenzene hydro- 
chloride (II), a yellow substance exploding at 


The aromatic diazoamincs are produced 
(1) by the action of nitrous acid (1 mol.) on 
two molecular proportions of a primary benze- 
noid amine ; (2) by coupling a diazonium salt 
with a primary or secondary benzenoid amine. 

Diazoaminobenzene, CgHg-Na-NH CgHj, 
yellow crystals, m.p. 98°, is produced in quantita¬ 
tive yield by dissolving 10 parts of aniline in two 
parts of water containing 12 parts of hydrogen 
chloride, diazotising with 8 parts of sodium 
nitrite, and adding the diazo- solution to a 
solution of 10 parts of aniUne in the calculated 
amount of hydrochloric acid. The diazoamine 
is precipitated on the addition of sodium 
acetate. (Absorption spectrum of diazoamino- 
benzene, Purvis, J.C.S. 1914, 105, 690.) 

When warmed with aniline containing aniline 
hydrochloride, diazoaminobenzene is trans¬ 
formed into p-aminoazobenzene, the velocity of 
transformation obeying the law of unimolecular 
reactions. When the transformation occurs 
below 40° a small proportion (about 4%) of 
o-aminoazobenzene is produced (F. H. Witt, 
Ber. 1912, 46, 2380 ; 1913, 46, 2657). 

Diazoaminobenzene is conveniently prepared 
in a state of purity by passing carbon dioxide 
into an aqueous alcoholic solution of aniline and 
sodium nitrite. The product recrystallised &om 
alkaline alcohol separates in lemon yellow 
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needles, ,m.p. 99*6~100°. Dilute acids cause a 
lowering of this melting-point. When the 
action of cold glacial acetic acid on diazoamino- 
bonzene is allowed to proceed until it is nearly 
all transformed into aminoazobenzene a non- 
basic product of this reaction is isolated on 
diluting the liquid with water, when a tarry mass 
is deposited from which by repeated crystallisa¬ 
tion a deep red substance, benzenediazoaminoazo- 
benzene, CeHgNj-CgH^NH N.-CeHg, is ob¬ 
tained (m.p. 119*5*), identical with the compound 
produced by coupling diazotised aminoazo- 
benzene and anUine. It is extremely difficult to 
separate this substance from diazoaminobenzene, 
and mixtures of the two substances which melt 
lower than either compound have in the past 
suggested the existence of an isomeric and more 
fusible diazoaminobenzene (Earl, J. Proo. Roy. 
Soc., New South Wales, 1930, 64, 97). Interest¬ 
ing observations on the transformation of diazo¬ 
aminobenzene into aminoazobenzene have also 
been made by Rosenhauer (Ber. 1928, 61, [B], 
392 ; 1930, [B], 1066 ; 1931, 64, [B], 1438), 


who holds that this transformation is due to 
primary fission into diazonium salt and aniline 
followed by nuclear coupling and not to isomeric 
change. The conversion is effected not only by 
glacial acetic acid, but also by dilute aqueous 
acetic acid or formic acid, never by quinoline 
and its hydrochloride. Benzenediazonium chlor¬ 
ide and aniline hydrochloride couple at 0° 
to give aminoazobenzene hydrochloride without 
intermediate formation of diazoaminobenzene. 
About 70% of aminoazobenzene is obtainable 
in acetic acid solution if 3-4 mols. of aniline are 
added. 


Dlazoamino-p-toluene, 


Pyrolysis of Diazoamino benzene and 
-p-toluene. —In 1892 Hirsch pyrolysed diazo¬ 
aminobenzene and obtained p-aminoazobenzene, 
diphenylamine, ortho- and para-aminodiphenyls 
(o- and p-xenylamines), aniline, benzene, and 
diphenyl with evolution of nitrogen. More 
recently azobenzene has been identified among 
these pyrolytic products. 

A quantitative study of the pyrolysis of 
diazoamino-p-toluene dissolved in p-toluidine at 
160° has shown that the more volatile products 
are nitrogen, ammonia, and toluene, whereas 
the less volatile products are azo-p-toluene, p- 
ditolylamino, 6-amino-3:6'-dimethylazobenzene 
and two isomeric aminoditolyls (16% yield). 
One isomeride obtained in very small amount 
has not been orientated ; the more plentiful 
isomeride is 4':5-dimethyl-2-xenylamine, the 
oily triazo- compound of which is converted 
pyrogenioally into 2:6-dimethyloarbazole 
(Morgan and Walls, J.C.S. 1930, 1602). 

2. ALEPIUTIO-AilOMATIO DiAZOAMINES. 

The diazoamines containing one aliphatic 
and one aromatic group can be produced by 
(1) coupling a diazonium salt with an aliphatic 
amine (Goldschmidt and Holm, Ber. 1888, 21, 
1016,1112 ; Goldsmidt and Badl, 1889,22. 938 ; 
Bamberger and Muller, ibid, 1302); (2) treating 
an azide with Grignard reagent: 

RN< II-f-R •MgBr->RN(MgBr) N:NR' 

H„0 

-RNH N:NR'4-MgBr‘OH 


C7H7N2NHC7H7, 

similarly prepared to diazoaminobenzene, under¬ 
goes transformation into an ortho-azo- compound, 
but the velocity of this change is only about 
one-ninth of that of the preceding transforma¬ 
tion to para-azo- derivative. 

The coupling of diazonium salts with meta- 
phenylenediamine, diphenylamine, the naphthyl- 
amines and their alkyl derivatives leads directly 
to the production of azo- derivatives ; in these 
cases, intermediate diazoamines have not been 
isolated, except when the reactive ortho- or 
para- positions are already substituted (Morgan, 
J.C.S. 1902, 81, 91 ; 1907, 91, 370). 

When an aromatic base, XNHj, is coupled 
with a diazonium salt, YNoCI, the resulting 
diazoamine is identical with that produced from 
XNjCI and YNH 2 , and is generally regarded as 
being an equilibrium mixture of the two iso- 
merides XNH-NjY and XNa-NHY. This ex¬ 
planation assumes the migration of the diazo- 
group which has been observed to occur in 
sevei^ instances (Griess, Ber. 1882, 15, 2190 ; 
Schraube and Fritsch, 1896, 29, 287 ; Hantzsch 
and F. M. Perkin, 1897, 80, 1412). 

(For the constitution of the unsymmetrical 
aromatic diazoamines, XNH'NaY, v, Meldola 
and Streatfeild, J.C.S. 1886, 49, 624 ; 1887, 
57, 102, 434 ; 1886, 58, 664 ; 1889, 55, 412 ; 
1890, 57, 786 ; cf, Forster and Garland, ibid, 
1909, 95, 2061.) 


I (Dimroth, Ber. 1903, 36, 909 ; 1906, 38, 670, 

I 2328 ; 1907, 40, 2390). Diazoamines present 
the possibility of stereoisomerism, but their 
relative stability and the fact that they couple 
only slowly with j5-naphthol confirm the view 
that they are generally a/iri-diazo- compounds. 

(For stereoisomeric diazoamines v. Orloff, J. 
Russ. Phys. Chem. Soc. 1906, 38, 678 ; Vaubel, 
Z. angew. Chem. 1900, 13, 762 ; 1902, 15, 
1209.) 

Aromatic bisdiazoamino- compounds, e,g, 
(CeH,.N2)2NCeH., have been obtained by the 
action of two molecular proportions of a diazonium 
salt on one of an aromatic amine (Hantzsch, 
Ber. 1894, 27, 1863; von Pechmann and 
Frobenius, 1896, 28, 170). 

Mixed aliphatic-aromatic bisdiazoamino- de¬ 
rivatives (v. Goldschmidt et al,, Ber. 1888, 21, 
1016 ; 1889, 22. 933 ; 1907, 40, 2390). 

Diazo-^lf-semicarbazines (r. Forster, J.C.S. 
1906, 89, 223). 

3. Aliphatic Diazoamines. 

Dimroth’s general method may be applied 
to the production of purely aliphatic diazo- 
ammo- compounds. In this way, the simplest 
member of the series, diazoaminomethane 
(dlmethyltrlazene), CHgN.N NH-CHj, has 
been prepared from methyl azide and magnesiiim 
methyl iodide. This substance, which is 
isolated by distilling its copper derivative with 
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diazoaminobenzene under reduced pressure, is a 
colourless liquid, solidifying at —12® and boiling 
at 92** (Dimroth, Ber. 1905, 88, 1676 ; 1906, 89, 
3906). 

IV. Blnuclear Diazo-oxides. 

When a diazonium salt couples with a phenol 
the product is generally an ortlio- or a para- 
hydroxyazo- compound (the C-azo- derivative), 
but in all probability, the O-azo- derivative is 
first produced, for in a few instances, when the 
velocity of transformation has been lessened by 
substitution, the intermediate O-azo- compound 
or diazo-oxide has been isolated. p-Brorao- 
benzenediazonium chloride and p-nitrophenol 
give p-bromobenzenediazo-4-oxynitrobenzene 

CeH^Br-NiNOCeH^NOg 

which, at 80°, becomes transformed into its 
isomeride, p-bromohenzene-2-azoA-nitrophenol 

CeH4BrN:N-CeH4(N02)0H 

(Dimroth and Hartmann, Ber. 1908, 41, 4027; 
Auwers, ibid. 4304). 

Occasionally traces of these intermediate 
diazoamines and diazo-oxides can be detected in 
the commercial azo- colouring matters (Vaubel, 
Z. Farben. Textil. Ind. 1902,1, 3). 

V. Metallic Derivatives of Diazo* 
Compounds. 

In 1894 Sohraube and Schmidt (Ber. 1894, 27, 
614) found that on adding a 10% solution of 
p-nitrobenzenediazonium chloride to 18% 
aqueous sodium hydroxide at 60-60°, a sodium 
diazo- derivative separated in yellow bronzy 
leaflets, to which they gave the formula 

NOgCflH^N NaNO,HaO, 

regarding the compound as the sodium deriva¬ 
tive of p-nitrophenylnitrosamine. This view of 
the constitution of the product was confirmed 
by the action on the compound of methyl iodide, 
when p-nitrophenylmethylnitrosamine, 

NOaCeH^N(CH8)NO, 

was obtained. 

This sodium salt, which was regarded by 
Hantzsch as having the constitution of an anti- : 
diazo- compound, sodium p-nitrobenzene- 
diazo-oxide (v. infra), has been manufactured 
for use in the production of “nitrosamine red” 
(Badiflohe Anilin- und Soda-Fabrik, G.P. 78874, 
80263, 81134, 81202). The addition of excess of 
mineral acid to this metallic diazo- derivative 
determines the regeneration of the original 
diazonium salt, but treatment with dilute acetic 
acid leads to the formation of a yellow product, 
p-nitrophenylnitrosamine, NOj'CqH^'NH*NO, a 
substance showing little tendency to couple with 
/3-naphthoL 

The silver derivative obtained from the 
foregoing sodium salt yields on methylation an 
oxygen ether N 0 j|*C 8 H 4 *N:N* 0 -CH 8 , a re¬ 
action suggesting the possibility of tautomeric 
change. In many instances two isomeric 
modmoations of these metallic diazo- derivatives 
have been isolated. 


Benzenediazonium chloride and cold concen¬ 
trated potassium hydroxide yield the normal 
labile form of potassium benzenediazo-oxide (I), 
which readily couples with /9-naphthol, The 
stable modification of potassium benzenediazo- 
oxide (II) is produced by heating the strongly 
alkaline solution of the normal or labile salt at 
130-140°; this isomeride couples only very 
slowly with j8-naphthol. 

According to Hantzsch, these isomerides have 
respectively the following formulse ; 

CeH,N 

KoJl tloK 

I. Si/n- (labile form). II. Anti- (stable form). 

Dobbio and Tinkler (J.C.S. 1906, 87, 273) have 
found, however, that these isomeric potassium 
salts have totally different ultra-violet absorption 
spectra. But as stereo-isomerides, like the 
benzaldoximes, have identical absorption spec¬ 
tra, it seems probable that the above isomeric 
salts are structurally dissimilar. Confirmation 
of the stereochemical theory would be obtained 
by isolating the aTi^i-diazohydroxide from the 
stable {anti-) potassium salt, but on treating this 
with an acid, the nitrosamine separates. More¬ 
over, the product supposed by Hantzsch and 
Pohl to be an aw^i-diazohydroxide (Ber. 1902, 
35, 2964) was shown by Orton to be a mixture of 
quinonediazide and a hydroxyazo- compound 
(Proo. Roy. Soc. 1903, 71, 163 ; J.C.S. 1903, 83, 
796). 

The existence of the syn- diazohydroxides is 
doubtful, and diazonium hydroxides (v. supra) 
are only known in solution. 

DIazo-anhydrIdes, RN:N*0'N:NR or 
RNONrNR 

, are very unstable explosive com- 

N 

pounds produced by the action of acetic acid on 
the metallic 5y/i-diazo-oxides. The anti-di&zo- 
oxides, when thus treated, give nitrosamines. 

Aromatic diazoic acids, Ar-NgOaH. Ben- 
zenediazoio acid, produced by oxidising potas¬ 
sium benzene^yndiazo-oxide or -wodiazo-oxide 
with potassium ferricyanide in alkaline solution, 
is obtained in sparingly soluble white leaflets 
(m.p. 46°) dissolving readily in organic solvents 
or alkalis. With mineral acids it is transformed 
into o- and p-nitroaniline, and with hypo¬ 
chlorites it yields 4-ohloro-2-nitroanmne. 
Its sodium salt gives the a- or N -ester, 
CgHg- N (C Hg)* N Oo, the silver salt furnishes the 
p- or O-ester, CgHg-NzNOO-CHg. Since the 
acid is also obtained by the action of nitrogen 
pentoxide on aniline it is probably a tautomeric 
substance : 

CeHgNHNOg^CeHgNrNOjH 

(Bamberger, Ber. 1893, 26, 471 ; 1894, 27, 359 
914, 684, 1273 ; Hantzsch, Ber. 1902, 35, 268). 

VI. Diazocyanides. 

The addition of the oalcxilated amount of 
potassium oyanide to a cold acid solution of a 
diazonium salt determines the formation of a 
sparingly soluble diazooyanide. In many 
instances, two modiflcations of the diazo- 
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cyanides can be distingxiished, and these varieties 
are regarded by Hantzsch as being stereoiso- 
merio forms. p-Chlorobenzenediazonium chlor¬ 
ide, from 2 )-chloranilme, yields below —6® the 
yellow labile syn-p-chlorobenzenedlazo- 
cyanide (I), which readily evolves nitrogen, 


CeH4CIN 

NC-N 

«yw-Dlazocyanide. 

I. 


CeH^CIN 

N-CN 

anfi-Diazocyanlde 

II. 


yields ^j-chlorobenzonitirile on treatment with 
copper powder, and readily passes into the stable 
aw<i-p-chlorobenzenediazocyanide (II). The 
latter substance, which is not affected by copper 
powder, may be distilled in steam without 
decomposition (Hantzsch and fcjchulzc, Ber. 
1895, 28, 666). 

Confirmation of this stereochemical theory 
of the constitution of the diazocyanides has 
been obtained by a study of the cyanides de¬ 
rived from p-metlioxybenzenediazonium chlor¬ 
ide. This salt with potassium cyanide in 
alcoholic solution yields the 5yw-diazocyanide 
(III), an orange-red insoluble substance (m.p. 
51°), which couples with j3-naphthol and slowly 
changes into the non-coupling aw^i-diazo- 
cyanide (IV), a brownish-red compound, melting 
at 121°. 


diazooyanides is structural, the syn- compounds 
being isooyanides R*N:N‘NC and their anti- 
isomerides, cyanides R*N:N*CN (Pechmann, 
Ber. 1896, 28, 861 ; Orton, J.C.S. 1903, 88, 
806). 


VII. Diazosulphonates. 

Although the stereochemical theory of the 
constitution of diazocyanides is supported by 
physical as well as chemical evidence, yet it is 
significant that the only other series of salts in 
which this isomerism has been detected is one 
derived from sulphurous acid, a substance 
resembling hydrocyanic acid in giving rise to 
organic isomeric derivatives which are structur¬ 
ally dissimilar. 

The diazosulphonates, prepared by adding 
potassium sulphite to aqueous solutions of 
benzenoid diazonium chlorides, frequently exist 
I in two differently coloured modifications, but in 
most cases the syn- isomoride is too unstable to 
bo isolated in a pure state. 

Potassium syn-2:4-diiodobenzenediazo- 
suiphonate (I) is an orange substance, whilst 
the anti- salt (II) is yellow ; 

CeHsl^N CeHgljjN 

KO3SN NSO3K 

I. II. 


MeOCeH^N MeOCeH^N 

NC-'iL ncn 

HI. IV. 

The existence of a third isomeric cyanide is 
indicated by evaporating at the ordinary tem¬ 
perature in the presence of excess of hydro¬ 
cyanic acid, an aqueous solution of p-methoxy- 
benzenediazonium hydroxide. The colourless 
crystalline product has the composition 

Me0CeH4N2CN,HCN,2H20 

and possesses all the properties of a tnie metallic 
salt ; it is very soluble, and its solution is an 
electrolyte. Moreover, this double salt couples 
with j3-naphthol and is converted by alkalis into 
the yellow syn-diazocyanide. These properties 
correspond with those of the normal diazonium 
salts, and the foregoing soluble cyanide is re¬ 
garded as having the following constitution : 

MeOCgH4NCN 

(Hantzsch, Ber. 1900, 33, 2161 ; Euler and 
Hantzsch, 1901,34,4166). 

The two pairs of diazocyanides from p- 
chloraniline and p-anisidine were examined 
spectroscopically by Dobbie and Tinkler, who 
found that each pair gave almost identical 
ultra-violet absorption spectra, whereas the 
above soluble diazonium cyanide gave an entirely 
different spectrum. These results are in accord¬ 
ance with Hantzsch’s view of the configuration 
of the diazo- and diazonium cyanides (J.C.S. 
1906, 87, 273). 

It has, however, been suggested by several 
workers in this field that the isomerism of the 


j The diazotised naphthylamines behave ex¬ 
ceptionally, yielding only syw-diazosulphonates, 
which, on warming, pass, not into their arUi- 
isomerides, but into the corresponding azo¬ 
naphthalenes (Hantzsch and Schmiedel, Ber. 
1897, 30, 71). 

The syn- and anti- modifications of potass! u m 
benzenedlazosulphonate, CgH 5 N;N'S 03 K, 
were found by Dobbie and Tinkler (l.c.) to have 
identical ultra-violet absorption spectra. This 
fact supports the stereochemical theory of their 
structures (cf. Hantzsch, Ber. 1894,27,1726,2099, 
2586; Bamberger, 2930,3527 ; Bamberger, 
Ber. 1895, 28, 225, 444, 826 ; Pechmann, ibid. 
861 ; Claus, J. pr. Chem. 1894, [ii], 50, 239 ; 
Meyer and Jacobsen, Lehrbuch der Org. Chem. 
1902, ii, 303). 


VIII. Aliphatic Diazo- Compounds. 


The amines of the aliphatic series, when 
treated with nitrous acid, generally lose their 
basic nitrogen, the amino- group becoming re¬ 
placed by hydroxyl. In some cases, however, 
the nitrogen is retained and an aliphatic diazo¬ 
compound is produced, having the general 

formula RHC<r || with the azo-group attached 


entirely to the same carbon atom. 

An alternative formulation has been suggested 
for the aliphatic diazo- compounds in which 
one nitrogen is quinquevalent, so that the general 
formula becomes :>-C:NiN (Thiele, Ber, 
1911, 44, 2522 ; Forster and Cardwell, J.C.S. 
1913, 108, 861 ; c/. Ber. 1912, 45, 1664 ; 1916, 
48, 1884. 

Although glycine is converted by nitrous 
acid or alkyl nitrites into glycollio acid, yet its 
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ethyl ester gives rise to ethyl diazoacetate, 
N-rCH COa CgHg, a yellow liquid freezing at 
—22° and boiling at 143~144°/721 mm. (Curtius, 
Ber. 1883,16, 2230). 

One kg. of ethyl aminoacetate hydrochloride 
and 760 g. of sodium nitrite are added successively 
to 2 litres of water containing 6 g. of sodium 
acetate. The mixture is shaken until the tem¬ 
perature falls to 0° ; 5 c.c. of 10% sulphuric 
acid and 500 c.c. of ether are added and the 
liquids thoroughly agitated. The ethereal layer 
is separated and the treatment with dilute acid 
and ether repeated until red fumes are evolved. 
The ethereal extracts are washed with dilute 
aqueous sodium carbonate till alkaline, dried with 
calcium chloride, and the solvent removed on the 
water-bath. The yield of ethyl diazoacetate is 
94*7% of the calculated quantity (Silberrad, 
J.C.S. 1902, 81, 600). 

With iodine, ethyl diazoacetate yields 
diiodoacetic acid, and with aldehydes it con¬ 
denses to form ketonic esters : 

RCHO+NniCHCOoCaHs 

->RC0CH2C02C2H6 

One of the most remarkable reactions of this 
diazo- ester is its condensation with benzene and 
its homologues, giving rise to a series of esters 
containing seven-membered hydrocarbon rings 
(Buchner, Ber. 1896-1903, 29 , 106 ; 30 , 632, 
1949 ; 31 , 399, 402, 2004, 2241, 2247 ; 32 , 705 ; 
88, 184 ; 86 , 3509 ; Annalen, 1908, 358 , 1). 

Ethyl diazoacetate when heated with alkalis 
undergoes a series of complex polymeric changes 
(Curtius, Ber. 1886, 18 , 1283 ; 1906, 39 , 1383, 
3398, 4140 ; 1907, 40 , 84, 815, 1176, 1194, 1470; 
1908, 41 , 3116, 3140, 3161 ; J. pr. Chom. 1888, 
[iij, 88, 408 ; Hantzsch, Ber. 1900, 33 , 58 ; r/. 
Silberrad, J.C.S. 1902, 81 , 698). 

Diazo- derivatives are not obtained from 
free a-amino-carboxylic acids, and only from 
those amino-esters of aliphatic acids containing 
the amino- group in the a-position with respect 
to the alkylated carboxyl group. The esters of 
those polypeptides which contain the amino- 
group in the a-position to a carbimino group can 
also bo transformed into diazo- derivatives. 

NHaCHjCONHCHjCOjEt 

NjiCH CO NH CHa-COaEt 

The a-aminokotones (e.g. a-aminoacetophenone 
CgHj-CO-CHj'NHg) give diazo- compounds 
(Angeli, Ber. 1904, 37, 2080), and so also do 
certain uric acid compounds, e.g. aminomethyl- 
uracil. 

Diazomethane,CH2<^II orCHgiN IN, the 

simplest aliphatic diazo- compound, is prepared 
by adding methyl-alcoholic potassium hydroxide 
to an ethereal solution of nitrosomethylurethane, 

C 2 H 50 C 0 N(CH 3 )N 0 , 

and distilling the mixture on the water-bath, 
when the distillate consists of an ethereal solu¬ 
tion of the diazo- compound, the yield being 
60% of the calculated quantity. This sub¬ 
stance is also produced by the action of hydroxyl- 
amine on methyldichloramine: 

CH»NCIa+H8N0H-CH2:N24-H20-h2HCI 


Diazomethano is a poisonous yellow gas 
condensing to a yellow liquid boiling at -24° to 
-23° and solidifying in pale yellow crystals 
melting at -146°. It is a powerful methylating 
agent, converting hydroxyl groups into 
methoxyl, and alkylating primaiy and secondary 
bases. With iodine, diazomethane gives nitrogen 
and methylene iodide, and aldehydes are con¬ 
verted into methyl ketones (c/. Meyer, Monatsh. 
1905, 26, 1295, Isil ; Acree, Johnson, Brunei, 
Shadinger and Nirdlinger, Ber. 1908, 41, 3199; 
Schlotterbeck, Ber. 1907, 40, 479; 1909, 42, 
2559 ; Forster and Holmes, J.C.S. 1908, 93, 
242). 

Diazomethane combines additively with un¬ 
saturated compounds ; with acetylene it gives 
pyrazole (von Pechmann, Ber. 1898, 31, 2950), 
and with ethyl fumarate it furnishes ethyl pyra- 
zolinecarboxylate. 

Diazomothane reacts with certain aldehydes, 
forming methyl ketones: 

R CHO+CHgNg - R CO CH3+N2 

There is an alternative reaction exhibited by 
those aldehydes which show a tendency to form 
hydrates. When such aldehydes react with 
diazomethane, substituted ethylene oxides are 
formed. jp-Nitrobenzaldehyde gives a mixture 
of p-nitroacetophenone and p-nitrophenyl- 
ethylene oxide, 

NOgCeH^CHCHa 

\,/ 

o 

Similarly chloral is converted into 

aaa-trichloropropyleno-8y-oxide, CCL-CH-CH. 

x/- 

o 

(Arndt and Eistort, Ber. 1928, 61, [B], 1118, 
with Amende, ibid. 1949). 

A similar process occurs when acid chlorides 
treated with diazomethane yield either diazo¬ 
ketones or chloroketones. In the former alter¬ 
native the acid chloride (1 mol.) is added to an 
ethereal solution of diazomethaiie (2 mols.); 

R COCI-f CH2N2-R CO'CHNg+HCI 

The hydrogen chloride liberated decomposes any 
excess of diazomothane ; it also attacks the 
diazoketono so that the corresponding chloro- 
ketone may be prepared by the following re¬ 
action : 


R CO CHNj^ HCl-R CO CHjCl fNj 

(Bradley and Robinson, J.C.S. 1928, 1310, 
1646, 2904 ; Arndt and Amende, Bor. 1928, 61, 
[B], 1122). 

Although for some time open-chain formulas 
have been adopted for aliphatic diazo- compounds 
RgC=N N and azides R- N N N, there is 
no really convincing evidence for these formula¬ 
tions. An examination of the electron-diffrac¬ 
tion pattern of the vapour of diazomothane 
suggests that the compound is in resonance 

between the two phases H 2 C = N = N and 

HjC—N=N. Azomethane when similarly 
examined indicates the conventional formula 
CHg-N —N-CHj, but with methyl groups in 
the trans- positions (Boersoh, Monatsh. 1935, 
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66 , 311). DeterminationB of the parachors of 
certain azides made by Lindemann and Thiele 
(Ber. 1928, 61 , [B], 1&9) are in favour of the 
cyclic arrangement, as is also the evidence 
derived from dipole moments. 

IPHnrther support for the older cyclic formulae 


for aliphatic diazo- compounds RjC 




and 


/N 

azides RNv || is obtained from consideration of 

the boiling-points of many of these derivatives, 
which, if cyclic, should approximate to the 
boiling-points of the corresponding halides, 
whereas an open-chain structure woidd require 
boiling-points near those of the nitro-oompounds. 
Actually the boiling-points of the azides lie near 
those of the bromides or between these and the 
boiling-points of the iodides {cf. Forster and 
Newman, J.C.S. 1910, 97, 2672), whereas the 
boiling-points of the aliphatic diazo- compounds 
lie very near to those of the chlorides ,* those of 
the nitro- compounds are always much higher 
(Sidgwick, J.C.S. 1929, 1108 ; Hantzsch, Ber. 
1933, 66 , [B], 1349). 

Diazoethane, CHg-CHiNg, and phenyl- 
diazomethane, CgHg-CHiNj, have both been 
prepared (Hantzsch and Lehmann, Ber. 1902, 
85, 897). The former closely resembles diazo¬ 
methane, the latter is a dark-red oil. 

Substitution increases considerably the 
colour of these diazo- derivatives ; dimethyl- 
diazomethane, C(CH 3 ) 2 :N 2 ,i 8 red and diphenyl- 
diazomethane is obtained in bluish-red needles 
melting at 20® (Staudinger, Ber. 1916, 49, 1884). | 

Diazomethane should not be confused with 
azomethane, CH 3 ’N:H'CH 3 , the simplest azo- 
compoimd, which is produced by oxidising 
symmetrical dimethylhydrazine (hydrazome- 
thane) with chromic acid (Thiele, Ber. 1909, 42, 
2576). Azomethane is a colourless gas con¬ 
densing to a pale yellow liquid (b.p. 1 ’ 6 °). 

Diazomethanedisulphonic acid, a note¬ 
worthy example of an aliphatic diazo- compound, 
results from the interaction of potassium cyanide 
and potassium bisulphite in presence of caustic 
potash. The solution, acidified and treated with 
nitrous acid, yields successively aminomethane- 
disulphonio acid and the diazo- compound. 
Sulphurous acid and diazomethanedisulphonic 
acid yield an additive compound which, on 
boiling, furnishes hydrazine (von Pochmann, Ber. 
1896, 28, 2374 ; 1896, 29, 2161). 

Diazoacetone, CHgCOCH.-Ng, a pale 
y^ow liquid, is obtained from aminoacetyl- 
aoetone by converting this base into diazoacetyl- 
acetone anhydride and treating this product 
with aqueous caustic alkaU (WolfiF, Annalen, 
1912, 894, 23). 

Metallic diazo- derivatives of the ali¬ 
phatic series are produced by treating nitroso- 
alkyl urethanes with concentrated caustic potash 
solution or ethereal potassium ethoxide. Potas- 
sfum methyidiazo-oxide. 


CH3N:N0K,H20, 

separates in white crystals, when nitrosomethyl- 
urethane is added to concentrated aqueous 
caustic potash at 0®. Potassium benzyl- 


diazo-oxlde, C3H3CHaN:NOK,HaO, is 
similarly prepared from nitrosobenzylurethane. 
These metallic derivatives are very unstable ; 
they are decomposed by water with explosive 
violence, yielding respectively diazomethane 
and phenyldiazomethane (Hantzsch and Leh¬ 
mann, Ber. 1902, 86, 897). 

Bibliography. —Hantzsch, “Die Diazoverbm- 
dungen, Ahren’s Sammlung, Chemischer und 
Chemisch-technischer Vortrage,*’ 1902 ; Morgan, 
“ Our Present Knowledge of Aromatic Diazo- 
Compounds,” Brit. Assoc. Report, 1902 ; Eibner, 
“ Zur Geschichte der Aromatischen Diazoverbin- 
dungen,” 1903 ; Cain, “ The Chemistry and 
Technology of the Diazo- Compounds,’’ 1920 ; 
Saunders, “ The Aromatic Diazo- Compounds 
and their Technical Applications,’’ 1936. 

G. T. M. 

DIAZODINITROPHENOL (4:6-di- 
nitro-2-diazophenol). This example of the 
non-metaUic explosive primer has been patented 
by W. M. Dehn (U.S.P. 1404687), who claimed 
that it is suitable for general priming purposes, 
especially where fouling and amalgamation with 
metals are to be avoided. It is stated to 
bo non-hygro8Copic and can be stored under 
water at ordinary temperatures for months 
without undergoing any appreciable change. 
It is stable in contact with cold mineral acids 
but is decomposed by alkalis. Diazodinitro- 
phenol can be safely and strongly compressed 
without its explosive power being impaired. 
When heated above 160°C., it explodes violently, 
but if finely divided and wetted with water it 
cannot be detonated by means of a No. 8 cap, 
Diazodinitrophenol is more powerful than 
fulminate of mercury and when mixed with 
potassium chlorate in suitable proportions 
exhibits about 40% more energy on detonation 
than the most efficient mixtures of fulminate and 
chlorate. 

H S 

DI AZOTYPE PAPER v. Diazo- Com¬ 
pounds (this vol. p. 690a). 

o-o'-DIBENZIL, 

PhCO CO CeH^ CeH^ CO COPh, 

for method of preparation, see Zincke and 
Tropp (Annalen, 1908, 363, 302). 

DIBROM IN, 5:5-dibromodiaUylbarbituric 
acid (v. Barbituric Acid, Vol. I, p. 623). 

DICARBOXYLIC ACIDS, Higher Ali¬ 
phatic. There are three general synthetic pro¬ 
cesses for the production of these compounds : 

(i) The electrolysis of the potassium salts of 
the half-esters of lower dicarboxylio acids : 

2CO2EHCH2VCO3K 

-^COjEtlCHjVCOaEt 
(Crum Brown and Walker, Annalen, 1891, 261 , 
123 ; Walker and Lumsden, J.C?.S. 1901, 79, 
1200 ; Carmichael, ibid. 1922, 121 , 2645 ; 
Fairwoather, Proc. Roy. Soc. Edin. 1926, 46, 
71). 

(ii) Condensation of the appropriate dihalide 
with potassium cyanide, followed by hydrolysis : 

KCN 

Br[CHa]nBr -► CN[CHj]nCN 

hydrol. 

—► COaH-CCHaln-COaH 
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(von Braun, Ber. 1909, 42, 4550 ; von Braun 
and Danziger, ibid. 1912, 45, 1976). 

(iii) Condensation of the appropriate dihalide 
with ethyl sodiomalonate, followed by hydrolysis 
and decarboxylation, e.g. : 

Br[CHJn-Br 

-(COjEt),-CH'[CHj]nCH(COjEt)j 

-► COjH[CHj,]n+2COjH 

(Franke and Hankam, Monatsh. 1910, 81,188 ; 
Chuit, Helv. Chim. Acta, 1926, 9, 264 ; 1927,10, 
167). 

The dilialides necessary for procedures (ii) and 
(iii) may be obtained from a lower dibasic acid 
by the following series of operations : 

COsEt-LCHJnCOaEt 

reduction 

-OHCHjCCHjVCHjOH 

Br[CH,]„+,Br 

If desired, two more methylene groups may be 
introduced into the chain, thus : 

Mg 

BrfCHJn-Br-BrMg[CHJnMgBr 

I CHaCI-OMe 

MeOCHaiCHalnCHgOMe 

I 

Br[CH2]n+2'^^ 

(Chuit, I.C.). 

Certain of these acids occur naturally ; thus, 
f;etradecane-l:14-dicarboxylic acid (thapsic? 
acid), C 02 H‘[CH 2 ]i 4 -C 02 H, occurs, in com¬ 
bination, in the roots of Thapsia garganica L. 
(Canzoneri, Gazzetta, 1883, 13, 614) and as a 
glyceride in the wax of Juniperus Sabina 
(Bougault, Compt. rend. 1910, 150, 876), 
and heptadecane-l:17-, ootadecane-l:18-, and 
nonadecane-l:19- dicarboxylic acids as gly¬ 
cerides in Japan wax (Geitel and van der Want, 
J. pr. Chem. 1900, [ii], 61, 163 ; Schaal, Ber. 
1907, 40, 4786 ; Ruzicka, Stoll and Schinz, 
Helv. Chim. Acta, 1928,11, 670). 

The chief interest of these compounds lies, 
however, in their conversion into ketones by 
distillation of their thorium salts ; the large-ring 
ketones so obtained are useful in perfumery as 
fixatives, cycZopentadecanone {exaltone) being 
particularly v^uable in this respect. For a 
general review of this subject, see Ruzicka, 
Chem. and Ind. 1936, 54, 2. 

The melting-points of the best-known straight- 
chain higher dicarboxylic acids, 

COjH-ECHalaCOaH, j 

are given in the following table: 


n. 

9 

10 11 

12 

13 

14 

16 

16 

m.p.! 

110°128°113° 

126° 

116° 

124° 

118° 

126° 

n. 

17 

19 

20 

21 

24 

28 

32 

m.p. 

119° 

112° 

124° 

118° 

124° 

o 

CO 

o 

CO 

i**4 







H. 
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DICENTRINE, C 2 oHai 04 N, an alkaloid 
occurring in various Dicentra species, first 
isolated by Heyl from D.formosa (0*1%) (Arch. 


Pharm. 1903,241, 313), later by Asahina from D. 
pusilla (0*14-0*36%) and D. spectabilis (Arch. 
Pharm. 1909, 247, 201) and by Manske from Z>. 
oregana and D. eximia (0‘31%) (Canad. J. Res. 
1933,8,592 ; 1934,10, 765). It crystallises from 
Et20,EtOH or CHg-COjEt in prisms, m.p. 
168-169°, [aJu -f62-l° (in chloroform). The 
salts are well crystallised, characteristic is 
dioentrine-methine, m.p. 168-169° (Manske l.c. ; 
Ghose, Krishna, and Schlittler, Helv. Chim. 
Acta, 1934, 17, 919). Absorption 8pect<rum» see 
Girardet (J.C.S. 1931, 2630) and Kitasato (A. 
1927, 1094). Gadamer, for theoretical reasons, 
assigned the following constitution to dicentrine 
(Arch. Pharm. 1911, 249, 698)— 



1/ 

CHg 


Dicentrine. 

1 

I which was found to be correct by synthesis 
(Haworth, Perkin and Rankin, J.C.S. 1925, 2018; 
1926, 29). 

Osada (Amer. Chem. Abstr. 1928, 22, 3664) 
by splitting oft' from dicentrine the methylene- 
dioxy- group with pliloroglucinol-H 2 S 04 and 
completely methylating the phenolic base ob¬ 
tained glaucine. Dicentrine was obtained by 
methylating the phenolic alkaloid actino- 
daphnine (Ghose, Krishna, and Schlittler, l.c,). 

According to Iwakawa (Arch. exp. Path. 
Pharm. 1911, 64, 369) dicentrine in small 
doses produces narcosis, in large doses it causes 
convulsions, attacks the heart, and paralyses the 
respiratory centres. 

Schl. 

DIC H LOR A MIN E T, toluene-p-sulphondi- 
chloramide, CaH 4 Me-S 02 *NCl 2 , is produced 
by treating toluene with chlorsulphonic acid, 
converting the sulphonio chloride thus obtained 
into the amide which is then chlorinated {see 
T. Aldoschin, G. Chimici, 1934, 28, 87). Under 
many trade names it is now of great importance 
in many fields, e.g. as a disinfectant (R. Dietzel, 
Arch. Pharm. 1928, 266, 123 ; D.R.P. 401011 ; 
Dan. P. 49704, etc.), as a bleaching agent in the 
textile industry (H. Tatu, Rev. gen. Teinture, 
1933, 11, 883), as a disinfectant for agricultural 
purposes (U.S.P. 2002689), as an oxidising and 
chlorinating agent (A. Bradfield, J.C.S. 1928, 
782 ; J. Koetschet, Helv. Chim. Acta, 1930,18, 
587 ; G. Scliiemann, Z. angew. Chem. 1927, 40, 
1032), etc. 

2:6-DICHLOROANILINE, 



is prepared by reducing the corresponding nitro¬ 
compound with tin and acid (Jungfleisch, Ann. 
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China. 1868, [iv], 15, 259) with nickel and 
hydrogen (F.P. 621434) or by chlorination and 
subsequent hydrolysis of 3 -chloroacetanilide 
(Beilstein and Kurbatow, Annalen, 1879, 196, 
215, 220). For preparation, see M. Kohn and 
S. Fink, Monatsh. 1931, 58, 73). 

2:5-Dichloroaniline has m.p. 50°, b.p. 250°. It 
undergoes the normal Skraup reaction to give 
5:8-dichloroquinoline (F.P. 727528), but is more 
valuable as the first component of a variety of 
azo- dyestuffs (G.P. 112820, 193211, 251843, 
256999; B.P. 329353, etc.), and others which, 
whilst not true azo- dyestuffs, yet employ 2:5- 
dichlorodiazobenzene salts as intermediates 
(G.P. 460087, B.P. 314899). It yields 2:5- 
dichloroaniline-i-sulphonic acid on sulphonation 
with fuming sulphuric acid at 170-180°, 
this is oxidised by potassium dichromate to 
2:5-dichloroquinone (Noelting and Kopp, Ber. 
1905, 38, 3513), and on diazotisation affords the 
diazoanhydride (Battegay, Ber. 1906, 39, 84), 
which yields azo- dyestuffs (G.P. 222991, 268509, 
273934). 

DICHROITE, a silicate of aluminium and 
magnesium with some ferrous iron replacing 
magnesium. 

DICINCHONICINE (DICINCHO¬ 
NINE) V. Cinchona Alkaloids, this vol. 
p. 161d. 

DI - CIT U RIN . Trade name for the mono¬ 
potassium salt of diacetylcitric acid {Paynes and 
ByrnSt London)^ B.P.C. 1934. 

DICKITE. A crystallised clay mineral, 
differing slightly from kaolinite in 
its optical characters and X»ray pattern. 
The minute crystals from Almwch in Anglesey 
were first described as kaolinite by A. B. Dick in 
1888. 

L. J. S. 

DICONQUININE v. Cinchona Alka¬ 
loids, this vol., p. 162a. 

DICROTYL, ^^^’Octadiene, v. Butadienes 
AND Polyolefins (non-conjugated). 

piCTAMNINE, CiaHgOjN, occurs in 
DictammLS alhus (white dittany; Fr. dictame 
hlanc, Ger. Weisser Diptam), which belongs to 
the Rutaceae. It was first isolated by Thoms 
(Ber. Deut. pharm. Ges. 1923, 33, 68 ; Arch. 
Pharm. 1930, 268, 39) (yield 0-3%), and later by 
Asahina, Ohta and Inubuse (Ber. 1930, 63, [B], 
2045) from Skimmia repens Nakai (yield 
0-2%). For extraction, see Asahina et at. (Lc,). 

It forms colourless prisms, m.p. 132-133°, 
and is an optically inactive, unsaturated weak 
base, insol. HgO, sol. warm EtOH and CHCI3, 
less in Et 20 and CH 3 *C 02 Et ; yields sparingly 
soluble chromate, picronolate m.p. 178°, chloro- 
aurate, chJoroplatinate, and picrate m.p. 163°. 
The hydrochloride, m.p. 170° (decomp.), 
hydrolyses in hot HgO and the free base 
separates. 

When treated with methyliodide in a sealed 
tube, dictamnine (I) is converted into iso- 
diotamnine (II), which contains -NMe instead 
of -OMe, a reaction characteristic of a- and 
y-methoxyquinolines. By oxidation and decar¬ 
boxylation Asahina et al, {lx.) finally obtained 
2;4-dihydroxyquinoline, which makes the follow¬ 
ing formulse probable: 



CO 

'^CH—CH 

I JcH Jh 


II. 


An isomeric p^ewdo-dictamnine was synthesised 
by Asahina and Inubuse (Ber. 1932, 65, [B], 61). 
For physiological action of dictamnine, see Thoms 
and Asahina. 

Thoms (A. 1930, 383) further isolated from 
D. alhus : dictamnolactonCt m.p. 

279-280°; fraxinellone^ Ci 4 ^i 608 » *^*P* 117°, 
[«]» —38-39° ; trigonelline and choline. For 
dictamnic acid and dictamnal, see Asahina et al, 
{lx.). Skimmianine^ Ci 4 H„ 0 ,N, was isolated 
from the leaves of S. japonica Thunb. (yield 
0-06%) by Honda (Arch. exp. Path. Pharm. 1904, 
52, 68 ). The close relationship to dictamnine was 
suggested by the great similarity of the absorp¬ 
tion spectra. The alkaloid, a weak base, 
crystallises in prisms, m.p. 176°, salts hydrolyse 
in HgO, picrate, m.p. 195-197° (decomp.). It 
contains three OMe groups and, like dictam¬ 
nine, is converted by methyliodide into woskim- 
mianine. Asahina and Inubuse (Ber, 1930, 63, 
[B] 2052) consider that skimmianine is 7.8-di- 
methoxy dictamnine. 

From Orixa japonica Terasaka isolated four 
alkaloids (Amer. Chem. Abstr. 1932, 26, 730 ; 
1935, 29, 7337): 

Orixine^ C^gHg^O^N or CigHg^OgN, [ajp 
-I- 83-29°, m.p. 152-5°. 

Kokusagincy C 13 H 9 O 4 N, optically inactive, 
m.p. 201 °. 

KokusagininCy C 14 H 13 O 4 N or Ci 4 Hi 504 N, 
m.p. 171°. 

Kokusagi noliney CnHjgOfiN-HHgO, m.p. 
283°. 

The properties of these four new alkaloids are 
very similar to those of dictamnine and skim¬ 
mianine ; the similarity also of the absorption- 
spectra is striking. Probably all contain the 
same heterocyclic ring-system. Terasaka sup¬ 
poses kokusagine to be 6:7-methylenedioxy- 
dictamnine. 

Schl. 

DICTAMNOLACTONE v. Dictamnine. 

DI CYANINE V. Cyanine Dyes. 

DICYANODIAMIDE, (HgCNJg, or 
cyanoguanidine. Obtained by polymerisa¬ 
tion of cyanamide or, more conveniently, from 
commercial calcium cyanamide (“ Kal^tick- 
stoff”). The polymerisation is facilitated by 
addition of small amounts of acid, insufficient 
to combine with all the calcium present, and by 
boiling for a few hours. From the filtered 
extract dicyanodiamide oiystallises in colourless 
needles, m.p. 205°. On heating sodium cyan- 
amide with ammonium sulphate on a water bath 
cyanamide separates as an oil and on stirring or 
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shaking polymerises in a few hours (Hermann, 
Monatsh. 1905, 26, 1025). The rate of poly¬ 
merisation is dependent on the reaction of the 
solution used and is greatest at 9*6, decreasing 
rapidly above and below this point (Buchanan 
and Barsky, J. Amer. Chem. Soc. 1930, 62, 195). 
On warming with dilute acid dicyanodiamide is 
converted into dicyanodiamidine (guanyl urea), 
NH2(NH:)CNHC0NH2, 
which forms a characteristic insoluble compound 
with nickel, Ni(C 2 H 5 N 40 )g (Grossmann and 
Sohtick, Analyst, 1910, 35, 247 ; 1909, 34, 455; 
1907, 82, 273, 394). This reaction has been 
utilised in the determination of nickel in the 
presence of cobalt (cobalt dicyanodiamidine is 
soluble in water). The nickel compound can be 
dried at 115-160° without decomposition. 
C. D. Garby (Ind. Eng. Chem. 1926, 17, 266) 
has adapted the reaction to the determination 
of dicyanodiamide, this is first converted to 
the -amidine, which is then precipitated as the 
nickel compound. Dicyanodiamide may also be 
determined as the insoluble compound with silver 
picrate (Johnson, J.S.O.I. 1921, 40, 125T). 
Reduction of dicyanodiamide with zinc and 
dilute hydrochloric acid yields guanidine 
(dicyanodiamidine probably being formed inter- 
medially (J. Bell, Sci. Proc. Roy. Dublin Soc. 
1926, 18, 207)), and hydrocyanic acid which is 
rapidly reduced to the further stage of methyl- 
amine (Bamberger and Seeberger, Ber. 1893 
1583). Dicyanodiamide, on treatment with a 
mixture of nitric and sulphuric acid is con¬ 
verted into nitrodieyanodiamidine, and heat¬ 
ing with ammonium salts (chloride, nitrate, 
or thiocyanate) yields guanidine salts ( Werner 
and Bell, J.C.S. 1920, 117, 1133 ; Ewan and 
Young, J.S.C.I. 1921, 40, 109), probably by 
intermediate formation of diguanido salts. 
Condensation with dialkyl cyanacetic or malonic 
esters produces pyrimidine derivatives, e.g, 
with ethyl diethylcyanacetate a condensation 
product is obtained which on treatment with 
sulphuric acid gives barbituric acid (Bayer 
& Co., G.P. 165223 ; Chem. Zentr. 1906, 1, 
514). On autoclaving dicyanodiamide with 
liquid ammonia at 150° an 80% yield of, 
melamine^ C 3 N«(NH 2 ) 2 , is obtained. With 
ammonium carbonate, carbon dioxide, and 
water imder similar conditions, 75% of melamine 
and 25% of guanidine carbonate are formed 
(W. Scholl et al.f Ind. Eng. Chem. 1937, 29, 
202). Condensation with formaldehyde in the 
presence of acid yields an artificial resin (F.P. 
665210) which on addition of casein forms 
plastic moulding composition (B.P. 323047, 
1927). The constitutional formula of dicyano¬ 
diamide has been variously described as 
NHj(NH;)C NH C:N,(NH 2 ) 2 C:N C:N (Bam¬ 
berger, Ber. 1883, 16, 1459 ; 1891, *24, 899 ; 
Pohl, J. pr. Chem. 1908, [ii], 77, 533 ; Prianisch- 
nikoff, J.S.C.I. 1909, 28, 724) and more recently 
as the Baumann formula: 


HN:C 


'xnh/' 


C;NH 


H,NC(^ ^CNH, 


F. Chastellain (Helv. Chim. Acta, 1936, 18, 
1287) after a detailed study of the chain of 
reactions 

acid 

dicyanodiamide-► dicyanodiamidine 

NaOH at 100° 

- y guanidine-> urea -► ammonia 

concludes that dicyanodiamide is a tautomeric 
compound : 


NH:C 




C:NH 


(o) 


NH:C(NHj)NHCN 


and that in neutral and alkaline solutions and 
probably in the solid form it has the structure 
(a), whereas in acid solution this is transformed 
into (b). 

The commercial fertiliser calcium cyanamide 
usually contains small amounts of dicyanodia¬ 
mide which was formerly supposed to be the cause 
of seedling losses sometimes observed when the 
fertiliser was applied at or within a few days of 
sowing (Cowio, J. Agric. Sci. 1918, 9, 113). 
This is now known to be a fallacy (Lefort des 
Ylouses, Chim. et Ind. 1927, 18, 216). More¬ 
over, the amount of dicyanodiamide in modern 
forms of calcium cyanamide is extremely small. 

A. G. Po. 

DIDIAL. Trade name for a preparation 
containing dial and cthylrnorphine diaUyl- 
barbiturate, administered as a powerful hypnotic 
{Oiba, London). B.P.C. 1934. 

“DIENE SYNTHESIS” v. Alizarin 
AND Allied Colouring Matter, Vol. I, p. 208. 

m-DIETHYLAM I NOPHENOL, 



m.p. 78°, b.p. 201°/25 mm. is best made by 
sulphonation of diethylaniMne followed by alkali 
fusion of the m-sulphonic acid (D.R.P. 44792, 
U.S.P. 403678 ; for a review of other methods, 
«ee Sansome, Rev. G 6 n. Mat. Col. 1924, 28, 127). 

w-Diethylaminophenol readily undergoes con¬ 
densation with many compounds ; 1 - 2 -dicar- 
boxylio acids {e.g. itaconic, citraconic, succinic, 
etc.) give rhodamine dyestuffs, Rhodamin© B 
(Brilliant Rose B) being the derivative of 
phthalic acid. It is a source of triphenylmethane 
dyes (D.R.P. 205758, 229466), oxazine dyes 
(D.R.P. 300253), and many others, and is used 
as an anti-oxidant in rubber technology (U.S.P. 
1899120). 

DIETHYLANILINE, CeHg-NEtg, is pro¬ 
duced by the classical methods of ethylation 
applied to aniline halogen hydrides ; by treat¬ 
ment of aniline with diethyl sulphate in presence 
of lime (U.S.P. 1570203), with alcohol and 
sulphuric acid (Laptew, Anilin Farb. Ind. 
(Russ.), 1934, 4, 551), with ethyl chloride and 
lime under pressure (U.S.P. 1923697, 1994851), 
with ether under pressure (F.P. 768142), par¬ 
aldehyde under pressure (F.P. 776613), etc. The 
simultaneous reduction and ethylation of nitro- 
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benzene with zinc and acetaldehyde (D.B.P. 
491856) and many catalytic processes employ¬ 
ing alcohol as the ethylating agent (Brown and 
Reid, J. Amer. Chem. Soc. 1924, 46, 1836; 
Roy, J. Indian Chem. Soc. 1928, 5, 383; P.P. 
669824) are of particular interest. A variety of 
methods employing ohlorsulphonic acid (B.P. 
270930), phosgene (B.P. 273923), phthalic acid 
(U.S.P. 1890246), maleic anhydride (U.S.P. 
1991787), etc., are available for the removal of 
partially alkylated by-products. Biethylaniline 
has m.p. —Sr, b.p. 216*6®. 

Biethylaniline is characterised by its quater¬ 
nary addition compound with benzyl chloride 
(m.p. 104®) (Marvel and co-workers, J. Amer. 
Chem. Soc. 1929, 61, 3638) and is recommended 
as a reagent for aluminium (Grosset, Ann. Soc. 
soi. BruxeUes, 1933, [B], 53, 16) and zinc 
(Eegriwe, Z. anal. Chem. 1928, 74, 226). 

Biethylaniline is used in the preparation of 
diphenylmethane derivatives (U.S.P. 1954484, 
1803331) of azo dyestuffs and of dyestuffs 
belonging to the triphenylmethane and safran- 
ine series (E.P. 765338), etc. It also finds appli¬ 
cation in the treatment of lubricating oils (F.P. 
636332) and as an anti-oxidant in rubber 
chemistry (B.R.P, 345160). 

D1ET2 EIT E. A double iodate and chrom¬ 
ate of calcium crystallising in the monoclinic 
system, discovered in 1891 in the sodium nitrate 
deposits of Atacama, Chile. Analyses lead to 
the formula 7 Ca(l 03 ) 2 * 8 CaCr 04 , but the 
simple double salt formula Ca(l 03 ) 2 ‘CaCr 04 
appears more probable. Bistinct crystals are 
rare, the mineral usually forming crystalline 
fibrous aggregates of a dark gold-yellow colour. 
Sp.gr. 3*698. It is soluble in hot water ; on 
cooling, crystals of hydrated calcium iodate 
(Ca(l 08 ) 24 - 6 H 20 ) separate, leaving the cal¬ 
cium chromate in solution. The simple calcium 
iodate Ca(l 03 ) 2 > called lautarite^ occurs in the 
same deposits. 

L. J. S. 

DIFFRACTAIC ACID, a lichen acid. 

DIFFUSION. In any gaseous mixture or 
liquid solution the composition ultimately 
becomes the same whatever the original distribu¬ 
tion of the gaseous or dissolved substances may 
have been. In very large systems, as, for 
example, the atmosphere, there is a small 
change in composition with height above the 
earth’s surface which is due to the change in 
gravitational attraction with the size of the 
molecule. In the laboratory or factory this 
effect is negligible except when the gravitational 
or accelerating force becomes very largo as in 
the high-speed or ultra-centrifuge. Abnormal 
separations of the above type will not be con¬ 
sidered in the present article. The process by 
which the condition of equilibrium is reached is 
termed diffusion and it depends not on the 
circulation of the unequally distributed sub¬ 
stance as a whole, but on the vibrations of 
individual molecules. According to the kinetic 
theory a mass of gas which macroscopically is 
at rest, is actually the scene of great activity 
on the part of the constituent molecules. These 
move with a high velocity and alter the direction 
of their motion only after they coUide with one 
another or with the walls of the containing 


vessel. The occurrence of diffusion in gases 
thus becomes intelligible, and there is ample 
experimental evidence for extending the kinetic 
theory to the liquid state and for considering 
that the molecules therein are also in a state 
of constant motion. Even in solids the atoms 
can, under certain conditions, change their 
position in the crystal lattice,’and a large number 
of examples of diffusion through solids are now 
known. 

Diffusion of Gases. 

The upward diffusion of heavy vapours, e,g, 
bromine, into lighter gases has always been 
a popular lecture experiment, and in the latter 
part of the last century much work was done 
in investigating the quantitative laws that 
governed this process {see Loschmidt, Sitzungs- 
ber. Akad. Wiss. Wien, 1870, 61, 367 ; 1870, 
62, 468 ; von Obermeyer, ibid, 1880, 81, 1102 ; 
1882, 85, 147, 748 ; 1883, 87, 188 ; 1887, 96, 
646 ; Waitz, Ann. Physik, 1882, 17, 201, 361 ; 
Lonius, ibid. 1909, 29, 664 ; Brown and 
Escombe, Phil. Trans. B, 1900, 193, 223). Many 
experimental difficulties are mot when direct 
diffusion experiments are attempted, and it is 
much easier to study diffusion through porous 
plugs or through small apertures (effusion). 
In the above cases Graham (“ Chemical and 
Physical Researches,” T. and A. Constable, at 
the Edinburgh University Press, 1876, pp. 44, 
88) was able to show that the volumes of different 
gases diffusing under standard conditions in a 
given time were inversely proportional to the 
square roots of their densities. Knudsen (Ann. 
Physik, 1909, 28, 75) obtained the same result 
when gases were allowed to pass through a 
capillary tube (transpiration). The above rela¬ 
tionship holds only approximately unless the 
mean free path of the gas molecules is large com¬ 
pared with the aperture through which it is 
being driven—with a large hole the phenomenon 
is obviously one of the viscous flow and not 
diffusion. The larger the above ratio becomes 
the better is Graham’s law obeyed (^ec Timoffiefl’, 
Z. physikal. Chem. 1890, 6, 686 ; Bonnan, Phil. 
Mag. 1900, 49, 423 ; Emich, Monatsh, 1903, 24, 
747 ; Knudsen, Ann. Physik, 1909, 28, 999). 
The study of diffusion in gases has been con¬ 
tinued by M. Trautz and co-workers as part of a 
general investigation into gaseous mixtures {see 
Trautz and MflUer, a!^. Physik, 1935, 
[v], 22, 313). Their work has been criticised 
by J. Kuusinen (Ann. Physik, 1936, [v], 24, 
445). The problem of calculating dif^ion 
velocities in factory plant has been studed 
by W. Roth (Arch. Eisenhtittenw. 1934-36, 8 , 
401), where equations suitable for the solurion 
of practical problems are given. B. Kries and 
N. Seljokov (Z. Physik, 1935, 94, 134) working 
on mixtures of carbon dioxide and air have 
studied the conditions of diffusion at high 
pressures. The evaporation and diffusion of 
solvent vapours into air has considerable 
technical importance. E. R. Gilliland (Ind. 
Eng. Chem. 1934, 26, 681, 1093) has measured 
the velocity of these processes for a number of 
liquids in^uding water, butyl alcohol, and 
toluene, and, to facilitate reference, the results 
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are represented graphically. The process of 1 
evaporation has been shown to consist of diffu¬ 
sion of the vapour from a supermrface layer into 
the gas phase and this diffusion is governed 
by the ordinaiy kinetic laws (E. Preston, 
Trans. Faraday Soc. 1933, 29, 1188 ; 1936, 31. 
776,1093). An ingenious apparatus for measur¬ 
ing the diffusion of vapours of volatile soUds 
through gases is described by B. Topley and 
R. Whytlaw Gray (Phil. Mag. 1927, [vii], 4, 
873). A small sphere of the substance under 
investigation is suspended from a fine quartz 
fibre which has been woimd into a spiral, 
thus forming a spring balance^ which enables the 
Joss in weight of the bead to be measured 
directly, the vapour being taken up by an 
adsorbent which is spread on the sides of the 
container. An accuracy of 2% was obtained 
for the passage of iodine vapour through air at 
temperatures between 14° and 30°C. 

The principles of the diffusion of gases and 
vapours have important applications in the 
designing of pumps for high vacuum purposes. 
They have also been utilised by G. Hertz (Z. 
Physik, 1934, 91, 810 ; see also Barwich, ibid. 
1936, 100, 166) in constructing an apparatus 
which enables the isotopes of the elements to be 
separated. One of the units from which the 



apparatus was built up is shown diagram- 
matically in the fig. I. The gas enters the 
unit through a glass tube A in the direction 
shown by the arrow. It passes into a special 
porcelain diffusion tube B, which, by means of a 
grading glass, can be fused to the rest of the 
apparatus. A light fraction diffuses through B 
and is collected in the glass jacket C; it is 
pumped off and circulates with the gas in the 
previous unit. The remaining gas passes into 
another porous tube D through which a sample 
of medium density gas passes ; the light fraction 
from the next unit is added to this and the 
mixture recirculated by means of a pump P. 
Finally the heavy remainder of the gas passes 
through E to the next unit where the whole 
cycle of operations is repeated. Thus in each 
unit there is a continuous process of separating 
the gas into three fractions, and by increasing 
the units it is possible to obtain any desired degree 
of separation. Herz has separated deuterium 
from hydrogen, also the neon and oxygen iso¬ 
topes ; indeed, once it is working, even small 
differences in density lead to effective separa¬ 
tions. 

DmrusioN Thboxtgh Metals. —^The passage 
of a gas across a diaphragm takes place not 

^ The quarts spring is usually spolcen of as a McBaln 
Microbalance. 


only when the diaphragm is porous but also if it 
has the power of dissolving or absorbing the 
gas. For example, the ease with which hydro¬ 
gen will pass through hot platinum or palladium 
sheet has been known for many years. More 
recently further examples have been investi¬ 
gated and most of them have technical applica¬ 
tions either in the wireless valve or metal 
industries. The more important of these papers 
are tabulated below. 

Nj through Cr.—G. Valensi, J. Chim. phys. 
1929, 26, 162, 202. 

Hj through Cu.—E. O. Braaten and G. F. 
Clark, Proc. Roy. Soc. 1936,153, 604 ; A. F. H. 
Ward, ibid. 1931, A, 133, 606, 622. 

O 2 through Cu.—^F. Wilkins, ibid. 1930, A. 
128,407. 

HgO through Cu and Nj through chrome 
iron.—J. H. Do Boer and J. D. Fast, Rec. trav. 
chim. 1936, 64, 970. 

He through silica.—E. 0. Braaten and G. F. 
Clark, J. Amer. Chem. Soc. 1935, 57, 2714 ; 
Barrer, J.C.S. 1934, 387. 

Hg through Nl, Cu, Mo and Fe ; Ng through 
Mo.—C. J. Smithells and C. E. Ransley, Proc. 
Roy. Soc. 1936, A, 150, 172. 

Hg through Al.— Idevi, ibid. A, 1935,152, 706. 

CO through Nl.— Idem, ibid. A, 1936, 165, 
195 ; A, 1936, 167, 292. 

H 2 through Pd.—V. Lombard and C. Eichner, 
Bull. Soc. chim. 1933, fiv], 58, 1176, ibid. 
1935, [v], 2, 1555; Compt. Rend. 1935, 200, 
1846; ibid. 1930, 202, 1777. 

Oj, NH 3 , S and P through Fe.—A. Bramley, 
F. W. Haywood, A. T. Cooper, and J. T. Watts, 
Trans. Faraday Soc. 1935, 81, 707. 

As a result of the above work the processes 
involved during the diffusion of gases through 
metals are known in outline at least. The first 
fundamental consideration is whether the gas 
passes through the crystals of the metal or 
penetrates through minute cracks and the filling 
at the crystal boundaries. Smithells and Rans¬ 
ley were able to show that the rates for the 
passage of hydrogen through fine and through 
large crystalline iron were identical and that 
diffusion must be through the body of the metal. 
On the other hand, Wilkins (Z.c.) and Ward and 
Wilkins (Z. physikal. Chem. 1929, 144, 269) 
showed that in the case of oxygen through 
copper considerable lateral penetration round 
the boundaries occurs. A formula for the 
velocity of diffusion D across a metal plate 
from a pressure p on one side to zero pressure on 
the other was suggested by Richardson, Niool, 
and PameU (Phil. Mag. 1904, 8 , 1), who gave 

D=^v'iTe'"^, 

where k and E were constants, d was the thick¬ 
ness of the metal, T the absolute temperature, 
and R the gas constant. This equation ignores 
the effect of the surface of the metal in adsorbing 
the gas and it is now considered that unless this 
occurs the gas cannot penetrate the solid. Thus 
nitrogen will pass through iron or molybdenum 
but not through copper or nickel, while the 
inert gases wifi pass through glass and silica 
but not through metals (Barrer, l.o.; S. Bern* 
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stein, Compt. rend. Acad. Sci. U.R.S.S. 1934, 
1, 230 ; H. Diinwald and C. Wagner, Z. physikal. 
Chem. 1934, B, 24, 53). Smithells and Ranaley 
have shown that the adsorbed film must be 
allowed for before the Richardson equation 
would represent their experimental results. 
They used the following modification for the 
change of D with p at constant temperature: 

The values of the constants a and p agree with 
those obtained from direct adsorption measure¬ 
ments and the necessity for adsorption to occur 
before diffusion is possible seems clearly 
established. It may be noted that the adsorp¬ 
tion process would more easily allow the 
molecules of gas to be split into atoms, and the 
relationship Dajpi indicates that diffusion 
should occur in that state. Ward (lx.) con¬ 
siders the existence of atoms improbable, but 
B. Duhm (Z. Physik, 1936, 94, 434) has shown 
that for the case of hydrogen and palladium 
true dissociation into atoms can occur. 

In a recent communication J. Lynch (Nature, 
1937, 40, 363) has suggested that the mechanical 
properties of metals may be considerably affected 
by the solution of gases in them. In support of 
this contention he reported that the rigidity of 
a palladium wire was decreased by over 20% 
when it contained 450 times its volume of 
dissolved hydrogen. 

Diffusion of Liquids and Dissolved 
Substances. 

The foundation of our knowledge of this 
subject was laid by the classical experiments 
of Thomas Graham (“ Chemical and Physical 
Researches,” T. & A. Constable, 1876, pp. 444- 
600). In his experimentB^700 c.o. of water were 
placed in a cylindrical jar and then 100 c.o. of 
the solution to be diffused were carefully con¬ 
veyed to the bottom of the jar with the aid of a 
pipette. After a suitable time portions of 60 c.c. 
were successively drawn off from the top; these 
portions evaporated to dryness, and the amount 
of substance that diffused into each layer was 
thus ascertained. Graham’s comparative experi¬ 
ments on the diffusive power of different sub¬ 
stances in aqueous solution led him to draw a 
distinction, which has become of the highest 
importance, between the behaviour of easily 
crystallisable substances and that of substances 
which are marked by the absence of the power 
to crystallise. So far as diffusibility is con¬ 
cerned, the distinction in question is based on 
the following figures, representing approximate 
times of equal diffusion : hydrochloric acid 1, 
sodium chloride 2-3, sucrose 7, magnesium 
sulphate 7, albumin 49, caramel 98. The 
difference in diffusive power of crystalloids and 
colloids is very evident from these figures. 

The significance of the quantitative results 
obtained by Graham was emphasised by Stefan 
(Sitzungsber. Akad. Wiss. Wien, 1878, 78, [ii], 
967 ; 1879, 79, [ii], 161), who showed that they 
were in harmony with Pick’s diffusion law, 
which states that the diffusion of substances 
in aqueous solution is comparable with the 


distribution of heat in thennal conductors. 
Fick’s Law is expressed by the formula 

^ dx 

where dS is the amount of substance crossing 
a section of the diffusion column in time dt, 
the sectional area of the column being q sq. cm. 
and dcjdx being the concentration gradient. 
The constant I) is known as the diffusion co¬ 
efficient. Stefan published tables from which 
the diffusion coefficient could be obtained 
directly from the analytical results after the 
solution had been divided into four portions. 
The method was modified by Oholm (Z. physikal. 
Chem. 1904, 60, 309) and it is sometimes called 
after him. Its modern form is described by 
D. Kruger and H. Grunsky {ibid. 1930, 
150, 115 ; 1934, 170, 161). A special ap¬ 
paratus for dividing the liquid into portions 
after diffusion was devised by E. Cohen and 
H. R. Bruins {ibid. 1923, 103, 349), who 
carried out some extremely careful deter¬ 
minations of the diffusion of 83 rmmetrical 
totrabromoethane into tetrachloroethane be¬ 
tween the temperatures of 0*44° and 51*10°C. 
They discovered deviations from Pick’s Law 
amounting to about three times the magnitude 
of the possible experimental error. In any 
method the time required for diff usion to occur is 
considerable, and there is consequently ample 
opportunity for the solutions to be mixed by 
convection currents or by shaking, unless the 
apparatus is very firmly bedded and the 
temperature remains absolutely constant. These 
difficulties have been largely overcome by the 
introduction of a micro method by R. Fiirth 
(Physikal. Z. 1925, 26, 719). The cell is approxi¬ 
mately lOx 15x 1 mm. and is mounted on the 
stage of a microscope through which the 
progress of diffusion can be observed. Results 
that are accurate to d:5% can be obtained 
in experiments lasting only 15 minutes. The 
method has been carefully worked out by K. 
Sitte and can be used with very dilute solutions. 
Full details of the experimental precautions 
are given in the following series of papers and 
the complete apparatus is now marketed by 
Karl Zeiss under the name of “ Mikrodiffusions- 
apparat nach Fiirth & Zuber ” (R. Fiirth, Z. 
Physik, 1932, 79, 276 ; R. Zuber, ibid. 280, 
291 ; R. Zuber and K. Sitte, ibid. 306, 320; 
R. Fiirth and R. Zuber, ibid. 1934, 91, 609 ; 
K. Sitte, ibid. 617, 622, 642, 651). 

A third method of measuring diffusion co¬ 
efficients which is capable of giving very 
accurate results is to measure the amount of 
material that penetrates a fine sintered glass 
filter. The method was discovered by J. H. 
Northrop and M. L. Anson (J. Gen. Physiol. 
1929,12, 643), and the details havejbeen worked 
out by J. W. McBain and co-workers (J. Amer. 
Chem. Soc. 1931, 58, 59 ; 1933, 55, 432, 646). 
They have made numerous measurements with 
the apparatus and have used it in particular for 
the investigation of large molecules. They 
have shown that colloidal particles can be made 
to diffuse normally and that the rate can 
be used as a method of determining their mole¬ 
cular weight. Thus a value of 34,000 was ob- 
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tained for egg albumin at its isoelectric point, 
which is in remarkable agreement with Sved- 
berg’s values of 34,500±1,000 by sedimentation 
equilibrium and 34,000 by osmosis. It is 
interesting to note that Svedberg could not 
obtain satisfactory values by dijBFusion, which 
McBain attributes to the use of buffer solutions, 
which he points out are difficult to maintain at 
identical concentrations on both sides of the 
diaphragm ; secondly, they may cause a 
change in the size of the molecule under 
investigation, and thirdly, make analysis more 
difficult (see McBain, C. R. Dawson and H. A. 
Baker, J. Amer. Chem. Soc. 1934, 56, 1021). 
Contributions to the mathematics of the theory 
of diffusion have come from T. Katsurai and K. 
Kawashimo (Kolloid Z. 1936, 75, 37), also 
from W. G. Eversole and E. W. Doughty (J. 
Physical Chem. 1935, 39, 288), but the future 
development of the subject seems to call 
for the systematic tabulation of accurate 
data. 

The difference in the rate of diffusion of heavy I 
and light molecules tlirough suitable membranes 
has been utilised for the removal of electrolytes | 
from colloidal particles by dialysis. The 
membrane selected, however, is as far as i 
possible semipermeable and consequently the | 
process reaUy belongs to the phenomena of 
osmosis. 

Since the time of Graham the majority of 
experiments have confirmed that Pick’s Law is at 
least approximately obeyed. A number of 
examples have, however, been found of materials 
that diffuse very much faster than anticipated 
and these substances wore said to exhibit 
anomalous diffusion. This was first observed 
by R. 0. Herzog and A. Polotzky with dyestuffs 
(Z. physikal. Chem. 1914, 87, 449); other 
examples, which were found, generally involved 
natural products, and explanations, like specific 
reaction with the solvent or lack of purity of the 
materials, were advanced. These had to be 
abandoned when H. Freundlich and D. Kriiger 
showed that similar deviations could be obtained 
with substances of small molecular weight 
(Trans. Faraday Soc. 1935, 31, 906). For 
example, a solution of quinone diffusing into 
water obeys Pick’s Law, but if both solutions are 
normal with respect to potassium sulphate 
anomalous results are obtained. The whole 
subject is critically reviewed by the above 
authors and they have shown that the anomalous 
results are attributable to the concentration 
gradient of the quinone causing the uniformly 
distributed substance (potassium sulphate) 
also to diffuse, owing to a mutual change in 
the solubility of the two solutes. In con¬ 
sequence, in the course of the diffusion process, a 
thin layer of the liquid on the border line 
of the two solutions becomes less dense than the 
solution immediately above. This inadmissible 
density gradient produces convection currents 
which obscure the normal process of diffusion. 
The correctness of this assumption was proved 
by the fact that the abnormality disappeared 
when care was taken that the solution above 
was to a sufficiently marked degree less dense 
than the one below. It should be noted that the 
phenomenon occurs only in the boundary layers, 
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and consequently the sharpness of the boundary 
between the two liquids is not affected. 

Diffusion of Solids. 

The possibility of diffusion processes occurring 
with solid materials was indicated by the 
manufacture of steel by the cementation process; 
but in spite of its importance industrially, it is 
only recently that much published work has 
appeared on the subject. The first example of 
solid diffusion to be studied was that of gold 
into lead ; this was shown by Roberts-Austin 
(Phil. Trans. 1896, 187, 383) to occur to an 
appreciable extent in 40 days at temperatures 
between 100*^ and 200°C. In a subsequent 
paper (ibid. 1900, 67, 101) it was stated that 
the process could be detected at room tempera¬ 
tures but that time had to be measured in periods 
of years. A. E. van Arkel (Metall-Wirt. 1928, 
7, 656) introduced an ingenious method of 
following diffusion when ho coated a copper wire 
with a layer of nickel by electrolysis and was 
then able to detect any change by the variation 
of electrical conductivity of the composite wire. 
He found that the transfer of metal became 
appreciable above O. Tanaka and 

Matano (Mem. CoU. Sci. Kyoto, 1931, 14, A, 
59, 123) studied the temperature coefficient for 
the diffusion of silver into gold and of nickel into 
copper ; and the same measurements were 
made for gold into lead by G. von Hevesy and 
W. Seith (Z. Elektrochem. 1931, 37, 528). 

W. Seith and co-workers have in recent 
years published a series of excellent experi¬ 
mental papers. Using a radioactive indicator— 
thorium B—they followed its movement into 
crystals of lead and showed that in this sym¬ 
metrical lattice the rate was practically the 
same in any direction (Z. Elektrochem. 1933, 39, 
638). The experiments wore then repeated with 
bismuth and it was found that the diffusion in a 
direction perpendicular to the crystalline axis 
was very much faster than when it was parallel 
to it. A technique was then worked out by 
which the course of diffusion could be followed 
by cutting thin layers of the metal and finding 
their composition by spectrum analysis. The 
rate of movement of magnesium, cadmium, 
nickel and mercury in lead ; lead, mercury and 
platinum in cadmium ; and platinum into 
zinc were then determined (ibid. 1934, 40, 318; 
Z. Metallk. 1932, 24, 193). The results obtained 
were then checked by measurements for a series 
of metals diffusing into silver at temperatures 
between 650° and 896°C. (Z. Elektrochem. 
1936, 42, 570). The authors have been able to 
show that in general Fick’s Law is obeyed and 
that diffusion D varies with temperature T 
according to the formula 

logD=:-A/T±B, 

where A and B are constants. Similar con¬ 
clusions were reached by A. Bramley and co- 
workers for the diffusion of carbon, sulphur, 
nitrogen and phosphorus into iron and steel 
(Trans. Faraday Soo. 1936, 31, 707). The effect 
of a second element on the diffusion of a 
third was also studied with very interesting 
results. The presence of 0*6% of carbon re- 
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duoed the velocity of the movement of sulphur reduced by hydrogen for 200 hours before 
by one half. On the other hand, the presence nitriding, instead of a minimum value being 
of sulphur or phosphorus almost entirely obtained, the process was nearly as fast as in 
prevents the movement of carbon and, in the the presence of the optimum amount of oxygen, 
case of phosphorus, the carbon is driven before Anomalies of this type require much experi- 
it into the metal. The penetration of nitrogen mental work for their elucidation, but, since 
is of particular importance owing to its apphca* traces at least of these elements may be expected 
tion to the hardening of special steels. It was in any commercial sample of steel, they may 
found that the presence of oxygen favoured the prove to be of the utmost importance, 
nitriding process, but when the specimen was K. H. P. 
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